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ABSTRACT

The H u sfjo rd  a re a  o f S/5r/5y e s s e n t i a l l y  com prises a  p lu to n ic  igneous 

com plex which has been emplaced in to  Eocambrian m etasedim ents during  

th e  C aledonian  orogeney.

The m etased im entary  envelope o f th e  complex c o n s is ts  m ainly  o f a 

sequence o f psam m ites, p e l i t e s ,  s e m i-p e l i te s ,  c a l c - s i l i c a t e - s c h i s t s ,  

and m eta lim esto n es , which have su ffe re d  a  pro longed  re g io n a l metamorphism 

and two p r in c ip a l  ep iso d es  o f defo rm ation .

The r e g io n a l  metamorphic even t commenced b e fo re  th e  f i r s t  fo ld in g  

e p iso d e , reach ed  i t s  peak in  th e  a lm and ine-am phibo lite  f a c ie s  between 

th e  d efo rm atio n  e p iso d e s , and waned d u rin g  th e  second p e rio d  of fo ld in g .

The v a r io u s  members o f th e  igneous complex vrere emplaced synchro

nous w ith  th e se  metamorphic and te c to n ic  e v en ts . C ontact metamorphic 

e f f e c t s  produced by some members have been superim posed upon th o se  of 

th e  re g io n a l  metamorphism.

The e a r l i e s t  member, th e  H u sfjo rd  m etagabbro, was in tru d e d  towards 

th e  end of th e  f i r s t  deform ation  ep iso d e , and has undergone th e  h ig h e s t 

g rad es  o f  re g io n a l  metamorphism. A n o r i te  and a  s u i te  o f d io r i t e s  were 

emplaced d u rin g  th e  second deform ation  ep isode and th e se  have only 

s u f fe re d  a low -grade re g io n a l  metamorphism.. The H usfjo rd  metagabbro 

and th e  d i o r i t e  complex were emplaced e s s e n t i a l ly  by a  mechanism of 

p e rm iss iv e  in t ru s io n .  The l a t e s t  members o f th e  igneous complex were 

th e  V atna gabbro , th e  S la t t e n  gabbros, and a  number o f minor in tru s io n s  

in c lu d in g  p e r th o s i te  s h e e ts ,  b a s ic  dykes, and n e p h e lin e -sy e n ite  peg m atites.

The main d i o r i t e  s u i te  appears to  have developed from a d i o r i t i c



m e lt ,  which was g e n e ra ted  deep in  th e  c r u s t  by th e  sy n te x is  of s i a l i c  

m a te r ia l  w ith  b a s ic  magma em placed from b en ea th .

M etamorphic m in era l p a ra g e n e s is  in  p e l i t i c  h o rn fe ls e s  suggests  

t h a t  th e  d ep th  o f emplacement o f th e  H u sfjo rd  p lu to n ic  complex was in  

th e  o rd e r o f 23 km.
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I  would l i k e  to  re c o rd  ray most profound thanks to  Dr. B rian  S tu r t ,  

who c o n s ta n tly  o f fe re d  guidance and adv ice  th ro u g h o u t t h i s  work, and 

who c r i t i c a l l y  re a d  th e  m an u sc rip t o f t h i s  T h e s is .

To P ro f . B.C. King go my th an k s f o r  p ro v id in g  f a c i l i t i e s  in  th e  

Geology D epartm ent, B edford C o lleg e , where th e  work was c a r r ie d  o u t.

Thanks a re  p ro f fe re d  to  b o th  Dr. B rian  S tu r t  and D r. Donald Ramsay 

f o r  v a lu a b le  d is c u s s io n  in  th e  f i e l d ,  and a ls o  to  my c o lle a g u es  a t  Bedford 

C ollege f o r  t h e o r e t i c a l  d isc u ss io n s»

I  th an k  P ro f»  T,F,W. B arth  and Dr. H. Neumann f o r  a llow ing  me to  

c a r ry  ou t a n a ly t i c a l  work in  th e  M inera log isk -G eo log isk  Nhiseum, O slo.

th an k s  a l s o  go to  Dr. B ernard  Leake fo r  p e rm itt in g  me to  use th e  

X -ray f lu o r e s c e n t  sp ec tro sco p e  a t  th e  Geology D epartm ent, U n iv e rs ity  

o f B r i s to l .

Dr. Eugen Stum pfl and D r. F rank Yokes in tro d u ced  me to  th e  tech n iq u es  

o f r e f l e c t e d  l i g h t  m icroscopy, f o r  which I  thank them . Some of th e  

p o lish e d  s e c t io n s  were made a t  th e  Geology D epartm ent, U n iv e rs ity  C o llege, 

London, and f o r  t h i s  I  am g r a te f u l  t o  Dr. M.K. W ells.

To Mr. J .  K e ith  and h i s  te c h n ic ia n s  go my thanks f o r  a s s is ta n c e  w ith  

te c h n ic a l  and p h o tog raph ic  a s p e c ts  o f th e  work, and a ls o  to  th e  Science 

Workshop, B edford C o lleg e , f o r  th e  c o n s tru c tio n  o f th e  macro p o in t 

co u n tin g  a p p a ra tu s .

I  w ish  to  thank v ery  much indeed  M rs. S id s e l  S tu r t  who k in d ly  typed 

t h i s  T h e s is ,  and a ls o  Mrs. Mary Humphries who typed  th e  p la te  s u b t i t l e s .

I  am v e ry  g r a te f u l  to  v a r io u s  members o f my fam ily  who a s s is te d



w ith  some a s p e c ts  o f th e  co m p ila tio n  of t h i s  T h e s is , e s p e c ia l ly  to  

I^ iss Valmai Cass am who d id  th e  p re lim in a ry  ty p in g .

I  would l i k e  to  thank  a l l  my Norwegian f r ie n d s  on S / r /y  and in  

H am m erfest, p a r t i c u la r ly  f r u  Henny Jaco b sen , f r u  Id a  Johanssen , 

h e r r  Klemmet N ils s e n , and h e r r  R o lf Mauno and fa m ily , f o r  t h e i r  most 

k in d  h o s p i t a l i t y  and f r ie n d s h ip .

T h is  work was c a r r ie d  ou t d u rin g  th e  te n u re  o f a  Science R esearch 

C ouncil (N .A .T .O .) R esearch S tu d e n tsh ip  Award, f o r  which I  am most 

g r a te f u l .



CONSENTS 

PART I

INTRODUCTION AND REGIONAL GEOLOGY

INTRODUCTION 2
REGIONAL GEOLOGY 3

G eneral 3
W est-Finnm ark -  N orth Troms p é tro g ra p h ie  p rov ince  5

PART I I  

THE COUNTRY ROCKS 

S tra t ig ra p h y  14

I n tro d u c tio n  14
Psammites and s e m i-p e l i te s  (m igm atized) 16
C u m m in g to n ite -sch ists  17
Q uart z -  g am e t-m ic  a -  s c h is t  s 16
K y a n ite -g a rn e t-m ic a -s c h is ts  19
C a l c - s i l i c a t e - s c h i s t s  w ith  m eta lim estones 19
Q u a r tz o -fe ld sp a th ic  p h y l l i t i c  s c h is t s  21
HISTORY OF SEDIMENTATION 22
CORRELATION 24
AGE OF THE METASEDIMENTS 28

S tru c tu re  30
In tro d u c t io n  30
MINOR STRUCTURES 31

F j  s t r u c tu r e s  31
E a rly  F2 s t r u c tu r e s  35
L a te  Fg s t r u c tu r e s  39

MAJOR STRUCTURES 41
P etrog raphy  46

Psammites and s e m i-p e l i te s  46
B asic  s h e e ts  49
C u m m in g to n ite -sch ists  50
G a rn e t-m ic a -sc h is ts  50
K 3ian ite-gam et-m ica^  s c h is t s  51
C a l c - s i l i c a t e - s c h i s t s  w ith  m etalim estones 53
Q u a r tz o - f e ld s p a th ic - p h y l l i t ic - s c h is t s  54

PART I I I  

THE IGNEOUS COMPLEX

F ie ld  R e la tio n sh ip s  57

In tro d u c t io n  U
THE MAJOR INTRUSIONS 56



HUSFJORD METAGABBRO 58
G eneral 58
U ltra b a s ic  la y e r s  6 l
J  o in t in g  63
M etasedim entary  r a f t s  and x e n o li th s  65

M etailim estone r a f t s  65
M ic a -s c h is t  r a f t s  66
Psam m itic r a f t s  66
X e n o lith s  68
D is t r ib u t io n  of r a f t s  69

E a rly  d i o r i t e s  and f e ld s p a th iz a t io n  71
L a te  d i o r i t e s  73
P eg m atite s  74
S h e a r -b e l t s  78
P e r th o s i te s  79
H ydrotherm al v e in s  60
% -lo n ite s  61

THE DIORITES 64
I n tro d u c t io n  64

HAVNEFJORD DIORITE 64
G eneral 64
R a f ts  and X e n o lith s  66

M etagabbro and t r o c t o l i t e  r a f t s  66
Psam m itic, s e m i- p e l i t i c ,  and b a s ic  re if ts  69
M etalim estone r a f t s  91
M etasedim entary  x e n o li th s  93

LATE DIORITES H
In tro d u c t io n  94
P y ro x e n e -m ic a -d io rite s  95
Q uart z - d i o r i t e s  99

G a rn e t- r ic h  q u a r tz - d io r i t e s  99
G am et-p o o r q u a r t  z - d io r i t e s  100

KOMAGFJORD DIORITE IO3
KOBBERFJORD NORITE 105

K obberf3 o rd  body 105
F e l l a  body 108

VATNA GABBRO 110
G eneral 110
O re-sh o o ts  111
Minor in t r u s io n s  113
S hears  and m y lo n ite s  115

SLATTEN GABBROS H 6

STRUCTURE AND EMPLACEMENT OF THE MAJOR INTRUSIONS 118
In tro d u c t io n  118
H usf j  o rd  m etagabbro 116
H avnefj ord d i o r i t e  121
V atna gabbro 129



THE MINOR INTRUSIONS 132
In tro d u c t io n  132
EARLY BASIC DYKES 132
PERTHOSITES 134

X en o lith s . in  p e r th o s i te s  135
Emplacement o f p e r th o s i te s  141

V atndal p e r th o s i t e s  141
Komagf jo rd  p e r th o s i te s  143

LATE BASIC DYKES 150
NEPHELINE-SYENTTE PEGMATITE 153

P etro g rap h y  156
THE MAJOR INTRUSIONS 156
HUSFJORD METAGABBRO 156

G eneral 156
F in e -g ra in e d  f a c ie s  156
C o arse -g ra in ed  f a c ie s  156
A c t in o l i t i c  f a c ie s  159
N c r i t ic  f a c ie s  l 6 l

F e ld s p a th i  z a t  io n  l 6 l
Therm al metamorphism 162
T r o c to l i t e s  164
E a rly  d i o r i t e s  167

Metamorphism 170
P eg m atite s  171
M etasom atic v e in s  173
S h e a r -b e l ts  174
% lo n i t e s  175
R a f ts  and X e n o l i th s  177

P e l i t i c  and s e m i- p e l i t ic  r a f t s  177
M etalim estone r a f t s  178
C a l c - s i l i c a t e - s c h i s t  x e n o li th s  179
B asic  h o m fe ls  x e n o li th s  180
Psam m itic and s e m i- p e l i t ic  r a f t s  180

HAVNEFJORD DIORITE 183
G eneral 183
P eg m atites  185
M etasom atic v e in s  186
H ybrids 186
M etasedim entary  r a f t s  189

P e l i t i c  and s e m i- p e l i t ic  r a f t s  189
M etalim estone r a f t s  191
C a lc - s i l i c a te  h o rn fe ls  r a f t s  192
B asic  h o m fe ls  r a f t s  192
M obilized  h o m fe ls  r a f t s  194

LATE DIORITES 197
Pyr oxene-mic a -d io r  i t e  s 197

G eneral 197
X e n o lith s  200



P e l i t i c  and s e m i- p e l i t ic  x e n o li th s  200
B asic  h o rn fe ls  x e n o li th s  201

S y m p le c tite s  and coronas 202
G a rn e t- r ic h  q u a r t z - d io r i t e s  211
G arn e t-p o o r q u a r t z - d io r i t e s  213

G eneral 213
X e n o lith s  214

S e m i-p e l i t ic  x e n o li th s  214
C a lc - s i l i c a t e  h o rn fe ls  x e n o li th s  215

F e ld s p a th iz a t io n  215
M etagabbro 216
P e l i t i c  r a f t s  in  m etagabbro 216

KOMAGFJORD DIORITE 218
G eneral 218
Xenoliths* 218

A m phibolite  x e n o l i th s  219
B asic  pyroxene h o m fe ls  x e n o li th s  219
F e ls ic  pyroxene h o m fe ls  x e n o li th s  219

Minor in t r u s io n s  220
B asic  d i o r i t e  220
P o rp h y r i t ic  am p h ib o lite  220
H y p ers th en e -b ea rin g  am p h ib o lite  221

KOBBERFJORD NORITE 222
G eneral 222
X en o lith s  223

Psam m itic and p e l i t i c  x e n o li th s  223
B asic  h o m fe ls  x e n o lith s  224

Coronas 225
C o n tac t Zone 228

VATNA GABBRO 231
G enera l 231
A u to l i th s  231
X en o lith s  232
A n t ip e r th i t i c  f a c i e s  233
O re-sh o o ts  234
M etasom atic v e in s  235

SLATTEN GABBROS 236
F in e  o liv in e -g a b b ro  236
Coarse o liv in e -g a b b ro  236
Pyroxene-gabbro  237

THE MINOR INTRUSIONS 239
EARLY BASIC DYKES 239

P o rp h y r i t ic  am ph ibo lite  239
P e r id o t i t e  240

PERTHOSITES 240
late b a sic  DYKES 242
n e p h e lin e -s y e n ite  p eg m atite s  245



P e tro c h e m is try  247
INTRODUCTION 247
THE DIORITES 246

In tro d u c t io n  248
EARLY DIORITES 248
MAIN DIORITE SUITE 248

Whole rock  a n a ly se s  248
F e ld sp a r  a n a ly se s  253

Major e lem ents 253
T race e lem en ts  255

SUMMARY 262
P e tro g e n e s is  264

In tro d u c t io n  264
HUSFJORD METAGABBRO 264
a lk a lin e  rocks 265
NORITE-DIORITE SERIES 266

PART IV 
METAMORPHISM

In tro d u c t io n  278
F I SYN-TECTONIC REGIONAL METAMORPHISM 279
CONTACT METAM0RPHISt4 DUE TO HUSFJORD METAGABBRO 280
POST-Fl, PRE-F2 (STATIC) REGIONAL METAMORPHISM 281

C ountry  ro ck s  282
G arnet 282
K yan ite  and S i l l im a n i te  283

Igneous ro c k s  285
M ig m atiza tio n  285

CONTACT METAMORHIISM DUE TO EARLY DIORITES 293
F2 SYN-TECTONIC regional I4ETAM0RPHISM 294
CONTACT METAMORPHISM DUE TO MAIN IGNEOUS COMPLEX 295

K o b b erfjo rd  n o r i t e  296
H avnefj o rd  d i o r i t e  296
L a te  d i o r i t e s  299

P0ST-F2 (STATIC) REGIONAL 1-lETAMORPHISM 300
C ountry ro ck s  300
H usfj ord  m etagabbro 301
D io r i te s  301
V atna gabbro and minor in t ru s io n s  302
M etasom atic v e in s  304

DISCUSSION 304

PART V
SUMMARY OF PLUTONIC HISTORY 310

REFERENCES 313
APPENDIX

NOTE ON TECHNIQUES OF MACRO POINT COUNTING 328



LIST OF PLATES

1 . Panorama of th e  H u sfjo rd  a re a .

A fte r  nage 

1

2. W ash-out s t r u c tu r e . 20

3. F I f o ld s  and F 2 -fo ld s . 32

4. F I f o ld s . 33

5. Eyed f o ld . 33

6. Eyed f o ld . 33

7 . " B o a t- fo ld " . 33

8. F2 f o ld s . 35

9 . Boudinage. 37

10. T e c to n ic  in c lu s io n s . 37

11. P re-F2  g a rn e t 47

12. F i b r o l i t e  a t  f e ld s p a r  boundaries 48

13. S ta tic -g ro w th  g a rn e t . 48

14. S i l l im a n i te  a l t e r in g  to  m uscovite 52

15. P o ik i lo b la s t i c  m uscovite 52

1 6 . P o s t-F l g a rn e t . 52

17 . G arnet overgrow ing s i l l im a n i t e . 52

18. Banding in  t r o c t o l i t e . 62

19. T r o c to l i t e  band. 62

2 0 . E a rly  d i o r i t e  o f f s e t  by j o i n t . 65

21. M etalim estone r a f t  in  m etagabbro 65

22. Bedding in  m etalim estone r a f t . 65

23. F o ld in g  in  m ic a -sc h is t  r a f t . 66

24. Psamm itic r a f t  in  m etagabbro. 67



25. F e ld sp a r  p o rp h y ro b la s ts and q u a r tz o - fe ld s p a th ic  v e in s . 67

26 . X e n o lith s  in  m etagabbro. 69

27. X en o lith s  in  m etagabbro. 69

28. E a rly  d i o r i t e  bands in  m etagabbro. 71

29. E a rly  d i o r i t e  v e in s  in  m etagabbro. 71

30. S heared  e a r ly  d i o r i t e  bands. 71

31. E a r ly  d i o r i t e  bands in  m etagabbro. 71

32. D iffu se  f e ld s p a th iz a t io n  o f m etagabbro. 72

33. Dense f e ld s p a th iz a t io n  o f m etagabbro. 72

34. A m p h ib o liza tio n  o f m etagabbro by p e g m a tite . 75

35. S heared  e a r ly  d i o r i t e  and m etagabbro. 78

36. Boudinéd t r o c t o l i t e . 78

37. T r o c to l i t e  boudins in  sh eared  m etagabbro. 78

38. H ydrotherm al v e in . 81

39. L fylonite in  m etagabbro . 82

40. N o rth ern  c o n ta c t  o f H avnef j  o rd  d i o r i t e . 85

4L. F I f o ld s  and F2 f o ld s . 89

4 2 . M ob ilized  h o rn fe ls e s . 91

43. N e t-v e in in g  in  H avnefj ord  d io r i t e 91

44. M eta lim estone r a f t  in  Havnef j  ord d io r i t e 92

45. Folded c a l c - s i l i c a t e  bands in  m etalim estone 92

46. P e l i t i c  bands in  m eta lim estone . 92

47. Folded  c a l c - s i l i c a t e  bands in  m eta lim estone . 92

48. C a lc - s i l i c a t e  bands d is ru p te d  by m etalim e s t  one. 93

49. M etasedim entary  x e n o li th s  becoming a s s im ila te d  by 
H avnefjo rd  d i o r i t e . 93



50* C o n tac t o f l a t e  pyr oxene-m ic a -d io r  i t e  w ith  Havnef j ord 95
d i o r i t e .

51. C on tac t o f l a t e  p y ro x e n e -m ic a -d io rite  w ith  Havnef j  ord 96
d i o r i t e .

52 . C o n tac t o f l a t e  p y ro x e n e -m ic a -d io rite  w ith  Havnef j  ord  96
d i o r i t e .

53* B locks o f Havnef j  o rd  d i o r i t e  in  l a t e  pyroxene-m ica- 96
d i o r i t e .

54. H o m fe ls  en c lav e  in  l a t e  d i o r i t e .  97

55. B locks o f m etagabbro in  l a t e  d i o r i t e .  97

56 . X en o lith s  in  l a t e  d io r i t e . .  98

57. X en o lith s  in  l a t e  d i o r i t e  98

58. G a m e t- r ic h  q u a r t z - d io r i t e .  99

59.  M etased im entary  b lock  in  g a m e t - r ic h  q u a r t  z -d io r  i t e .  99

60 . G arn e t-p o o r q u a r t z - d io r i t e  101

61 .  M etasedim entary  b lo ck s  in  g a m e t-p o o r  q u a r t  z -d io r  i t e .  101

62 . F e ld s p a th iz a t io n  a d ja c e n t to  g a m e t-p o o r  q u a r t z -d io r  i t e .  101

63 . M etasedim entary  b lo ck s  in  f  e ld s p a th i  zed m etagabbro. 102

64 . M etasedim entary  b lo ck s  in  f e ld s p a th iz e d  m etagabbro. 102

65 . X en o lith s  in  Komagfjord d i o r i t e .  IO3

66. M igm atite  r a f t  in  K obberf j  ord  nor i t e .  105

67 .  Psammite x e n o l i th s  in  K obberf j  ord  n o r i t e .  105

68. Psammite s l i v e r s  in  K obberf j  o rd  n o r i t e .  106

69 .- Psam m itic and b a s ic  x e n o l i th s  in  Kobberf j  ord n o r i t e .  106

7 0 . X en o lith s  becoming a s s im ila te d  by K obberf j  ord n o r i t e .  106

71. Fragm ented x e n o li th s  in  Kobberf j  o rd  n o r i t e .  106

7 2 . Fragm ented x e n o lith s  in  Kobberf j  o rd  n o r i t e .  107



73» Fragm ented psammite b lo ck  in  K obberfj ord n o r i t e .  107

74* Mixed x e n o l i th s  in  V atna gabbro . 110

75 . F e ld sp a th ic  f a c i e s  o f V atna gabbro . I l l

76. O re -sh o o ts  in  V atna gabbro . H I

77. P e r th o s i te  v e in s  in  m etagabbro. 134

78. Mixed x e n o l i th s  in  p e r th o s i t e .  I 36

79. P o rp h y r i t ic  dyke x e n o l i th  in  p e r th o s i te  I 36

8 0 . M etagabbro r a f t  in  p e r th o s i t e .  137

81 . M etagabbro n e t-v e in e d  by p e r th o s i t e .  I 38

82 .  R e l ic t  pseudo-dykes in  p e r th o s i te  I 38

83 . R e l ic t  p o rp h y r i t ic  dyke in  p e r th o s i t e .  139

84 .  R e l i c t  dyke c o n ta c ts  in  p e r th o s i te  I 40

85 . R e l ic t  dyke c o n ta c ts  in  : p e r th o s i te  140

86. P e r id o t i t e  r a f t  i n  p e r th o s i t e .  14O

87. M etagabbro x e n o l i th  in  p e r th o s i t e .  148

88. Coarse p e r th o s i te  in  c a v i ty .  148

89 . B asic  dykes c u t t in g  p e r t h o s i t e .  150

90 .  X en o lith s  in  o l iv in e  leu co g ab b ro . 150

91 .  M argin o f dyke in  o l iv in e  leu co g ab b ro . 150

92 . B asic  dykes in  Vatna gabbro . 151

93» U ltra b a s ic  dyke in  V atna gabbro. 151

94. B asic  dyke emplaced along  a  s h e a r .  152

95. B asic  dyke o f f s e t  by sm all dexfcral sh e a r . 152

96 .  M ylonite  and sh eared  n e p h e lin e -sy e n ite  p eg m atite . 154»

9 7 . P a r t i a l l y  sh ea red  n e p h b lin e -sy e n ite  p eg m atite . 154



98. Augen in  sh eared  n e p h e lin e -s y e n ite  p eg m a tite . 154

99. Pyroxene a l t e r in g  to  secondary  h o rn b len d e . 156

100. S c h i l l e r  s t r u c tu r e . 158

101. A c t i n o l i t i c  f a c ie s  o f m etagabbro. 158

102. D ia b la s t ic  t e x tu r e  in  secondary  h o rn b len d e . 163

103. In c lu s io n s  in  p la g io c la s e  p o rp h y ro b la s ts . 163

104. E xpansion c ra ck s  around a l te r e d  o l iv in e . 165

105. Ore n e e d le s  in  b i o t i t e . 165

106. V erm icu lar b i o t i t e  and m yrm ekite. 168

107. D a c ty l i t i c  orthopyroxene and m yrm ekite. 168

108. R e l ic t  e a r ly  d i o r i t e  m argin . 171

109. O rig in a l e a r ly  d i o r i t e  m argin . 171

110. E x so lu tio n  la m e lla e  and b le b s  o f o re . 172

111. P o ik i lo b la s t i c  b i o t i t e . 172

112. R e l ic t  d i a b l a s t i c  h o rn b len d e . 172

113. Sphene in  a c t i n o l i t i c  m etasom atic v e in . 174

114. H ornblende r e c r y s t a l l i z e d  t o  a c t i n o l i t e . 174

115. H ornblende w ith  g ra n u la te d  m arg in s . 175

116. In c lu s io n s  in  p la g io c la s e . 175

117. F e ld sp a r  w ith  g ra n u la te d  m argin. 175

118. Edge o f in te n s e  m y lon ite  xone. 175

119. G arnet porphyr o b la s t . 180

120. F i b r o l i t e  a long  g ra in  b o u n d aries . 180

121 . F i b r o l i t e  n u c le a tin g  on g a rn e t 181

122. I d io b la s t i c  and h y p id io b la s t ic  s i l l im a n i t e . 181



123. Ore enve lo p in g  p la g io c la s e  g r a in s . 181

124. Xenomorphic te x tu r e  o f H avnefjo rd  d i o r i t e . 183

125. F lex ed  b i o t i t e . 184

126 . P o ik i lo b la s t i c  b i o t i t e . 184

127. Deformed p la g io c la s e . 184

128. H o rn fe lsed  H av n efjo rd  d i o r i t e . 184

129. A c t in o l i te  c ro s s in g  m etasom atic v e in  c o n ta c t . 186

130. Xenomorphic te x tu r e  o f h y b r id . 186

131. D ecussate  ragged  ore l a t h s . 189

132. R a d ia tin g  r e l i c t  k y a n ite  w ith in  g a rn e t . 189

133. F i b r o l i t e  pseudomorphing g a r n e t , . 190

134. B i o t i t e - f i b r o l i t e - o r e  k n o ts . 190

135. G arnet a l t e r in g  to  f i b r o l i t e  and b io t i t e . . 190

136. G arnet a l t e r e d  to  f i b r o l i t e  and b i o t i t e . 190

137. Corundum in  p e l i t i c  h o r n fe ls . 190

138. M argin o f p e r t h i t e  p o rp h y ro b la s t. 190

139. P o ik i lo b la s t i c  ' h y p e rs th e n e . 193

140. R e l ic t  g ra n u la r  h o r n fe ls ic  t e x tu r e . 193

141. P o ik i lo b la s t i c  h y p e rs th en e . 193

142. O p h ito b la s tic  te x tu r e  o f h o r n f e ls . 193

143. O p h ito b la s tic  te x tu re  o f h o r n f e l s . 193

144. D ia b a so b la s tic  te x tu r e  o f h o rn fe ls . 193

145. V erm icu lar p la g io c la s e . 193

146. K yanite  a l t e r in g  to  s i l l im a n i t e . 194

147. P o ik i lo b la s t ic  o rthopyroxene. 194



148* D ecussate  ragged  ore l a t h s .  195

149 . I n t e r s t i t i a l  and v e rm ic u la r  q u a r tz .  195

150 . D iffu se  v e rm ic u la r  p a tc h e s  in  p la g io c la s e .  195

151 . V erm icu lar q u a r tz  in  p la g io c la s e .  195

152 . P la g io c la s e  porphyr ob i a s t  s . 195

153. D is ru p tio n  o f g ra n u la r  h o r n fe ls .  195

154  ̂ T ex tu re  of co a rse  p y ro x e n e -m ic a -d io r i te .  197

155. H ypersthene a l t e r in g  t o  b i o t i t e .  197

156 .  B io t i t e  a l t e r in g  to  f i b r o l i t e  and o re .  200

157. F e ld sp a r  p o rp h y ro b la s t in  h o r n fe ls .  200

156. S p in e l g ra in s  in  h o m f e ls .  201

159. D issem inated  s p in e l  g ra in s  in  h o r n f e ls .  201

160. P o ik i lo b la s t i c  hyper s th e n e . 202

161. P y ro x en e -p la g io c la se  s y m p le c ti te .  203

162 . P y ro x e n e -p lag io c la se  s y m p le c ti te .  203

163. V erm icu lar ' pyroxene in  a n t i p e r th i t e .  204

164.  Development o f ssn n p lec tite  from hyper s th e n e . 204

165.  ly ro x e n e -p la g io c la s e  s y m p le c ti te . 204

166. B io t i t e  overgrow ing pyroxene sy m p le c ti te .  206

167. V erm icular ore in  d io r  i t  e -h y p er s th e n e  . 206

168.  Ore in c lu s io n s  in  d i  o r i t  e -hyper s th e n e . 206

169.. V erm icu lar ore in  h o rn fe ls -h y p e rs th e n e . 207

170. Ore in c lu s io n s  in  d io r i te -h y p e r s th e n e .  207

171. J o in  betw een d io r  i te -h y p e r  s th en e  and h o rn fe ls -h y p e r  s th en e . 207

172. Double co ronas around o re . 208



173. G arnet rimming hyper s th e n e . 209

174. G arnet corona around b i o t i t e . 209

175. G arnet rimming b i o t i t e ,  h y p e rs th e n e , o re , and s p in e l . 210

176. T ex tu re  of g a r n e t - r ic h  q u a r t z - d io r i t e . 211

177. T ex tu re  o f g a rn e t-p o o r  q u a r t z - d io r i t e . 213

178. Sphene pseudomorphed by leucoxene.. 217

179. Twinned sphene pseudomorphed by leu co x en e . 217

180. Hyp e rs th e n e  a l t e r in g  t o  b i o t i t e . 222

181. Coronas around s p in e l  g r a in s . 224

182. G arnet en v e lo p in g  h y p e rs th en e . 224

183. G arnet corona around h y p ersth en e .. 22^

184. G arnet corona around h y p e rs th en e . 225

185. G arnet rimming h y p e r s th e n e - b io t i te -q u a r tz . 225

186. G arnet overgrow ing b i o t i t e . 226

187. G arnet overgrow ing b i o t i t e . 226

188. V erm icular g a rn e t overgrow ing v e rm ic u la r  b i o t i t e . 226

189. V erm icu lar g a rn e t overgrow ing v e rm ic u la r  b i o t i t e . 226

190. H ypersthene in c lu s io n s  in  g a rn e t p o rp h y ro b la s t. 228

191. S tra in e d  and fragm ented  s i l l im a n i t e . 228

192. T ex tu re  o f V atna gabbro . 231

193. T ex tu re  o f a u to l i th . . 231

194. F lu x io n  s t r u c tu r e  o f a u t o l i t h . 231

195. M argin o f a u to l i t h . 232

196. Swapp ed rim s in  a n t i p e r th i t e . 233

197. T ex tu re  o f o re - s h o o t . 234

198. Coronas around m in e ra ls  dh o re -sh o o ts . 234

y



199. O phitic  te x tu r e  o f c o a rse  o l iv in e  gabbro a t  S lS tte n . 237

200. T ex tu re  o f e a r ly  p o rp h y r i t ic  am p h ib o lite  dyke. 239

201. R e c ry s ta l l iz e d  p la g io c la s e  p h e n o c ry s t. 239

202. H aloes around m afic in c lu s io n s  in  p h e n o c ry s t. 240

203. T ex tu re  o f p e r th o s i t e . 240

204. I n te r lo c k in g  g ra in  b o u n d a rie s  in  p e r th o s i t e . 24L

205. Development o f swapped rim s in  p e r th o s i t e . 241

206. N o n -p e r th i t ic  h a lo e s  around in c lu s io n s  in  p e r th o s i te . 241

207. H ypersthene be in g  pseudomorphed by id d in g s i te . 242

208. V erm icu lar pyroxene in  p la g io c la s e 242

209. O p h itic  te x tu r e  o f l a t e  b a s ic  dyke. 243

210. C linopyroxene a l t e r in g  to  h o rnb lende . 243

211. S c h i l l e r  ore  in  c lin o p y ro x en e . 243

212. O rthopyroxene rimming id d in g s i te . 243

213. Zoned p la g io c la s e  p h en o c ry s t. 243

214. H aloes around b i o t i t e  in c lu s io n s . 243

215. N epheline in  m o rta r te x tu re .. 245

216. M ortar te x tu r e  in  n e p h e lin e -s y e n ite  p eg m atite . 245

217. Augened f e ld s p a r . 245

218. G ran u la tio n  a long  c ra ck s  in  f e ld s p a r  augen . 245

219. Augened and s e r i c i t i z e d  n e p h e lin e . 245

220. Lfy 'lonitized m afic m in e ra ls . 245

221. T ension c rack s  in  hornb lende augen . 245

222. D ia d y s it ic  m ig m atite . 286

223. A g m atitic  m igm atite . 287

224. A gm atitic  m ig m atite . 287



225. Psammite b lo c k s  in  m ig m atite . 287

226 . Psammite b lo c k s  in  m ig m a tite . 287

227. D isc o rd a n t r e l a t io n s h ip s  o f m ig m atite . 287

228. J o in t s  in  psam m ites. 287

229. J o in t s  a f f e c t in g  f e ld s p a th ic  v e in s . 287

230. G a rn e tife ro u s  s e m i - p e l i t i c  band. 287

231. Augened g a r n e ts . 288

232. A m phibo lite  v e in e d  by m o b ilized  m ig m atite . 290

233. A m phibo lite  v e in e d  by m o b iliz ed  m ig m a tite . 290

234. A m phibo lite  v e in e d  by m o b ilized  m ig m a tite . 290

235. Macro p o in t  co u n tin g  equipm ent. 33L

236. Macro p o in t  co u n tin g  e q u ip n e n t. 331



LIST OF TEXT FIGUHES

A fte r  DSLffe

1 . Map o f Norway showing lo c a t io n  of S / r / y . 2

2. Map o f 8 / r / y  showing H u s f jo rd  a re a . 2

3. Map o f West Finnm ark -  N orth  Troms p é t r o g ra p h ie .p ro v in c e . 5

4. Map o f g ab b ro ic  and d i o r i t i c  ro ck s  o f S /^r/y . 10

5. C o r r e la t io n  o f s t r a t i g r a p h ie  s u c c e s s io n s . 28

6 . S tereogram  o f e a r ly  d i o r i t e  bands. 40

7 . S tereogram  o f sh ea r-z o n e s  and m y lo n ite s . 40

8 . Map of b e l t  s t r a t ig r a p h y  o f S/6r/5y. 4L

9. R e c o n s tru c tio n  o f s t r u c tu r e  o f S;6r/y. 42

10. R e c o n s tru c tio n  o f s t r u c tu r e  o f S / r / y . 43

11. S tereogram  o f j o i n t s  in  m etagabbro. 63

12. F ie ld  sk e tc h e s  o f e a r ly  d i o r i t e  bands. 71

13. Emplacement o f H u sfjo rd  m etagabbro and H avnefjo rd  d i o r i t e . 118

14. Emp lacem en t mechanism o f H av n efjo rd  d i o r i t e . 126

15. Sequence o f b a s ic  dyke em placem ent. 153

16. T r ia n g u la r  p e t r o lo g ic a l  d iagram  f o r  n o r i t e - d i o r i t e  s e r i e s . 248

17. T r ia n g u la r  p e t r o lo g ic a l  diagram  f o r  n o r i t e - d i o r i t e  s e r i e s . 248

18. T r ia n g u la r  p e t r o lo g ic a l  diagram  f o r  n o r i t e - d i o r i t e  s e r i e s . 248

19. T r ia n g u la r  p e t r o lo g ic a l  diagram  f o r  n o r i t e - d i o r i t e  s e r i e s . 248

20. L a rsen  diagram  f o r  n o r i t e - d i o r i t e  s e r i e s . 249

21. L arsen  diagram  f o r  n o r i t e - d i o r i t e  s e r i e s . 249

22. H arker diagram  f o r  n o r i t e - d i o r i t e  s e r i e s . 250

23. T e tra h e d ra l  diagram  o f N ig g li  v a lu e s  f o r  n o r i t e - d i o r i t e  
s e r i e s .

250



24* T r ia n g u la r  diagram  of GIPW norms f o r  n o r i t e - d i o r i t e  s e r ie s*  252

25. L a rsen  diagram  f o r  p e r th o s i t e s .  252

26 . T r ia n g u la r  d iagram  f o r  c o e x is t in g  f e ld s p a r s  in  d i o r i t e  253
s e r i e s .

27. T r ia n g u la r  d iagram  of no rm ative  f e ld s p a r s  in  d i o r i t e  253
s e r i e s .

28. Graph o f d i s t r i b u t i o n  c o e f f i c i e n t  in  c o e x is t in g  f e ld s p a r s  253 
in  d i o r i t e  s e r i e s .

29. Graph o f d i s t r i b u t i o n  c o e f f i c i e n t  in  c o e x is tin g  f e ld s p a r s  255
in  d i o r i t e  s e r i e s .

30. Graph o f d i s t r i b u t i o n  c o e f f i c i e n t  in  c o e x is t in g  f e ld s p a r s  255
in  d i o r i t e  s e r i e s .

31. Graph o f d i s t r i b u t i o n  c o e f f i c i e n t  in  c o e x is t in g  f e ld s p a r s  255
in  d i o r i t e  s e r i e s .

32. Graph o f t r a c e  elem ent d a ta  f o r  c o e x is t in g  f e ld s p a r s  in  257
d i o r i t e  s e r ie s ..

33 . Graph of t r a c e  elem ent d a ta  f o r  c o e x is t in g  f e ld s p a r s  in  257
d i o r i t e  s e r i e s .

34 . Graph o f t r a c e  elem ent d a ta  f o r  c o e x is t in g  f e ld s p a r s  in  257
d i o r i t e  s e r i e s .

35. Graph o f t r a c e  elem ent and m ajor elem ent d a te  f o r  259
c o e x is tin g  f e ld s p a r s  in  d i o r i t e  s e r i e s .

36. Graph o f t r a c e  elem ent and m ajor e lem ent d a ta  f o r  259
c o e x is t in g  f e ld s p a r s  in  d i o r i t e  s e r i e s .

37. Graph o f t r a c e  elem ent and m ajor e lem en t d a ta  f o r  259
c o e x is tin g  f e ld s p a r s  in  d i o r i t e  s e r i e s .

38. Graph o f t r a c e  e lem en t and m ajor e lem ent d a ta  fo r  259
c o e x is t in g  f e ld s p a r s  in  d i o r i t e  s e r i e s .

39. Graph o f t r a c e  elem ent and m ajor elem ent d a ta  f o r  259
c o e x is t in g  f e ld s p a r s  in  d i o r i t e  s e r i e s .

40. Graph o f  t r a c e  elem ent and m ajor elem ent d a ta  f o r  259
c o e x is t in g  f e ld s p a r s  in  d i o r i t e  s e r i e s .

41. Graph o f t r a c e  elem ent and m ajor elem ent d a ta  f o r  259
c o e x is tin g  f e ld s p a r s  in  d i o r i t e  s e r i e s .

/



42. Summary of m etam orphic, t e c to n i c ,  and igneous ev en ts  278 
in  th e  H u s fjo rd  a re a .

43. S t a b i l i t y  f i e l d s  o f M g -c o rd ie r i te . 306

MAP

GEOLOGICAL MAP OF THE HUSFJORD AREA, S0R0I -  in  s e p a ra te  f o ld e r .



LIST OF TABLES

1 . Modal a n a ly s e s  o f H u s fjo rd  m etagabbro .

A fte r  naee 

156

2. Modal a n a ly se s  o f e a r ly  d i o r i t e s . 167

3. Modal a n a ly s e s  o f H av n efjo rd  d i o r i t e . 183

4. Modal a n a ly s e s  o f p y ro x e n e -m ic a -d io r ite s . 197

5. Modal a n a ly se s  o f g a m e t - r i c h  q u a r t  z - d i o r i t e s . 211

6 . Modal a n a ly se s  o f g a m e t-p o o r  q u a r t  z - d i o r i t e s . 213

7 . Modal a n a ly s e s  o f Komagfjord d i o r i t e . 218

8. Modal a n a ly se s  o f K o b b erfjo rd  n o r i t e » 222

9 . Modal a n a ly se s  o f V atna g ab b ro . 231

10. Modal a n a ly se s  o f p e r th o s i t e s . 240

11. M in era ls  in  l a t e  b a s ic  dykes. 244

12. Chemical a n a ly se s  o f H u s fjo rd  m etagabbro and h y b r id s . 247

13. Chemical a n a ly s e s  o f  n o r i t e  and d i o r i t e s . 247

14. Chem ical a n a ly se s  o f q u a r t z - d io r i t e s . 247

15. Chem ical a n a ly se s  o f m isc e lla n e o u s  ro c k s . 247

16. Chem ical a n a ly se s  o f m isc e lla n e o u s  ro c k s . 247

17. Chemical a n a ly s e s  o f f e ld s p a r s  in  d i o r i t e s . 247

18. Chemical a n a ly s e s  o f f e ld s p a r s  in  m isce lla n eo u s  ro c k s . 247

19. F e ld sp a r  te m p e ra tu re s . 254

20. Summary o f t r a c e  elem ent t re n d s  in  f e ld s p a r s . 257

21. Summary o f t r a c e  elem ent t re n d s  in  f e ld s p a r s . 261

22. Chemical a n a ly se s  o f c o r d i e r i t e s  from  h o rn fe ls e s . 307



PART I
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REGIONAL GEOLOGY



P l a te  1 .  Panoram a o f  th e  c e n t r a l  p a r t  o f  th e  H u s f jo rd  a r e a .  
The m oun ta in s a ro u n d  th e  f j o r d  c o n s i s t  o f  H u s f jo rd  m e tagabb ro ; 
t h e  h ig h  g round  o f  V a t n a f je l d  a n d  H a m e f jo r d f  j e l d  a r e  o f  
B a v n e f jo rd  d i o r i t e ;  V atna  ga b b ro  o c c u p ie s  th e  p e n in s u la s  a t  
V atnhavn .



INTRODUCTION AND REGIONAL GEOLOGY

INTRODUCTION

S / r / y  i s  an i s la n d  n e a r  th e  town o f Hammerfest (L a t. 70° 35» N ., 

Long. 23° ^0* E .)  which i s  in  F innm ark, N o rth ern  Norway, (F ig . l ) .

The i s la n d  i s  abou t 60 km. i n  l e n g th ,  and abou t 30 km. in  w id th  a c ro ss  

i t s  w id e s t p a r t ,  and i s  e lo n g a te d  in  a  N.E. -  8.W. d i r e c t io n .  The c o a s t

l i n e  i s  h ig h ly  in d en te d  by numerous f jo r d s  which g iv e  th e  i s la n d  a r a th e r  

s t e l l a t e d  sh ap e .

T o p o g ra p h ic a lly , th e  i s la n d  form s a  p la te a u ,  on average about 

300 -  4-00 m. above s e a r- le v e l, r i s i n g  to  over 600 m. in  th e  s o u th -e a s t  

where th e  m ountains s lo p e  s te e p ly  down t o  th e  se a . E lsew here in  th e  

i s la n d ,  th e  c o a s t l in e  i s  c h a r a c te r iz e d  by f la t - to p p e d  head lands which 

p re s e n t  s te e p  or v e r t i c a l  c l i f f s  t o  th e  sea .

H u sfjo rd  i s  on th e  s o u th -e a s t  o f S/$r/y and i s  surrounded  by h ig h , 

s te e p - s id e d  m ountains w ith  craggy  sum m its, cu lm in a tin g  in  V a tn a f je ld ,

653 m ., th e  h ig h e s t  p o in t  o f 8 / r / y .  Away from H u sfjo rd , th e  m ountains 

have a more f la t - to p p e d  appearance and r a p id ly  drop down to  th e  le v e l  

of th e  p la te a u .  Along t h i s  p a r t  of th e  c o a s t ,  th e  f jo r d s  a re  len g th y , 

narrow , and c lo s e ly  spaced , le a v in g  lo n g , h ig h , and a r e t e - l i k e  headlands 

betw een them . S e ttle m e n ts  a re  s p a rs e , th e  l a r g e s t  being  Gashopen, & 

mere h an d fu l o f c o t ta g e s ;  o th e rs  a re  V atna, and H u sfjo rd .

The a re a  mapped by th e  a u th o r  o ccu p ies  app rox im ate ly  100 sq . km. and 

s t r e t c h e s  from jfy f jo rd  in  th e  so u th -w est to  8 1 e tn e s f  jo rd  in  th e  n o rth 

e a s t  (F ig . 2 ) .  The mapping was c a r r ie d  ou t d u rin g  th e  summers o f 19&4,
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1965, and 1966. A e r ia l  pho tog raphs were used  a s  a  base f o r  mapping, 

and from  th e s e  th e  f i n a l  map was c o n s tru c te d  (w ith  a  s c a le  o f approx

im a te ly  1 : 1 5 ,0 0 0 ).

REGIONAL GEOLOGY 

G eneral

The H u sfjo rd  a re a  com prises  an igneous complex, m ainly o f gabbros 

and d i o r i t e s  o f v a ry in g  ages w hich have a co m p lica ted  s t r u c tu r a l  and 

metamo rp h ie  h i s to r y .  The in t r u s io n  o f th e se  b o d ies  and t h e i r  subsequent 

defo rm atio n  and a l t e r a t i o n  a re  a s s o c ia te d  w ith  e v e n ts  t h a t  occu rred  

du rin g  th e  C aledon ian  orogeny. They form th e  no rthernm ost p a r t  o f th e  

West Finnm ark -  N orth Troms b a s ic  and u l t r a b a s ic  p é tro g ra p h ie  p ro v in ce , 

which ex ten d s  from  th e  Lyngen p e n in su la  i n  th e  so u th  to  S/r/t$y in  th e  

n o r th .

The H u sfjo rd  gabbro complex has been in tru d e d  in to  Eocambrian 

m etasedim ents w hich c o n s t i tu t e  th e  m ajor p a r t  o f S/r/5y. D e ta ile d  mapping 

of th e se  m etased im en ts  was begun by B. A, S tu r t  and D. M. Ramsay in  

1959, th e  o n ly  p re v io u s  work on S / r /y  be ing  th a t  o f P e te rse n  (1868, 1883) 

who surveyed th e  i s la n d  and drew a g e n e ra liz e d  c ro s s - s e c t io n  through 

i t .  Ramsay and S tu r t  ( I 963 ) have d e sc rib e d  th e  low er p a r t  of the  

su c c e ss io n  in  n o r th e rn  and w e s te rn  S / r / y ,  to  which th e  upper p a r t  has 

been added by D. R o b erts  ( I 965) ,  who mapped most o f th e  n o r th -e a s te rn  

p a r t  o f th e  i s l a n d .

Most o f S / r / y  c o n s is t s  o f a  sequence o f psam m ites, p e l i t e s ,  and 

m e ta -lim e s to n es  which have undergone complex fo ld in g  and metamorphism



(Ramsay and S t u r t ,  1963; R o b e r ts , 1965; S tu r t  and Ramsay, I 965) .  The 

m etased im en ts  o f S / r / y  a re  a  p a r t  o f th e  main eocam brian su ccess io n  of 

West F innm ark, and l i e  w ith in  th e  Norwegian C aledon ides. In  Finnmark, 

th e  C aled o n id es  form  two m ain d iv i s io n s ;  in  n o r th - e a s te rn  Finnmark the  

Eocam brian sed im en ts  a re  u n a l te r e d  or on ly  s l i g h t l y  a l t e r e d ,  w hereas 

in  W estern  Finnm ark th e  Eocam brian and C am bro -S ilu rian  sed im ents a re  

more s tro n g ly  m etamorphosed and g r a n i t i z e d .  Both d iv is io n s  have been 

t h r u s t  tow ards th e  s o u th -e a s t  over th e  Pre-E ocam brian A rchaean basement 

o f  th e  B a l t ic  S h ie ld  (se e  H o lte d a h l, 194/*) •

The m ain C aledon ian  t h r u s t - f r o n t  l i e s  abou t 100 km, s o u th -e a s t  of 

S / r / y .  In  so u th  w es te rn  F innm ark, th e  highly-m etam orphosed d iv is io n  

h as been  t h r u s t  over au to ch th o n o u s Cambrian which r e s t s  on th e  peneplaned 

A rchaean basem ent. Towards th e  n o r th - e a s t ,  th e  h ig h ly  metamorphosed 

d iv i s io n  r e s t s  w ith  a t e c to n ic  c o n ta c t  upon th e  u n a lte re d  Eocambrian ro ck s , 

w hich in  tu r n  a re  t h r u s t  a s  a nappe over au toch thonous Cambrian, In  

e a s te r n  F innm ark, th e  unmetamorphosed Eocam brian and Lower P a laeo zo ic  

sed im en ts  a re  in  an au to ch th o n o u s p o s i t io n  d i r e c t l y  above th e  Archaean 

basem ent (Crow der, 1959* R eading , 1965)* The te c to n ic  r e la t io n s h ip s  

betw een th e s e  au thoch thonous unmetamorphosed Eocambrian ro ck s  o f e a s te rn  

Finnm ark and th e  a llo c h th o n o u s  unmetamorphosed Eocambrian ro ck s  a sh o rt 

way to  th e  so u th -w est i s  n o t y e t  f u l l y  known, b u t th e  th r u s t  appears to  

d ie  away to  th e  n o r th - e a s t .  The th r u s t - p la n e ,  which d ip s  g e n tly  to  th e  

w est and n o r th -w e s t,  c u ts  a n t i c l i n e s  in  th e  authochthonous Cambrian, 

and i s  th u s  known to  p o s t- d a te  th e  fo ld in g  which caused buck ling  in  th e  

basem ent.



The P re-E ocam brian  geo logy  o f West Finnmark has been d esc rib ed  

by Holmsen e t  a l i a  (1 9 5 7 ), and a  g e n e ra l accoun t o f th e  Pre-Eocam brian 

o f E a s t F innm ark i s  g iv en  by Bugge in  "Geology o f Norway" (Ed: H o lted ah l, 

i 960 ) .  T h is  l a t t e r  p u b l ic a t io n  a ls o  c o n ta in s  a  t e n t a t i v e  c o r r e la t io n  

o f a l l  th e  P re-E ocam brian  ro c k s  o f Finnm ark by Re i t  an .

P re-E ocam brian  ro ck s  o u tc ro p  in  two la rg e  te c to n ic  windows in  

W est F innm ark, 30 -  70 km. so u th  and s o u th -e a s t  o f S/5r/Sy. The so u th e rn  

window s t r e t c h e s  from  Kvaenangen in  th e  so u th -w est to  A l ta f jo r d  in  th e  

n o r th - e a s t ;  th e  n o r th e rn  window o ccu p ies  th e  ground between Komagfjord 

and R epparf j  o rd  and has been d e s c r ib e d  by S tran d  (1952) and R e ita n  

(1963) .  In  th e s e  windows, a  sequence o f b a s a l t i c  p i l lo w - la v a s ,  t u f f s ,  

carbonaceous s c h i s t s ,  d o lo m ite s , and q u a r tz i te s  have been in tru d e d  in to  

by le n s e s  o f gabbro and s e r p e n t i n i t e , and have been s l i g h t l y  metamorphosed 

t o  th e  h ig h  g re e n s c h is t  f a c i e s  on e p id o te  am p h ib o lite  f a c ie s .  T his 

s u i t e  o f ro c k s  i s  known as  th e  R aipas fo rm a tio n . For a g e n e ra l account 

o f th e  geo logy  of Finnm ark th e  r e a d e r  i s  r e f e r r e d  to  H o lted ah l ( I 918) , 

and S tra n d  in  "G eology o f Norway" (Ed: H o lte d a h l, I9 6 0 ) .

The West Finqm ark -  N orth Troms P é tro g ra p h ie  P rov ince

The West Finnm ark -  N orth  Troms b a s ic  and u l t r a b a s ic  p é tro g rap h ie  

p ro v in c e  has a C a ledon ian  t r e n d ,  and ex ten d s from th e  Lyngen P en in su la  

in  th e  South  to  th e  i s la n d s  o f S/Sr;6y, S e ila n d , and S t j  ernx5y in  th e  n o r th . 

The m ain land  d i s t r i c t s  o f Loppen and j0ksf jo rd  to  th e  sou th  o f S tje rn ^ y

f a l l  w i th in  th e  p ro v in c e  (F ig . 3 ) .

Many o f th e s e  b a s ic  and u l t r a b a s ic  bo d ies  a re  banded, and o f te n
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resem b le  in  many ways th e  c l a s s i c  exam ples of S k aerg aa rd , S t i l lw a te r ,  

B ushveld , F reetow n Complex S ie r r a  Leone, and Rhum, d e sc rib e d  p r in c ip a l ly  

by Wager and Deer (1 9 3 9 ), Hess ( i 960) ,  Daly (1928) ,  W ells (1962), and 

Brown (1956 ) and Wadsworth (1961) r e s p e c t iv e ly .  A lthough th e  Norwegian 

exam ples have many s i m i l a r i t i e s  w ith  th e s e  o th e r  b o d ie s , th ey  occur 

in  a r a t h e r  d i f f e r e n t  t e c to n ic  env ironm en t. The l a t t e r  a re  co n s id e red  

to  have forraed in  s ta b le  te c to n ic  c o n d it io n s ,  w hereas th e  Norwegian bo d ies  

occur a lo n g  th e  c e n t r a l  zone of th e  C aledonian  o rogen ic  b e l t  and a re  

b e l ie v e d  to  have been em placed d u rin g  th e  o rogeny.

The Lyngen gabbro  h as  been d e sc r ib e d  by R an d a ll (1959) a s  a 

h y p e rs th e n e  — gabbro which shows igneous la y e r in g  in  most p la c e s .

T h is  la y e r in g  i s  fo ld e d  and f a u l te d ,  and n a p p e - lik e  s t in c tu r e s  a re  some

tim e s  form ed, b u t th e  la y e r s  appear to  p e te r  o u t ‘a long  t h e i r  s t r i k e .

The c o n ta c ts  o f th e  gabbro a re  d e s c r ib e d  as  being  t e c to n ic ,  and R andall 

deduces t h a t  th e  gabbro was f a u l te d  in to  p la ce  in  a s o l id  s t a t e .

A p re l im in a ry  acco u n t o f th e  Loppen d i s t r i c t  has been g iven  by 

B a ll  e t  a l i a  ( I 963 ) .  T h is  a re a  c o n ta in s  some gabbros, p r in c ip a l ly  

h y p e rs th e n e  gabbro  s h e e ts ,  which in  p la c e s  e x h ib i t  banding which i s  

i n t e r p r e t e d  a s  be in g  of igneous o r ig in .  The gabbros commonly co n ta in  

numerous m etased im en tary  in c lu s io n s ,  th e  sm a lle r  ones o f which have been 

d i s o r i e n t a t e d  and m o b iliz ed  by th e  g ab b ro ic  magma. There i s  good 

ev id en ce  t h a t  th e  magma was v e ry  f l u i d  and th a t  i t  p e n e tra te d  and re a c te d  

w ith  th e  w e ll  s t r a t i f i e d  co u n try  ro c k s .

K rauskopf (1954) h as mapped th e  la y e re d  gabbros and u l t r a b a s ic  

ro c k s  o f th e  jS k sfjo rd  a r e a .  Here th e  l a y e r s  form a broad b a s in  opening 

no rth w ard s w ith  la y e r s  on th e  w este rn  m argin be ing  o v ertu rn ed . Many



l a y e r s  have c r o s s - c u t t in g  r e l a t io n s h ip s  and a re  fo ld e d  and f a u l te d .

In  c e r t a i n  h o r iz o n s  w ith in  th e  gabbros th e re  a re  s e v e ra l  sm all le n se s  

of m e ta lirae s to n e  w hich l i e  in  th e  p lan e  o f th e  banding in  th e  gabbros. 

K rauskopf c o n s id e rs  t h a t  th e  m ost l i k e l y  e x p la n a tio n  of th e  la y e r in g  

i s  t h a t  th e  gabbros a re  a p ro d u c t o f extrem e metamorphism of a  sequence 

o f l a v a s ,  t u f f s ,  and sed im en ts . He invokes a  p ro c e ss  o f metamorphic 

d i f f e r e n t i a t i o n  in  a d d i t io n  t o  acco u n t f o r  th e  fo rm a tio n  o f some of th e  

u l t r a b a s i c  l a y e r s .  Sm all m asses o f s t r u c tu r e le s s  gabbro and o f u l t r a -  

b a s ic  ro c k , which a re  i n t r u s iv e  in to  th e  la y e re d  ro c k s , a re  in te rp r e te d  

a s  p o s s ib le  v o lc a n ic  c e n tr e s  from  w hich th e  o r ig in a l  v o lc a n ic  s e r ie s  

was d e r iv e d . In  s p i t e  o f t h e i r  supposed m etam orphic o r ig in ,  th e  gabbro ic  

ro c k s  resem ble  in t r u s iv e  gabbro b o th  in  hand specim ens and in  th in  

s e c t io n s ,  and i s  p r a c t i c a l l y  u n a l te r e d .

The i s la n d  o f S tjern /S y  i s  composed o f g abbro ic  and u l t r a b a s ic  

ro c k s ,  and th e s e  have been  d e sc r ib e d  by Oosterom (1963) and H eier (1961). 

Oosterom h as  mapped e a s te r n  and c e n t r a l  S t j  ern/5y where th e  main rock 

ty p e s  c o n s is t  o f an  u l t r a m a f ic  sequence o f p e r i d o t i t e ,  d u n ite , and 

la y e re d  g ab b ro , and a  m etam orphic complex o f gabbro g n e iss  and amphi

b o l i t e .  The gabbro g n e is s  c o n ta in s  in c lu s io n s  o f m etalim estore s and 

c a l c - s i l i c a t e  bands and i s  re g a rd e d  as  a p ro d u c t o f h igh -g rade  metamor

phism u n d er g r a n u l i t e  f a c i e s  c o n d it io n s ;  in c ip ie n t  d i f f e r e n t i a l  a n a te x is  

i s  c o n s id e re d  by Oosterom to  have ta k e n  p la ce  le a v in g  rem nants of rocks 

hav ing  h ig h  f u s io n  te m p e ra tu re s  in  th e se  c o n d itio n s  such as lim esto n e  

and d o lo m ite . The la y e re d  gabbro  has a la y e r in g  of igneous appearance, 

b u t Oosterom does n o t fa v o u r an igneous o r ig in  f o r  th e  la y e r in g . He



a

c o n s id e rs  t h a t  th e  g ab b ro ic  magma was g e n e ra te d  by com plete an a tex is  

o f p r e - e x i s t i n g  ro c k s  d u r in g  g r a n u l i t e - f a c i e s  metamorphism, and th a t  

th e  la y e r in g  i s  a  r e s u l t  o f t e c to n ic  o r metamorphic d i f f e r e n t i a t i o n .

He e x p la in s  th e  h ig h  lim e c o n te n t of th e  gabbros a s  be ing  due to  con

ta m in a t io n  by lim e s to n e  and d o lo m ite . The m etamorphic complex and th e  

u l t r a m a f ic  sequence a re  p e n e tr a te d  by a post-m e tarn o rp h ie  m etasom atic 

s u i t e  o f h o r n b le n d i te , c a r b o n a t i te ,  and n e p h e lin e - s y e n ite .  A ccording 

to  Oosterom th e  la y e re d  gabbro and p e r i d o t i t e  may be c o n s id e re d , from 

th e  t r a d i t i o n a l  v ie w p o in t, as  p ro d u c ts  o f d i f f e r e n t i a t i o n  of a  b a s a l t i c  

magma w ith in  th e  C aled o n ian  o rogen ic  b e l t .  But he th in k s  t h a t  th e  main 

d i f f i c u l t y  i n  a c c e p tin g  a  co-m agm atic h y p o th e s is  f o r  th e  whole of th e  

West F innm ark p é tro g ra p h ie  p ro v in c e  i s  " th e  ju x ta p o s i t io n  of m afic 

ro c k s  o f ig n eo u s  and of h ig h ly  metam orphic ap p earan ce" .

H e ie r  ( o p .c i t . )  has d e s c r ib e d  la y e re d  g ab b ro s, gabbro g n e is se s , 

and some a s s o c ia te d  u l t r a b a s i c  and a lk a l in e  ro ck s  in  w estern  8 t j e r n /y . 

A lthough he i s  u n c e r ta in  as  to  th e  o r ig in  o f th e  banding in  th e  la y e re d  

g ab b ro s , he c o n s id e rs  t h a t  i t  may have been caused by a  mechanism 

s im i la r  t o  t h a t  p o s tu la te d  by Wager and Deer (1939) f o r  th e  Skaergaard 

in t r u s io n .  A p e r io d  of h ig h -g ra d e  re g io n a l  metamorphism sep a ra ted  th e  

gabbro  g n e is s e s  from  th e  l a t e r  u l t r a b a s i c  and a lk a l in e  ro ck s; i t  i s  

p o s s ib le  t h a t  th e  la y e re d  gabbro i s  a ls o  l a t e r  th a n  th e  re g io n a l meta

morphism. T h is  metamorphism e l im in a te s  th e  p o s s i b i l i t y  of a comagmatic 

o r ig in  f o r  a l l  th e  ro c k s  d e s c r ib e d , b u t H eie r c o n s id e rs  th a t  th e re  i s  

ev id en ce  f o r  a  comagmatic r e l a t io n s h ip  among th e  post-m etam orphic ro c k s , 

in c lu d in g  th e  la y e re d  gabbro .



The s o u th -w e s te rn  h a l f  o f th e  i s la n d  of S e ila n d  i s  composed mainly 

o f la y e r e d  gabbros w hich have been  d e s c r ib e d  by B arth  (1953) and by 

Oosterom (1954, 1 9 5 5 ). The la y e r in g  p r in c ip a l ly  c o n s is ts  o f a lte rn a ^  

t i o n s  o f  p e r i d o t i t e  l a y e r s  w ith  banded gabbro , and th e  la y e re d  body as 

a  w hole does n o t ap p ear to  have d e f in i t e  s id e  w a lls  b u t seems to  con tinue 

w ith o u t a c l e a r  b reak  in to  th e  n e ig h b o u rin g  banded a ra p h ib o lite -g n e is s  

com plex. In  d e s c r ib in g  th e  la y e re d  gabbro o f n o r th -w e s te rn  S e ila n d ,

B arth  say s  t h a t  th e  m etam orphic co u n try  ro c k s , which a re  a t  l e a s t  in  

p a r t  m e tase d im en ta ry , show s u c c e s s iv e ly  h ig h e r  s ta g e s  of m etam orphic- 

a n a t e c t i c  t r a n s fo rm a tio n  when t r a c e d  tow ards th e  gabbro , and e v e n tu a lly  

g rad e  in to  th e  la y e re d  gabbro . From t h i s  i t  seems th a t  B arth  co n s id e rs  

t h a t  th e  la y e re d  gabbro i s  p o s s ib ly  a r e s u l t  of h ig h -g rad e  m etam orphic- 

a n a te c t i c  t ra n s fo rm a tio n  o f th e  co u n try  ro c k s .

From t h i s  su rv ey  o f some o f th e  g ab b ro ic  b o d ies  in  th e  West Finnmark— 

N orth  Troms p é tro g ra p h ie  p ro v in c e , i t  can be seen  th a t  many problems 

a re  in v o lv e d  in  th e  u n d e rs ta n d in g  o f th e  b a s ic  ro ck s  in  t h i s  re g io n .

Not l e a s t  among th e s e  i s  th e  problem  o f th e  g e n e s is  of th e  gabbroic 

ro c k s . We have seen  th a t  many o f th e  in v e s t ig a to r s  .suggest a metamor

p h ic  o r ig in  f o r  a t  l e a s t  some o f th e  la y e re d  gabbros, th e  main evidence 

b e in g  th e  i n t e r c a l a t io n s  and in c lu s io n s  o f m etasedim ents. In  some 

c a se s  th e  g a b b ro iz a tio n  i s  c o n s id e re d  to  have transfo rm ed  th e  coun try  

ro ck s  " in  s i t u "  a s  th e  p r e s e n t  la y e r in g  i s  supposed to  be c o in c id e n t 

w ith  th e  o r ig in a l  bedding  (§.s in  th e  gabbros of th e  ^ k s f jo rd  a r e a ) .

I n  o th e r  c a s e s ,  a p ro c e ss  o f p a r t i a l  and com plete a n a te x is  of .the coun try  

ro ck s  h as  been  invoked ( in  S tje rn /Jy  and S e ila n d ) ,  to g e th e r  w ith  te c to n ic
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or m etam orphic d i f f e r e n t i a t i o n  to  produce th e  la y e r in g  where complete 

a n a te x is  to o k  p la c e  ( th e  la y e re d  gabbro of 8 t j e r n / y ) .

A nother problem  i s  t h a t  o f th e  r e l a t i v e  ages of th e  v a r io u s  gabbroic 

b o d ie s  in  th e  p ro v in c e , to g e th e r  w ith  th e  p o s s i b i l i t y  t h a t  th ey  might 

be e s s e n t i a l l y  com agm atic. I t  i s  g e n e ra l ly  co n s id e red  th a t  th e se  b a s ic  

and u l t r a b a s i c  b o d ie s  were form ed d u r in g  th e  C aledonian  orogeny, bu t 

in  many c a se s  d e t a i l e d  s tu d ie s  o f t h e i r  metamorphic and s t r u c tu r a l  

h i s t o r i e s  have n o t been c a r r ie d  o u t. T h is  means t h a t  th e  age r e l a t io n 

s h ip s  betw een t h e i r  fo rm a tio n  and th e  metam orphic and s t r u c tu r a l  even ts  

t h a t  occu red  d u r in g  th e  orogeny a re  u n c e r ta in ,  and th a t  no co n c lu sio n s  

ab o u t a  p o s s ib le  common p a re n t  magma can  be made in  th e  case  of many of 

th e s e  p re v io u s ly  d e s c r ib e d  a r e a s .

In  S / r / y ,  how ever, th e r e  a re  numerous b o d ies  of b a s ic  ro c k s , to g e th e r  

w ith  u l t r a b a s i c  and in te rm e d ia te  ro ck s  (F ig . 4 ) ,  which can be demons

t r a t e d  t o  have been em placed a t  su c c e ss iv e  s ta g e s  du ring  th e  s t r u c tu r a l  

and m etam orphic developm ent o f th e  C aledon ian  orogeny in  t h i s  re g io n .

T h is  c l e a r l y  in d ic a te s  t h a t  th e  e n t i r e  s u i t e  o f igneous rocks cannot 

have been  d e r iv e d  from  a  common p a re n t magma s in ce  t h e i r  emplacements 

a re  s e p a ra te d  by lo n g  i n t e r v a l s  o f tim e and m ajor s t r u c tu r a l  and meta

m orphic e v e n ts .

In  n o r th e rn  and w e s te rn  S / r / y  th e re  a re  two la rg e  gabbros, th e  S to re lv  

gabbro and th e  B re iv ik b o tn  gabbro . These b o d ies  ta k e  th e  form of sh e e ts  

which a re  su b co n co rd an t w ith  th e  co u n try  ro c k s , b u t th ey  do not show 

th e  marked banded la y e r in g  which i s  c h a r a c t e r i s t i c  o f many of the  gabbros 

o f S e ila n d , S t j e r n / y ,  and j^ k sfjo rd . An accoun t o f th e  geochem istry and
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ore  m in e ra l p a ra g e n e se s  o f th e s e  gabbros i s  g iv en  by S tim p fl and 

S tu r t  (1965) .  They were em placed d u r in g  th e  c lo s in g  s ta g e s  of th e  

f i r s t  m ain phase  o f f o ld in g  in  t h i s  a r e a ,  and t h e i r  emplacement was f o l 

lowed by th e  peak of th e  m ain m etam orphic ev en t o f th e  r e g io n  (S tum pfl 

and S t u r t ,  1 9 6 5 ).

In  s o u th -w e s te rn  S / r / y  th e r e  i s  a n o th e r  g ab b ro ic  body, th e  H asvik 

gab b ro , w hich can  be d em o n stra ted  t o  have been em placed d u rin g  th e  

m ain metamorphism (B.A . S t u r t ,  p e r s o n a l  com m unication). T h is  gabbro , 

which ta k e s  th e  form  o f a s h e e t ,  e x h ib i t s  a  c e r t a i n  amount o f la y e r in g  

and c o n ta in s  numerous in c lu s io n s  o f m e tased im en ta ry  m a te r ia l .  In  many 

p la c e s  th e  gabbro  i s  seen  t o  p e n e t r a te  in to  th e  m etased im en t in c lu s io n s ,  

and to  wedge o f f  b lo c k s ,  i n d ic a t in g  t h a t  a  m obile g ab b ro ic  magma 

was in v o lv e d . The m etased im en t in c lu s io n s  a re  re g a rd e d  a s  x e n o l i th s ,  

and a m etam orphic o r ig in  f o r  th e  gabbro  i s  n o t invoked  (B. A, S tu r t ,  

p e rso n a l com m unication) a s  i t  h as  been  f o r  th e  gabbros in  S e ila n d , 

8 t j e r n / y ,  and jZ^ksf j  o rd . I t  sh o u ld  be p o in te d  ou t t h a t  no la v a s  or 

t u f f s  have y e t  been  found in  th e  se d im en ta ry  s u c c e ss io n  in  S / r / y ,  a lth o u g h  

th e s e  a re  h y p o th e t ic a l  p r e r e q u i s i t e s  r e q u ir e d  by K rauskopf f o r  th e  

o r ig in  o f some qf th e  l a y e r s  in  th e  0 k s f jo r d  g ab b ro s .

At th e  w e s te rn  end o f  S/r/$y th e r e  i s  an  a lk a l in e  com plex which has 

been d e s c r ib e d  by S tu r t  and Ramsay ( I 965 ) . Age d e te rm in a tio n s  made 

on th e  n e p h e lin e s  in  n e p h e lin e  -  s y e n ite s  o f t h i s  complex by potassium ^ 

argon m ethods r e v e a l  t h a t  th e  minimum age o f th e s e  ro ck s  i s  abou t A90 

m .y ., ( S t u r t ,  l i i l l e r ,  and F i t c h ,  1967). These n e p h e lin e  -  s y e n ite s  

belong  t o  th e  l a t e s t  phase o f igneous in t r u s io n  in  th e  a re a .  They 

p o s t-d a te  th e  m ain r e g io n a l  metamorphism and a re  s y n te c to n ic  w ith
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r e s p e c t  to  th e  second m ajor p e r io d  o f d e fo rm a tio n  ( S tu r t  and Ramsay, 

1965) .  Thus th e  p r in c ip a l  e p iso d e s  o f metamorphism and d efo rm atio n  

and th e  em placem ent o f igneous b o d ie s  d u r in g  th e  orogeny took  p la c e  in  

t h i s  r e g io n  b e fo re  Upper A ren ig  t im e s . On th e  o th e r  hand , th e  H onnings- 

vRg gabbro on th e  i s la n d  of M ager/y t o  th e  n o r th  i s  in tru d e d  in to  fo ld e d  

ro ck s  c o n ta in in g  S i l u r i a n  f o s s i l s .  (R e i ta n ,  I9 6 0 ; Henningsmoen, I 96I ) . 

Thus, th e  ev id en ce  from  S / r / y  and M ager/y  shows t h a t  th e  emplacement 

of th e  v a r io u s  ig n eo u s  b o d ie s  in  West F innm ark were s e p a ra te d  by long  

in t e r n a l s  o f t im e .

In  th e  H u s fjo rd  a r e a  o f S/$r/$y, w hich form s th e  s u b je c t  o f  t h i s  

p re se n t s tu d y , d e t a i l e d  s t r u c t u r a l  and p é tro g ra p h ie  s tu d ie s  o f th e  

igneous ro c k s  and th e  m etased im en ta ry  c o u n try  ro c k s  have a ls o  shown 

th a t  th e  ig n eo u s ro c k s  have been  em placed a t  su c c e ss iv e  s ta g e s  d u rin g  

th e  developm ent o f th e  orogeny in  t h i s  a r e a .  I t  can be d em o n stra ted  

th a t  th e  v a r io u s  ig n eo u s ro c k s  e x h ib i t  d i f f e r e n t  d eg rees  o f metamorphism 

and d e fo rm a tio n  depending  upon t h e i r  p o s i t i o n  in  th e  sequence of 

metamorphism and f o ld in g .  M oreover, many o f th e  in t r u s io n s  have 

th e rm a lly  m etam orphosed p re v io u s  in t r u s io n s  and m etased im en ts  w ith  which 

th ey  came in to  c o n ta c t .  S tudy  o f th e  m in era lo g y  and te x tu r e s  o f th e  

c o n ta c t zones h a s  g iv en  f u r t h e r  in fo rm a tio n  on th e  r e l a t i v e  ages o f th e  

igneous ro c k s  w ith  r e s p e c t  t o  each  o th e r  and to  th e  main phases of 

re g io n a l m etam orphism . In  t h i s  way th e  h i s to r y  of th e  emplacement o f 

the  igneous ro c k s  in  r e l a t i o n  to  s t r u c t u r a l  and m etam orphic ev en ts  

has been d e te rm in e d , and a s  a  r e s u l t  i t  seems m ost u n l ik e ly  t h a t  a l l  

th e  igneous ro c k s  in  t h i s  a r e a  co u ld  have had a  common p a re n t magma.
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THE COUNTRY ROCKS
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THE COUNTRY ROCKS

STRATIGRAPHY

I n t r o d u c t io n

The H u s f jo rd  ig n eo u s com plex i s  bounded by th e  sea  t o  th e  so u th  

and th e  e a s t ,  b u t t o  th e  n o r th  and th e  w est i t  h as  an envelope of 

m e tased im en ta ry  c o u n try  ro c k s .  The e a r l i e s t  i n t r u s io n  o f th e  com plex 

i s  th e  H u s f jo rd  m etagabbro , and th e  o r ig in a l  i n t r u s i v e  c o n ta c t  made 

by t h i s  body w ith  th e  c o u n try  ro c k s  i s  p re se rv e d  a lo n g  th e  n o r th e rn  and 

w es te rn  m arg in s  o f th e  com plex. The H u s fjo rd  m etagabbro  i s  a  subcon

c o rd a n t s h e e t - l i k e  body though  i t s  m arg in  comes in to  c o n ta c t  w ith  suc

c e s s iv e  s t r a t i g r a p h i e  h o r iz o n s  o f th e  c o u n try  r o c k s .  Thus, i f  th e  con

t a c t  i s  fo llo w e d , a  s t r a t i g r a p h ie  s u c c e s s io n  f o r  th e  n e ig h b o u rin g  c o u n try  

ro ck s  can  be b u i l t  u p .

In  th e  w e s te rn  p a r t  o f  th e  a re a  th e  s t r i k e  o f th e  c o u n try  ro ck s

i s  ap p ro x im a te ly  N-S, and t h e i r  d ip  i s  tow ards th e  w est a t  a n g le s  o f

70*̂  o r m ore. Towards th e  n o r th - e a s t  th e  s t r i k e  o f th e  m etasedim ents

changes r a p id ly  t o  an  E-W d i r e c t io n ,  and h e re  th e y  d ip  s te e p ly  to  th e

n o r th .  From t h i s  i t  can be seen  t h a t  th e  m etased im en ts  have been fo ld e d  

in to  a  la r g e  open f o ld .  T h is  b e l t  o f  m etased im en ts  has been o v e rtu rn ed  

by an e a r l i e r  phase o f f o ld in g ,  and d e t a i l e d  d is c u s s io n  o f t h i s  i s  more 

a p p ro p r ia te  t o  th e  s e c t io n  on th e  m ajo r s t r u c tu r e s .  From v a r io u s  l i n e s  

of e v id en c e , p a r t i c u l a r l y  c o r r e l a t i o n  w ith  n e ig h b o u rin g  a r e a s ,  i t  i s  

deduced t h a t  t h i s  o v e r tu rn in g  h as  cau sed  th e  in v e r s io n  o f th e  t r u e



15

s t r a t i g r a p h ie  s u c c e s s io n  in  t h i s  a r e a .  The H u s fjo rd  m etagabbro makes 

c o n ta c t  w ith  s u c c e s s iv e ly  h ig h e r  s t r a t i g r a p h ie  h o r iz o n s  a s  th e  c o n ta c t 

i s  t r a c e d  from  so u th -w e s t t o  n o r th - e a s t .  The g e n e ra l  s t r a t i g r a p h ie  

su c c e ss io n  i s  a s  fo llo w s :

Q u a r tz o - f e ld s p a th ic  p h y l l i t i c  s c h i s t s

G a l c - s i l i c a t e - s c h i s t s  w ith  m e ta lim esto n e s

K y a n i te - g a rn e t - m ic a - s c h is ts

Q u a r tz -g a r n e t- m ic a - s c h is ts

Gummingt o n i te -  s c h i s t s

Psam m ites and s e m i- p e l i t e s  (m igm atized)

The m igm atized  psam m ites and s e m i- p e l i t e s  a re  th e  lo w e s t h o r iz o n s , 

and occur in  th e  so u th -w e s t o f th e  a r e a .  Due to  la c k  o f c o n tin u o u s  

e3q)osure a lo n g  th e  c o n ta c t  zone i t  h as  n o t been p o s s ib le  t o  b u i ld  up 

a com plete s u c c e s s io n . Only betw een th e  K y a n i te -g a rn e t-m ic a -s c h is ts  

and th e  G a l c - s i l i c a t e - s c h i s t s  w ith  m e ta lim e s to n e s  i s  th e r e  co n tin u o u s  

ex p osu re . T h is  p o in t  m ust be borne in  mind when c o r r e l a t i o n  w ith  

ne ig h b o u rin g  a re a s  i s  made.

W ith in  th e  ig n eo u s  com plex th e r e  a re  t r a i n s  o f  m etased im en tary  

r a f t s  o f d i f f e r e n t  l i t h o l o g i e  ty p e s ,  w hich ap p ear n o t t o  have moved 

f a r ,  i f  a t  a l l ,  from  t h e i r  o r ig in a l  p o s i t i o n s .  The d i s t r i b u t i o n  of th e  

v a r io u s  ty p e s  o f r a f t  r e f l e c t s  th e  s t r a t i g r a p h ie  s u c c e ss io n  of th e  co u n try  

ro c k s , and p a r t s  o f th e  m e tased im en ta ry  su c c e ss io n  can  be mapped w ith in  

th e  complex a s  a  r e l i c t  s t r a t ig r a p h y .
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Psam m ites and S e m i-p e l i te s  (m igm atized)

The lo w e s t members of th e  m e tased im en ta ry  s u c c e s s io n  a re  a group 

of f in e - g r a in e d  f e ld s p a th i c  psam m ites and i n t e r c a l a t e d  s e r a i - p e i i te s .

The psam m ites a re  g re y is h -w h ite  t o  b u f f  i n  c o lo u r ,  and sm a ll re d d is h -  

brown g a rn e ts  can  be seen  w ith  th e  naked ey e . The th ic k n e s s  o f th e  

bands a re  v e ry  v a r i a b le ;  some a re  th i c k  and m assive  and a re  u s u a l ly  

se p a ra te d  from  n e ig h b o u rin g  m assive u n i t s  by t h in  s e m i - p e l i t i c  bands.

In  o th e r  p la c e s  th e  psam m ite u n i t s  a re  red u ced  to  a  few c e n tim e tre s  in  

th ic k n e s s ,  and th e r e  a re  numerous i n t e r c a l a t i o n s  o f s e m i - p e l i t i c  

m a te r ia l .  In  one b ro ad  h o r iz o n ,  s e m i - p e l i t i c  ro c k s  a re  p redom inant 

and th e  psamm ite u n i t s  o ccu r a s  narrow  bands on ly  a few c e n tim e tre s  

or l e s s  in  w id th . The s e m i- p e l i t e s  c o n ta in  abundant g a r n e t ,  and la r g e  

c r y s t a l s  up to  ab o u t 2 cm. in  d ia m e te r  o f te n  d ev e lo p .

The psam m ites and s e m i- p e l i te s  have su b se q u e n tly  undergone e x te n s iv e  

m ig m atiza tio n  a lo n g  a b ro ad  b e l t  w hich h as  i t s  maximum i n t e n s i t y  a t  th e  

n o r th e rn  end o f K obberfj o rd . The in c id e n c e  of m ig m atite  d e c re a se s  t o  

th e  w est and t o  th e  e a s t  o f  K obberf j  o rd . The m ig m a tite s  p r in c ip a l ly  

tak e  th e  form  o f p h le b i te  and a g m a ti te ,  i n  w hich q u a r tz o —f e ld s p a th ic  

m a te r ia l  o c cu rs  a lo n g  f o l i a t i o n  p la n e s  in  th e  m etasedim ents*  F e ld sp a r  

p o rp h y ro b la s ts  a r e  a l s o  abundant* D isc u ss io n  on th e  m orphology and 

developm ent o f th e  m ig m a tite s  a p p e a rs  i n  th e  s e c t io n  on m ig m a tiz a tio n , 

p. 285*

The psam m itic g roup h as  been  in t ru d e d  by a  number o f narrow  b a s ic  

s h e e ts ,  some o f w hich a t t a i n  a  th ic k n e s s  o f a  m etre  o r so , w h ile  o th e rs  

a re  only  a few c e n t im e tre s  in  w idth* They a re  u s u a l ly  co n co rd an t.
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b u t sometim es th e y  a re  s l i g h t l y  d is c o rd a n t  and o c c a s io n a l ly  th ey  

b i f u r c a t e .  I t  can  be d em o n stra ted  t h a t  th e y  were n o t a l l  emplaced 

d u rin g  th e  same phase  o f in t r u s io n ,  b u t t h a t  a  c o m p a ra tiv e ly  long  tim e 

in t e r v a l  e la p s e d  betw een th e  e a r l i e s t  and th e  l a t e s t .  E vidence fo r  

t h i s  i s  p ro v id ed  by t h e i r  r e l a t i o n s h i p  t o  e p iso d e s  o f f o ld in g ,  and 

t h i s  i s  d is c u s s e d  f u r t h e r  when th e  s t r u c t u r e  of th e  m etased im en ts  i s  

c o n s id e re d , p . 32 .

The m igm atized  psam m ites and s e m i- p e l i t e s  make c o n ta c t  ea s tw ard s  

w ith  th e  ig n eo u s com plex. At th e  n o r th - e a s te r n  end o f K o b b e rfjo rd , th e y  

come in to  c o n ta c t  w ith  a  n o r i t e ,  th e  K o b b e rfjo rd  n o r i t e  w hich form s 

a norrow  sh e e t betw een th e  H u s fjo rd  m etagabbro  and th e  c o u n try  ro c k s  

in  t h i s  p a r t  o f th e  a r e a .  At th e  c o n ta c t  th e  co u n try  ro c k s  become 

h o rn fe ls e d  and mixed up w ith  g a r n e t i f e r o u s  n o r i t e  in  a  narrow  zone of 

s l i g h t  b r e c c ia t io n .

G um m ing ton ite -S ch ists

The n e x t group o f ro c k s  i s  a  s c h i s t  group in  w hich th e  am phibole 

cum m ingtonite o c c u rs . These s c h i s t s  a re  f in e - g r a in e d  and a re  u s u a l ly  

grey in  c o lo u r .  They a re  w e ll-b a n d e d , and in d iv id u a l  bands a re  q u ite  

t h in ,  g e n e r a l ly  b e in g  in  th e  o rd e r  o f a  few c e n tim e tre s  or l e s s  in  

th ic k n e s s .  Sometimes th e y  a r e  s l i g h t l y  f la g g y ,  and m icas can be seen  

on th e  f o l i a t i o n  s u r f a c e s .  Some bands a re  composed v i r t u a l l y  e n t i r e ly  

of cummingt o n i t e ,  and in  th e s e  th e  c r y s t a l s  a re  in te rg ro w n  to  form  a 

s o l id  mat o f cummingt o n i te .  The c r y s t a l s  a re  n o t  v e ry  e lo n g a te , b u t 

th e re  i s  a  g e n e ra l  ten d en cy  f o r  them to  be o r ie n ta te d  w ith  t h e i r  c -a x e s
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p a ra ] . le l  t o  th e  b an d in g . O ther bands a r e  more m icaceous and c o n ta in  

b i o t i t e  l a t h s  in te rg ro w n  w ith  th e  cum m ing ton ites  and o r ie n ta te d  p a r a l l e l  

t o  th e  b an d in g . These m icaceous bands a l s o  c o n ta in  s t r e a k s  and pods 

of q u a r tz  w hich p ro b a b ly  s e g re g a te d  o u t d u r in g  m etam orphism . The e f f e c t  

of w ea th e rin g  on th e s e  bands o f d i f f e r e n t  m in era lo g y  h as been  to  form a 

s l i g h t  s u r f a c e - r ib b in g  p a r a l l e l  to  th e  b an d in g  in  w hich th e  more 

q u a r tz o se  bands s ta n d  o u t .  M inor f o ld in g  o f th e  band ing  o c c a s io n a lly  

o c c u rs , and in  t h i n  s e c t io n  th e  f o l i a t i o n  i s  seen  to  be deform ed in to  

sm all f o ld s .

The cum m ingtonite -  b e a r in g  s c h i s t s  p o s s ib ly  r e p r e s e n t  l a y e r s  of 

magnesia n  s h a le s  w hich have su b se q u e n tly  been  m etam orphosed.

Q uart z- g a m e  t -m ic a -  s c h i s t s

The n e x t g ro u p , which i s  s e p a ra te d  from  th e  cummingt o n i t e - s c h i s t s  

by a b road  t r a c t  o f la n d  where exposu re  i s  p o o r , i s  a  group o f q u a r tz -  

g a r n e t -m ic a - s c h is t s .  These a re  d ark  g rey  s e m i- p e l i te s  w ith  o c c a s io n a l 

th in  psammite bands. T here a re  o c c a s io n a l q u a r tz o se  s t r e a k s  and bands 

in  th e  s e m i- p e l i t e s ,  p ro b a b ly  due t o  m etam orphic s e g re g a tio n . The 

s c h i s t o s i t y ,  w hich i s  d e l in e a te d  by m ic a s , i s  r a th e r  p o o rly  developed , 

and in  p la c e s  i t  i s  deform ed by sm all f o ld s .  Numerous sm all re d  g a rn e ts  

a re  c l e a r l y  v i s i b l e  in  th e  s e m i- p e l i t e s ,  and th e s e  a re  s l i g h t l y  more 

abundant in  th e  more q u a r t  zose bands o f th e  s e m i- p e l i te s .  Some o f th e  

g a rn e ts  a re  s u b - s p h e r ic a l ,  w hereas o th e r s  a re  e lo n g a te d  p a r a l l e l  to  th e  

banding. I n  p la c e s  a  c o a rse  a c - jo in t in g  has d ev e lo p ed , p a r t i c u l a r l y  in  

th e  psam m itic b ands. O c c a s io n a lly  th e s e  j o i n t s  a re  occupied  by q u a r tz  

v e in s .
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K v e n i te - g a rn e t - m ic a - s c h is ts

S t r a t i g r a p h ie a l l y  o v e r ly in g  th e  g a r n e t - m ic a - s c h is t  group i s  a 

sequence of w e ll-b a n d e d  s c h i s t s  w ith  i n t e r c a l a t e d  psam m ites and o ccas io n a l 

c a l c - s i l i c a t e - s c h i s t s .  The p redom inan t s c h i s t s  a re  m icaceous sem i- 

p e l i t e s  which som etim es show a  s l i g h t  r u s t y  w e a th e r in g . The s c h i s t -  

08i t y  i s  u s u a l ly  f a i r l y  w e ll  d ev e lo p ed , and sm all g a rn e ts  a re  o f te n  

v i s i b l e  to  th e  naked ey e . The psam m ites a re  g rey  o r y e l lo w is h  and con

t a i n  v a ry in g  am ounts o f f e ld s p a r .  Rocks r i c h  in  c a l c - s i l i c a t e  m in e ra ls ,  

p a r t i c u l a r l y  t r e m o l i t e - a c t i n o l i t e ,  o ccu r as  bands and a s  le n s e s  w ith in  

some of th e  s e m i - p e l i t e s .  These le n s e s  presum ably  r e p r e s e n t  c a lc a re o u s  

c o n c re tio n s  in  th e  o r ig in a l  sed im en t. A few p e g m a tite s  have been 

emplaced p a r a l l e l  t o  th e  b an d in g .

Towards th e  u p p er p a r t  o f th e  k y a n i te - g a r n e t - m ic a - s c h is t  g roup , 

c a l c - s i l i c a t e - s c h i s t s  became more p ro m in en t and psam m ites and sem i- 

p e l i t i c  s c h i s t s  a re  o f l e s s  im p o rtan ce . The group p a s se s  up in to  th e  

nex t g ro u p , th e  c a l c - s i l i c a t e - s c h i s t s ,  which c o n ta in s  lim e sto n e  h o riz o n s  

near i t s  b a se .

C a lc -s i l i c a t e - s c h i s t s  w ith  Meta'i im esto n es

The ro c k s  in  t h i s  group a re  main].y w e ll-b e d d e d , f in e -g r a in e d  s c h i s t s ,  

sometimes f a i r l y  m ass iv e . The g e n e ra l  c o lo u r  o f  th e  ro ck s  i s  g rey  or 

y e llo w ish -b ro w n , b u t many bands have a p a le  g re e n is h  c o lo u r  due to  th e  

high  a c t i n o l i t e  c o n te n t o f  c e r t a i n  o f th e  c a l c - s i l i c a t e  bands. When 

th e  psam m itic o r c a l c - s i l i c a t e  bands a l t e r n a t e  r a p id ly  w ith  s e m i- p e l i te ,  

a r ib b e d  ap p earan ce  r e s u l t s  because  o f th e  d i f f e r e n t i a l  w ea th e rin g .
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In te rb e d d e d  w ith  th e  c a l c - s i l i c a t e - s c h i s t s  n e a r  th e  base  of th e  

group th e r e  a re  o c c a s io n a l m e ta lim e s to n e s . These do n o t appear to  form 

co n tin u o u s bands f o r  any g r e a t  d i s ta n c e ,  b u t o u tc ro p  a s  lo n g  le n s e s ,  

each s e v e ra l  te n s  o f m e tre s  in  le n g th ,  and ab o u t t e n  m e tre s  in  th ic k 

n e s s , e lo n g a te d  p a r a l l e l  t o  th e  g e n e ra l  band ing  o f th e  ro c k s .  I t  i s  

p ro b ab le  t h a t  th e y  o r ig i n a l l y  form ed co n tin u o u s  beds in  th e  sed im en tary  

sequence b u t have s in c e  form ed t e c to n ic  le n s e s  d u r in g  su b seq u en t 

d e fo rm atio n .

These m e ta lim esto n e s  c o n s i s t  o f  c o a r s e l y - r e c r y s t a l l i z e d  c a l c i t e  

which w ea th e rs  to  a  b lu is h - g r e y  c o l oui'. I t  c o n ta in s  o c c a s io n a l t h i n  

c a l c - s i l i c a t e  bands w hich form  t h i n  r i b s  s ta n d in g  ou t from  th e  l e s s  

r e s i s t a n t  l im e s to n e . The c a l c - s i l i c a t e  r i b s  p resum ably  r e p r e s e n t  more 

s i l ic e o u s  bands in  th e  l im e s to n e  and so i n d ic a te  th e  o r ig in a l  bedd ing . 

During su b seq u en t d e fo rm a tio n , th e  m e ta lim e sto n e  and th e  c a l c - s i l i c a t e  

bands behaved in  d i f f e r e n t  w ays. The s i l i c e o u s  ban d s, b e in g  com peten t, 

formed c o h e re n t f o l d s ,  b u t th e  l e s s  com peten t l im e s to n e  deform ed in  a 

more p l a s t i c  f a s h io n  and flow ed  around  th e  f o ld s  in  th e  c a l c - s i l i c a t e  

bands. In  p la c e s  th e  l a t t e r  have been  b roken  th ro u g h  by lim e s to n e , 

and frag m en ts , e s p e c ia l ly  f o ld - c lo s u r e s ,  a re  now su rrounded  by a lim esto n e  

m a trix .

In  one p la c e  th e  c a l c - s i l i c a t e - s c h i s t s  e x h ib i t  a s t r u c tu r e  in  

th e  banding w hich a p p ea rs  to  be o f sed im en ta ry  o r ig in .  I t  has th e  

appearance o f a  w ash-ou t s t r u c t u r e  in  which ch u rned -up  m a te r ia l  pene

t r a t e s  downwards i n to  th e  u n d e r ly in g  l a y e r s , c u t t in g  a c ro ss  them d is 

c o rd a n tly  ( P la te  2 ) .  The m a te r ia l  above th e  l i n e  o f d isco rd an ce  i s



P la te  2 .  W ash-out ty p e  o f  sed im en ta ry  
s t r u c t u r e ;  d i r e c t io n  o f  younging i s  to  th e  
l e f t  ( s o u th ) .  Above H a v n e fjo rd b o tn .
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d i f f e r e n t  from  t h a t  im m ed ia te ly  b en ea th  i t .  I f  in d eed  t h i s  s t r u c tu r e  

i s  of sed im en ta ry  o r ig in ,  i t  would in d ic a te  t h a t  th e  beds young to  

th e  l e f t  o f P la te  2 , i . e . ,  t o  th e  s o u th , and s in c e  th e  beds d ip  to  th e  

n o r th  h e re ,  th e  s t r a t i g r a p h ie  s u c c e s s io n  would be in v e r te d .

O ccas io n a l p e g m a tite s  have been em placed in to  th e  m etased im en ts , 

u s u a lly  p a r a l l e l  to  th e  b a n d in g . One of th e s e  i s  a  m edium -grained q u a r tz -  

r ic h  p eg m a tite  c o n ta in in g  la r g e  su b h e d ra l sphenes w hich a re  random ly- 

o r ie n ta te d  and a re  up to  5 o r 6 cm. in  le n g th .

At t h i s  p a r t  o f th e  c o n ta c t  betw een th e  ig n eo u s com plex and th e  

co u n try  ro c k s  th e r e  h as been  an in t r o d u c t io n  o f f e ld s p a th ic  m a te r ia l ,  

bo th  in to  th e  ig n eo u s  ro c k s  and in to  th e  m e ta sed im en ts . In  some p la c e s  

i t  i s  seen  to  be in  th e  n a tu re  o f a  m etasom atic  in t r o d u c t io n  o f f e ld s 

p a th ic  c o n s t i tu e n t s  i n  w hich th e  m etased im en ts  become d i f f u s e ly  f e ld s 

p a th ic  and c o n ta in  la r g e  f e ld s p a r  p o r p h y ro b ls s ts .  In  o th e r  p la c e s  a 

l iq u id  phase i s  in d ic a te d  by bands and s h e e ts  o f c o a r s e -g ra in e d  p o r-  

p h y r i t i c  d i o r i t e  w hich c o n ta in  o c c a s io n a l a n g u la r  d i s o r i e n ta t e d  x e n o l i th s  

of th e  m etased im en t. I t  i s  b e l ie v e d  t h a t  th e  f e ld s p a th i z a t io n  i s  

a s s o c ia te d  w ith  th e  in t r o d u c t io n  o f th e  d i o r i t e s ,  and w i l l  be f u r th e r  

d isc u sse d  when th e  s u i t e  o f d i o r i t e s  i s  c o n s id e re d .

Q uartzo- f e ld s o a th i c  P h v l l i t i c  S c h is t s

An unexposed a r e a  s e p a ra te s  th e  c a l c - s i l i c a t e - s c h i s t s  w ith  lim e

s to n es  from  th e  n e x t g ro u p , w hich a re  q u a r t z o - f e ld s p a th i c - p h y l l i t i c  

s c h i s t s .

These a re  a sequence o f  l i g h t  g rey  w e ll-b a n d e d , somewhat f la g g y
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ro c k s , in  w hich in d iv id u a l  bands do n o t a t t a i n  any g r e a t  th ic k n e s s .

Some o f th e  bands a re  q u i te  f e ld s p a th ic  and w ea th er to  a v e ry  l i g h t  

grey  or w h ite  c o lo u r ;  th e s e  a re  o n ly  s l i g h t l y  m icaceo u s. Many bands 

a re  l e s s  f e ld s p a th ic  and a re  c o n s id e ra b ly  m icaceo u s, and th e s e  w eather 

to  a s l i g h t l y  d a rk e r  g re y . The abundance o f m ica g iv e s  th e  ro ck  a 

p o o rly -d ev e lo p ed  p h y l l i t i c  s c h i s t o s i t y ,  and c o n s id e ra b le  w h ite  m ica 

can be seen  on th e  s u r f a c e s  o f th e  f o l i a t i o n  p la n e s .  O ccas io n a l sm all 

rounded p u rp ly - re d  g a rn e ts  o c c u r. A few  t h i n  b a s ic  s h e e ts  have been 

in tru d e d  p a r a l l e l  t o  th e  b an d in g .

In  p la c e s  th e  more m assiv e  q u a r tz o - f e ld s p a th ic  bands form  boudins 

around w hich th e  f o l i a t i o n  o f th e  m icaceous bands sw ing, and th e  b a s ic  

sh e e ts  a re  a l s o  som etim es b o u d in ed . The lo n g e s t  axes o f th e s e  boudins 

appear t o  be s u b p a r a l le l  t o  th e  axes o f th e  m inor f o ld s  which commonly 

deform th e  b an d in g . A l i n e a t i o n  on th e  b and ing  s u r f a c e s ,  caused  by 

m ic ro fo ld s , i s  a l s o  p a r a l l e l  t o  th e s e  f o ld  a r e a s .

HISTORY OF SEDD^IEmTION

As th e  ban d in g  o f th e  m e tased im en ts  i s  d e f in e d  by d i f f e r e n t  l i t h o -  

lo g ic a l  u n i t s ,  in  w hich th e r e  i s  an o ccu rren c e  o f an  a p p a re n t sed im entary  

s t r u c tu r e ,  i t  i s  c l e a r  t h a t  th e  band ing  m ust be c lo s e ly  r e l a t e d  to  

th e  o r ig in a l  sed im en ta ry  b ed d in g . I n  s p i t e  o f th e  subsequen t metamor- 

phism and d e fo rm a tio n  s u f f e r e d  by th e  m e ta se d im en ts , i t  i s  p o s s ib le  

to  come to  some g e n e ra l  c o n c lu s io n s  c o n ce rn in g  th e  c o n d it io n s  of 

sed im en ta tio n .

The m assive psam m ites a t  th e  b ase  o f th e  su c c e ss io n  were presum ably



23

d e p o s ite d  in  sh a llo w  w a te r ,  and i t  i s  p ro b a b le  t h a t  a  l a r g e  land-m ass 

was r a p id ly  c o n t r ib u t in g  la r g e  q u a n t i t i e s  o f m a te r ia l  t o  t h i s  a re a .

The abundance o f f e ld s p a r  in  th e  psaznm ites, even where e x te n s iv e  f e ld s 

p a th iz a t io n  h as  n o t o c c u rre d , in d ic a te s  t h a t  t h i s  la n d  mass was p robab ly  

m ainly of a  g r a n i t i c  n a tu r e .  I t  i s  l i k e l y  t h a t  i t  was p a r t  o f th e  P re -  

Eocambrian g r a n i t i c  basem ent which had  been  exposed to  e ro s io n .

The t h i n  i n t e r c a l a t i o n s  o f s e m i- p o l i t i c  m a te r ia l  w i th in  th e  

psam m itic group p ro b a b ly  r e p r e s e n t  m inor d is tu rb a n c e s  o f th e  la n d  or 

tem porary  changes in  s e a - l e v e l  r e s u l t i n g  in  th e  s l i g h t  deepen ing  of 

th e  w a te r in  th e  p r e s e n t  a r e a .  The b ro a d e r  h o r iz o n s  o f s e m i-p o l i te  

in d ic a te  t h a t  th e  s l i g h t l y  d eep er w a te r  c o n d i t io n s  o c c a s io n a l ly  p e r

s is te d  f o r  lo n g  p e r io d s .  The p re se n c e  o f numerous t h i n  psammite bands 

in  th e  p red o m in an tly  s e m i - p e l i t i c  h o r iz o n s  shows t h a t  th e  c o n d it io n s  

during  th e s e  tim e s  were n o t co m p le te ly  s t a b l e ,  and t h a t  th e  d ep th  of 

the  w ate r was p ro b ab ly  n o t v e ry  g r e a t .

I t  i s  l i k e l y  t h a t  th e s e  in te rm e d ia te  d e p th  c o n d it io n s  p e r s i s te d  

through th e  c u m m in g to n ite -s c h is ts , q u a r tz - g a r n e t - m ic a - s c h is t s  and 

k y a n i te - g a rn e t - m ic a - s c h is ts  g ro u p s . These g ro u p s a re  re p re s e n te d  by 

f a i r l y  f in e - g r a in e d  ro c k s ,  g e n e r a l ly  a r g i l l a c e o u s ,  w ith  o c c a s io n a l 

more a ren aceo u s  l a y e r s .

A g e n e ra l  sh a llo w in g  o f th e  w a te r m ust have o cc u rred  a t  th e  tim e 

of d e p o s it io n  o f  th e  ro c k s  in  th e  c a l c - s i l i c a t e - s c h i s t s  w ith  m etalim e

s tones group . These s c h i s t s  r e p r e s e n t  a  sequence o f c a lc a re o u s  and mag

ne s ia n  a r e n i t e s  w hich p resum ably  were d e p o s ite d  in  f a i r l y  shallow  w a te r , 

^ap id  a l t e r n a t io n  o f d i f f e r e n t  psam m itic u n i t s  and th e  p resen ce  of
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sed im en tary  s t r u c tu r e s  b e a r  w itn e s s  t o  th e  sh a llo w  w a te r  c o n d it io n s .

The l im e s to n e s  were p resum ably  d e p o s ite d  in  c l e a r ,  f a i r l y  shallow  

w ater in  w hich th e  t h in  c le a n  c a lc a re o u s  s i l i c e o u s  l a y e r s ,  now r e p re 

sen ted  by th e  c a l c - s i l i c a t e  r i b s ,  were a l s o  l a i d  down.

The ro c k s  o f th e  q u a r tz o - f e ld s p a th ic  p h i l l i t i c  s c h i s t s  were 

d e p o s ite d  in  w a te r  o f sh a llo w  to  in te rm e d ia te  d e p th . The a l t e r n a t io n  

of q u a r tz o - f e ld s p a th ic  u n i t s  w ith  p h y l l i t i c  s e m i - p e l i t i c  m a te r ia l  

t e s t i f i e s  t h a t  c o n d i t io n s  were u n s ta b le ,  and p ro b ab ly  in d ic a te s  a 

g en e ra l deepen ing  o f  th e  w a te r  a f t e r  th e  p r e - e x i s t in g  sh a llo w e r con

d i t io n s .

The g e n e ra l  c o n d i t io n s o f  s e d im e n ta tio n  im p lie d  by t h i s  s u c c e ss io n  

of ro ck s  a re  th o se  o f th e  s h e l f  a r e a  o f a  geo s y n c l in a l  t ro u g h . The

depth  of th e  w a te r  was c o n s ta n t ly  c h a n g in g , b u t i t  was p ro b ab ly  n ev er

v ery  g r e a t .
'w

CORRELATION

To th e  n o r th  o f th e  H u s f jo rd  a re a  l i e s  th e  S to r e lv  a re a  which 

has been mapped by Dr s .  Ramsay and S t u r t .  The m etased im en ta ry  su c ce ss io n

in  th a t  a r e a  i s  a s  fo llo w s  (Ramsay and S t u r t ,  1963)2

F a lk e n e s  L im estone Group 

S to r e lv  F o rm ation  

K lubben Q u a r tz i te

The K lubben Q uart z i t e  c o n s is t s  m a in ly  o f psam m ites, o f te n  m assive , 

w ith  more p e l i t i c  g a r n e t i f e r o u s  h o r iz o n s ,  and th e  S to re lv  Form ation  

com prises an a l t e r n a t in g  sequence o f p e l i t i c  and psam m itic h o r iz o n s .
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There a re  t l i r e e  m ain p e l i t i c  h o r iz o n s ,  and th e s e  a re  p r in c ip a l ly  m ica- 

s c h is t s  o r q u a r tz - m ic a - s c h is t s ,  som etim es g a r n e t i f e r o u s .  At th e  to p  

of th e  S to r e l f  F o rm atio n  th e r e  a re  c a l c - s i l i c a t e - s c h i s t s  which pass  

up in to  th e  F a lk e n e s  L im estone Group. T h is  l a t t e r  group c o n ta in s  

g r a p h i t ic  and m ic a - s c h is ts  w ith  a b lu e -g re y  lim e s to n e  a t  th e  b ase .

In  th e  B re iv ik b o tn  a r e a  to  th e  so u th -w e s t o f th e  S to r e lv  a r e a  a 

s im ila r  su c c e ss io n  h as  been  mapped by Dr s .  S t u r t  and Ramsay, and th e y  

c o n s id e r t h a t  th e  two s u c c e s s io n s  can  be d i r e c t l y  c o r r e la t e d  ( S tu r t  and 

Ramsay, I 965 ) .  The s u c c e s s io n  i s :

R e l i e f j o r d  S c h is t  Group 

B re iv ik  Group 

F a lk e n e s  L im estone Group 

S to r e lv  Group 

K lubben Q u a r tz i te

The s u b d iv is io n s  o f th e  S to r e lv  Group h e re  a re  n o t so w e ll  

d e fin ed  a s  a t  S to r e lv ,  and th e  up p er p a r t  o f  th e  F a lk e n e s  L im estone 

Group of th e  S to r e lv  a r e a  i s  g iv en  th e  name B re iv ik  Group h e re .  The 

su cc e ss io n  i s  ex ten d ed  upw ards in to  th e  R e l i e f jo r d  S c h is t  Group, f i r s t  

named in  th e  L a n g s tra n d  a r e a  in  n o r th - e a s te r n  S /r/(y  which was mapped by 

Dr. D. R o b e r ts .

The s u c c e s s io n  in  th e  L a n g s tra n d  a r e a  i s  a s  fo llo w s  (R o b e rts ,

1965,1967) :

R e l i e f jo r d  S c h is t  

F a lk en es  L im estone Group 

S to r e lv  S c h is t
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T r a n s i t io n a l  Group 

K lubben Q u a r tz i te  Group

The K lubben Q u a r tz i te  Group c o n s i s t s  o f th re e  m assive  psam m itic 

u n i t s  s e p a ra te d  by two s e m i - p e l i t i c  h o r iz o n s .  The psam m ites a re  f e ld s 

p a th ic  and w ea th e r t o  a l i g h t  g rey  o r b u f f  c o lo u r ,  b u t o c c a s io n a l ly  

become more m icaceous w ith  a  f a i r  amount o f b i o t i t e ,  g iv in g  a f la g g y  

appearance . The s e m i - p e l i t i c  h o r iz o n s  a r e  r i c h  in  g a r n e t .  A m phibolite  

s i l l s  and dykes have been  in tru d e d  i n t o  th e  K lubben Q u a r tz i te  Group 

and th ey  p r e -d a te  th e  e a r l i e s t  d e fo rm a tio n .

R o b e rts  h as  c o r r e la t e d  th e  T r a n s i t io n a l  Group, w hich c o n s is t s  of 

a l t e r n a t in g  t h i n  q u a r t z i t e  bands and p e l i t i c  lam in a e , w ith  th e  low er 

p a r t  o f th e  S to r e lv  F o rm atio n  in  th e  S to r e lv  a r e a .

The F a lk e n e s  L im estone Group c o n ta in s  two l im e s to n e  h o r iz o n s  

sep a ra ted  by c a l c - s i l i c a t e - s c h i s t s  and g a r n e t - k y a n i t e - s i l l i m a n i t e - s c h i s t s ;  

th e  c a l c - s i l i c a t e - s c h i s t s  u n d e r ly in g  th e  low er lim e s to n e  a re  in c lu d e d  

w ith in  t h i s  G roup. The lo w er lim e s to n e  i s  p a le  g re y  on g re y -b lu e  and 

co n ta in s  t h i n  c a l c - s i l i c a t e  l a y e r s .  The up p er l im e s to n e  w ea th ers  to  

a brow nish c o lo u r  and c o n ta in s  f r e q u e n t  c a l c - s i l i c a t e  and p e l i t i c :  

in te r c a la t io n s  which som etim es c o n s t i t u t e  th e  b u lk  o f th e  ro c k .

The R e l i e f  jo r d  S c h is t s  a re  a s e r i e s  o f g re y , c lo se ly -b a n d e d , f in e 

g ra in ed  p h y l l i t i c  s c h i s t s ,  which o f te n  d ev e lo p  a good f la g g in e s s .

Small p u rp ly - re d  g a rn e ts  a re  common, e s p e c ia l ly  in  th e  more p h y l l i t i c  

bands..

In  th e  R u s f jo rd  a r e a  th e  g e n e ra l  s t r a t i g r a p h ie  su c c e ss io n  i s  as  

fo llo w s 2
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Q u a r tz o - f e ld s p a th ic  p h y l l i t i c  s c h i s t s

G a l c - s i l i c a t e - s c h i s t s  w ith  m e ta lim e s to n e s

K y a n i te -g a rn e t -m ic a - s c h is t  s

Q uart z - g a r n e t - m ic a - s c h is t  s

C u m m in g to n ite -sc h is ts

Psam m ites and s e m i- p e l i t e s  (m igm atized)

The f e ld s p a th ic  psam m ites w ith  i n t e r c a l a t e d  s e m i - p e l i t i c  h o r iz o n s ,  

now e x te n s iv e ly  m igm atized , c lo s e ly  re sem b le  th e  K lubben Q uart z i t e  

Group of th e  L a n g s tra n d  a r e a .  They a l s o  c o n ta in  a m p h ib o lite  s h e e ts ,  

a common f e a tu r e  in  th e  K lubben Q uart z i t e  s . I t  i s  su g g e s te d  t h a t  th e  

psammites and s e m i- p e l i t e s  can be c o r r e l a t e d  w ith  th e  K lubben Q uart z i t e  

Group. One b ro ad  h o r iz o n  o f s e m i- p e l i te  i s  r e c o g n ise d  in  th e  m igmatized- 

rocks of th e  H u s f jo rd  a r e a ,  so t h a t  i t  would ap p ear t h a t  th e  su c c e ss io n  

goes down b en ea th  th e  Q uart z i t e  3 o f  th e  L a n g stra n d  a r e a .  Upper p a r t s  

of th e  psam m ites and s e m i- p e l i te s  g roup  p ro b ab ly  co rre sp o n d  w ith  th e  

T ra n s i t io n a l  Q uart z i t e  o f th e  L a n g s tra n d  a r e a ,  w hich in  t u r n  i s  equ iva

le n t  to  th e  low er p a r t  o f th e  S to r e lv  F o rm atio n  o f  th e  S to r e lv  a re a .

The n e x t m ajor group in  th e  s u c c e s s io n  i s  th e  g a r n e t -m ic a - s c h is ts ,  

fo r  th e  c u m m in g to n ite -s c h is ts  form  o n ly  a  t h i n ,  uncommon la y e r  above 

the psam m ites. The h o r iz o n s  b en e a th  th e  g a r n e t -m ic a - s c h is t s  a re  n o t 

w ell exposed, b u t th e s e  s c h i s t s  co u ld  be c o r r e l a t e d  w ith  th e  upper 

p a r t  o f th e  S to re lv  F o rm a tio n , w hich i s  p r in c ip a l l y  o f g a rn e t-m ic a -  

s c h is t .  The to p  o f th e  S to r e lv  S c h is t  i s  r e p re s e n te d  by th e  k y a n i te -  

g a rn e t-m ic a - s c h is ts ,  where a t r a n s i t i o n  in to  th e  c a l c - s i l i c a t e - s c h i s t s  

w ith m eta lim esto n es  ta k e s  p la c e .  T h is  l a t t e r  group i s  c o r r e la te d  w ith
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th e  F a lk en es  L im estone Group, The unexposed t r a c t  n e x t to  th e  c a lc -  

s i l i c a t e s  and lim e s to n e s  group co u ld  w e ll be o ccu p ied  by h o r iz o n s  

e q u iv a le n t to  th e  B re iv ik  Group o f S.W. S / r / y .  The o v e r ly in g  q u a r tz o -  

f e l d s p a t h i c - p l iy l l i t i c - s c h i s t s  o f th e  H u s f jo rd  a r e a  may be c o r r e la te d  

w ith  some of th e  R e l i e f jo r d  S c h is t s  a s  d e s c r ib e d  by R o b e rts  in  th e  

L angstrand a r e a .  R o b e rts  (1965) has made a  s t r a t i g r a p h i c a l  c o r r e l a t i o n  

between th e  L a n g s tra n d , S to r e lv ,  and B re iv ik b o tn  a r e a s ,  and h as a l s o  

extended t h i s  c o r r e l a t i o n  to  in c lu d e  th e  Loppen a r e a  on th e  Troms- 

Finnmark b o rd e r  t o  th e  so u th  (R o b e rts  1 9 6 ? ) . F ig .  5 shows th e  su cc e s

sions as  c o r r e l a t e d  by R o b e rts  (196?) w ith  th e  a d d i t io n  of th e  su c c e ss io n  

in  th e  H u s fjo rd  a r e a .

Thus i t  ap p e a rs  t h a t  a c ro s s  th e  s o u th - e a s te r n  p a r t  o f S / r / y  th e r e  

outcrops a b e l t  o f m etased im en ts  which can  be c o r r e l a t e d  w ith  th e  

g en era l S / r / y  s u c c e s s io n , and w hich young tow ards th e  s o u th - e a s t .

AGE OF THE METASFDIIÆNTS

A ccording to  th e  1 :1 ,0 0 0 ,0 0 0  g e o lo g ic a l  map o f Norway (H o lted ah l 

and Dons, 196O) th e  m etased im en ts  o f F innm ark a re  c o n s id e re d  to  be of 

Eocambrian age w ith  e x te n s io n  in to  G am b ro -S ilu rian  in  p la c e s .  H o lted ah l 

(19I 8 ) m entions Lower Cam brian f o s s i l s  in  th e  s o u th - e a s t  b o rd e r  o f th e  

Caledonian m ountain  zone, and th e  D igerm ul P e n in s u la ,  Tana, has p rov ided  

numerous f o s s i l s  o f Cam brian age (F /y n , 1937; S tra n d , 1935). Tn S .E . 

M ager/y, n e a r  th e  H onningsvag g abbro , a  l im e s to n e  has y ie ld  numerous 

S i lu r ia n  f o s s i l s  in c lu d in g  c r in o id  s tem s, c h a in  c o r a l s ,  ru g o se  c o r a l s ,  

and pen t amer id s  (Henningsm oen, I 961) .
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In  th e  on ly  f o s s i l s  t h a t  have come to  l i g h t  a re  th o se

found by Dr. B, A. S tu r t  in  a l im e s to n e  w ith in  th e  K lubben Q uart z i t e  

Group, which i s  th e  lo w e s t member o f th e  su c c e ss io n  exposed in  S / r /y  

( S tu r t ,  M il le r ,  and F i t c h ,  1 9 67). They have been i d e n t i f i e d  by P ro f .

G. H. H olland  a s  a rc h a e o c y a th id s ,  o f a  ty p e  r e s t r i c t e d  t o  m iddle Lower 

Cambrian. I t  i s  c o n s id e re d  t h a t  th e  m etased im en ta ry  s u c c e ss io n  in  

S /r /y  i s  p a r t l y  o f Eocam brian age w ith  an e x te n s io n  in to  th e  Cambrian 

(Ramsay and S t u r t ,  1963; R o b e r ts , 1965, 1967; S t u r t ,  M i l l e r ,  and F i tc h ,  

1967).

P o tass iu m -arg o n  age d e te rm in a tio n s  made on l a t e  nep h e l in e - s y e n i te s  

in  w estern  S / r / y  in d ic a te  t h a t  th e  C aled o n ian  orogeny began in  t h i s  

reg ion  w e ll b e fo re  Upper A ren ig  tim es  ( S tu r t ,  M i l le r ,  and F i t c h ,  1967). 

This means t h a t  th e  y o u n g es t p o s s ib le  age o f th e  m etased im en ts i s  p ro 

bably Upper Cambrian.



30

STRUCTURE

In tro d u c tio n

The developm ent and s t r u c tu r e  o f th e  ig neous com plex i s  in t im a te ly  

r e la te d  to  m ajor s t r u c t u r e s  o f th e  c o u n try  ro c k s .  T h e re fo re  a con

s id e r a t io n  of th e  s t r u c tu r e  o f th e  m etased im en ts  i s  o f  g r e a t  im p o rtan ce .

Two m ain e p iso d e s  o f  f o ld in g  a re  r e c o g n is e d  in  th e  m e tase d im en ts , 

and th e s e  were in t e n s e ,  com plex, and p r o t r a c t e d .  In  th e  H u s f jo rd  a r e a ,  

the  g e n e ra l a t t i t u d e  of th e  m e tased im en ta ry  band ing  i s  p r in c ip a l l y  due 

to  th e  second e p iso d e  o f f o ld in g .

The f i r s t  m ajor e p iso d e  (F]_) i n  S /^r/y , i s  c h a r a c te r iz e d  by l a r g e -  

sca le  recum bent f o ld in g  in  w hich movement was to w ard s  th e  e a s t  and 

so u th -e a s t (Ramsay and S t u r t ,  1963; R o b e r ts ,  1 9 6 5 ). The m etased im en ts  

in  th e  H u s f jo rd  a r e a  a l l  l i e  on one lim b  o f a  l a r g e  ^*old, and th e  

only v i s i b l e  ev id en ce  o f Fj_ s t r u c tu r e s  i s  in  m inor f o ld s .

In  th e  second m ajor e p iso d e , F ^ , f o ld s  o f more open s ty le  were 

formed, and th e s e  have orthorhom b i c  o r m o n o c lin ic  symmetry (Ramsay 

and S tu r t ,  1963 ) .  These g e n e r a l ly  have a x i a l  t r e n d s  c lo s e  to  th o se  

of th e  F^ s t r u c t u r e s ,  and in  th e  ca se  o f th e  m o n o c lin ic  f o ld s  th e  

e a s te rn  or s o u th - e a s te r n  lim b s  a r e  o f te n  s l i g h t l y  o v e r tu rn e d . The 

m etasedim ents in  th e  H u sfjo rd  a r e a  l i e  w ith in  one o f th e s e  o v e rtu rn ed  

lim bs.

The ?2 f o ld in g  e p iso d e  ap p ea rs  t o  have had two m ain phases 

(R oberts, 1965). I n  th e  H u s fjo rd  a r e a  th e r e  was c o n s id e ra b le  igneous 

a c t i v i t y  d u rin g  and a f t e r  th e  e a r l i e s t  F2 movements, and b e fo re  th e
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l a t e s t  d e fo rm a tio n . The l a t e  ?2  phase i s  p ro b ab ly  r e s p o n s ib le  fo r  

th e  open a rc u a te  form  o f th e  igneous com plex and i t s  m etased im en tary  

envelope.

The key to  th e  s t r u c t u r a l  h i s t o r y  o f th e  m etased im en ts  l i e s  in  

th e  m inor s t r u c t u r e s .  These w i l l  be c o n s id e re d  b e fo re  th e  m ajor 

s t r u c tu r e s  a re  d is c u s s e d  and c o r r e l a t e d  w ith  th e  r e g io n a l  t e c to n ic s  of 

S / r /y .

T urner and W eiss (1963) have d e f in e d  fo u r  c la s s e s  f o r  th e  s c a le  

of g e o lo g ic a l  b o d ie s .  These a re  su b m ic ro sc o p ic , m ic ro sc o p ic , m esoscop ic , 

and m acro sco p ic . In  t h i s  t h e s i s ,  th e  te rm s  m inor s t r u c tu r e s  and m ajor 

s t r u c tu r e s  co rre sp o n d  w ith  m esoscopic and m acro sco p ic  a s  d e f in e d  by 

Turner and W eiss.

MINOR STRUCTURES

F i  S t r u c tu r e s

The e a r l i e s t  f o ld s  t h a t  a re  seen  a re  t i g h t  i s o c l i n a l  f o ld s  ly in g  

w ith in  th e  g e n e ra l  b an d in g . They a re  p a r t i c u l a r l y  w e ll  p re se rv e d  in  

the psam m ites and s e m i- p e l i t e s  group and in  th e  c a l c - s i l i c a t e  bands 

in  the  l im e s to n e s  o f th e  c a l c - s i l i c a t e - s c h i s t s  g roup . The e a r ly  age of 

th ese  f o ld s  i s  d em o n stra ted  by th e  f a c t  t h a t  th e y  a re  o f te n  r e fo ld e d  

by l a t e r  f o ld s ,  and a ls o  t h a t  o c c a s io n a l ly  th e y  a re  c u t by am phibo lized  

b asic  s h e e ts .  They a re  m inor f o ld s  a s s o c ia te d  w ith  th e  l a r g e - s c a le  

recumbent s t r u c tu r e s  p roduced  d u rin g  th e  F-j_ movements.
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T his  e a r ly  e p iso d e  o f d e fo rm a tio n  was lo n g  and com plex, and must 

have been composed o f s e v e ra l  p h ases  o f f o ld in g  r a t h e r  th a n  of one 

con tinuous movement. T h is  i s  borne ou t by th e  f a c t  t h a t  th e s e  s o -c a l le d  

F j fo ld s  deform  a  p r e - e x i s t i n g  s c h i s t o s i t y .  In  one ca se  th e  f o ld  

occurs in  a  pre-F^^ b a s ic  s h e e t  i n  w hich th e r e  i s  a  f a i n t  s c h i s t o s i t y  

which fo llo w s  around  th e  f o ld  ( P la te  3 ) .  T h is  f o ld  i s  ty p i c a l  o f th e  

in tra b a n d in g  i s o c l i n a l  f o ld s  o f th e  e a r ly  g e n e r a t io n ,  b u t th e  p re se n c e  

of th e  s c h i s t o s i t y  in d ic a te s  th e  o ccu rren c e  o f a  phase o f d e fo rm a tio n  

p r io r  to  th e  fo rm a tio n  o f t h i s  p a r t i c u l a r  f o ld ,  p o s s ib ly  an e a r l i e r  

phase of th e  F^ movements.

The form  talcen  by th e s e  F-j_ f o ld s  i s  t i g h t l y  i s o c l i n a l ,  w ith  th e  

lim bs ly in g  p a r a l l e l  o r s u b p a r a l le l  t o  one a n o th e r ,  th e  w id th  a c ro s s  

the two lim b s u s u a l ly  b e in g  i n  th e  o rd e r  o f ab o u t 10 cm. The am p litu d e  

and w avelength  o f th e  f o ld s  a re  in d e te rm in a te  a s  th e  com plem entary f o ld s  

ad jacen t to  any p a r t i c u l a r  f o ld  a re  n o t seen . A lso , f o r  th e  same 

reaso n , th e  sen se  o f o v e r tu rn in g  or v e rg en ce  o f th e  f o ld s  canno t be 

determ ined. Due to  th e  o b l iq u i ty  o f th e  s u r fa c e  o f exposure to  th e  

fo ld  a x e s , th e  f o ld  h in g e s  g e n e r a l ly  ap p ear c o n s id e ra b ly  th ic k e n e d .

Thus i t  i s  d i f f i c u l t  to  be su re  w hether th e  f o ld s  a re  o f c o n c e n tr ic  

type or of s im i la r  ty p e .

The p r e s e n t  t r e n d s  o f th e  axes o f th e s e  e a r ly  m inor f o ld s  v a ry  

according to  th e  a t t i t u d e  o f th e  lim b  o f th e  l a t e s t  f o ld in g  in  which 

they  a re  s i t u a t e d .  F u rth e rm o re , F^ a n tifo rm s  o f te n  have a d i f f e r e n t  

a x ia l  d i r e c t io n  from  F]_ synform s w ith in  th e  same lim b  o f a  l a t e r  f o ld ,  

example, a t  K o b b e rfjo rd , w ith in  th e  s te e p  w e s te rn  lim b o f a  f o ld  o f



m m
P la te  3 * Folds o f two d iffe r e n t  generations 
defined by b asic  sh ee ts; the t ig h t  i s o c l in a l  
fo ld  i s  o f  F^ age, and the m onoclinic fo ld  
i s  o f  F2 age. Kobberfjord.
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th e  l a t e s t  g e n e ra t io n ,  F]_ a n tifo rm  ax es  t r e n d  a t  1^0^ -  150^ and plunge 

to  th e  N.W. a t  a n g le s  o f -  60^; synform s in  th e  same lim b have 

a x ia l  t r e n d s  o f 010° 015^ and p lu n g es  o f 20° -  40^ to  th e  N.N.E.

Since t h i s  swing in  d i r e c t i o n  of th e  F^ m inor f o ld s  o ccu rs  w ith in  th e  

same lim b of an  F2 f o ld ,  i t  w ould ap p ea r t h a t  i t  i s  a  p rim ary  f e a tu r e  

of th e  F]_ f o ld s .

The m ost w e l l -p re s e rv e d  F^ f o ld s  occu r i n  m e ta lim esto n e  r a f t s  

w ith in  th e  ig n eo u s  com plex a t  H avnef j o r d ,  and h e re  th e  shapes o f th e  

F]_ fo ld s  can  be c l e a r l y  se e n . C a l c - s i l i c a t e  bands a re  fo ld e d  in to  

i s o c l in a l  f o ld s  h av in g  a x i a l  p la n e s  d ip p in g  t o  th e  n o r th  a t  abou t 50° 

(P la te  A) • The ax es o f th e s e  f o ld s  a re  seen  to  cu rv e  w ith in  th e  a x ia l  

p lan es . B ecause th e  axes a re  cu rv ed  in  a  p la n e  su b p e rp e n d ic u la r  to  

the  e ro s io n  s u r f a c e ,  th e  c a l c - s i l i c a t e  bands o u tc ro p  in  a  s e r i e s  o f 

’eyes* ( P la te s  5 and 6 ) .  These f o l d - d o  su r  e s  i n  th e  c a l c - s i l i c a t e  

bands w eather o u t a s  l i t t l e  ’b o a t s ’ ( P la te  7)#

S ijn ila r  eyed f o ld s  have been  fo u n d  i n  o th e r  a r e a s  o f S/6r/6y (R o b e rts , 

1965; S tu r t  and Ramsay, p e rs o n a l com m unication) and in  each  case  th e y  

are  due to  th e  c u rv a tu re  o f th e  ax es  o f th e  F^ f o ld s .  N icho lson  (19^3) 

has d e sc r ib e d  some eyed f o ld s  from  m a rb le s  i n  N o rth e rn  Norway. He 

does no t c o m p le te ly  a c c e p t th e  th e o ry  t h a t  such s t r u c tu r e s  a re  due to  

in te r f e re n c e  p roduced  by th e  s u p e rp o s i t io n  o f  f o ld s  a s  advocated  by 

Ramsay (1962) .  He c o n s id e rs  t h a t  th e y  may be form ed in  one phase of 

fo ld in g  by d i f f e r e n t i a l  movement w i th in  and a lo n g  th e  a x ia l  p lane of 

the f o ld s .

In  th e  D a lra d ia n s  o f th e  S c o t t i s h  H ig h la n d s , some o f th e  e a r ly



P la te  4 . fo ld  in  c a lc - s i l i c a t e  band. 
Havnefjordbotn.
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Plate 3 . Eyed fo ld  in  a c a lc - s i l i c a t e  band. 
Havnef j ordbotn.

Plate 6 . Eyed fo ld  in  a 
c a lc - s i l ic a t e  band. 
Havnef 3 ordbotn.



P late  7 * * Boat-fold* in  a c a lc - s i l i c a t e  band. From
Havnefjordbotn.
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fo ld s  have c u rv in g  axes (V e i l ,  I 960 ) .  V e il  l i s t s  f o u r  p o s s ib le  

ex p la n a tio n s  f o r  th e  fo rm a tio n  o f cu rv ed  axes -

(1) U nequal s t r e t c h in g  a lo n g  th e  s t r i k e  o f th e  a x i a l  p la n e s

(contem poraneous fo rm a tio n )

(2) S ubsequen t r o t a t i o n  o f d e ta c h e d  h in g e s  o f f o ld s  w ith

norm al axes

(3) Bedding (b an d in g ) p la n e s  b u c k le d  b e fo re  fo ld in g

(4) Bedding (b an d in g ) p la n e s  i n t e r s e c t e d  by a x i a l  p la n e s  hav ing

d i f f e r e n t  a t t i t u d e s .

He s t a t e s  t h a t  ( 2 ) ,  ( 3 ) ,  and (4) have b een  o b se rv ed , b u t t h a t  ( l )  

has n o t been  c l e a r l y  d em o n stra te d .

E x p e rim en ta l work and m a th em a tica l a n a ly s is  by B h a tta c h a r j  i  (195S), 

however, s u p p o rts  th e  v iew  o f a  contem poraneous o r ig in  o f cu rved  axes

and c r o s s - f o ld s .  They a r e  form ed by d i f f e r e n t i a l  flow age w ith in

developing f o ld s ,  e s p e c ia l ly  a t  th e  nappe s ta g e  o f f o ld in g .  He says 

they a re  form ed p a r t i c u l a r l y  in  an  a s s o c ia t io n  o f a l t e r n a t e  e l a s t i c  

and p l a s t i c  m a te r ia ls  o r m a te r ia l s  o f  d i f f e r e n t  e la s t i c o - v i s c o u s  

p ro p e r t ie s .

Such a  d i f f e r e n c e  in  e l a s t i c o - v i s c o u s  p r o p e r t i e s  e x i s t s  betw een 

the c a l c - s i l i c a t e  bands and th e  lim e s to n e  in  th e  c a se  under p re se n t 

c o n s id e ra tio n . I t  seems l i k e l y  t h a t  th e  sw ings i n  th e  axes o f th e  

fo ld s  could  be p rim ary  f e a t u r e s ,  form ed by d i f f e r e n t i a l  movement o f 

m a te ria l a long  th e  a x ia l  p la n e s  a s  e n v isa g e d  by N ich o lso n  and by 

B hattachar j  ! .. These e a r ly  f o ld s  were p ro b ab ly  e s s e n t i a l l y  flow  fo ld s  

which d e fo rm a tio n  was o f a  p l a s t i c  k in d . In  such  c o n d itio n s  i t  i s
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most l i k e l y  t h a t  l o c a l  h e te r o g e n e i ty  would p re c lu d e  th e  fo rm a tio n  of 

p e r f e c t ly  l i n e a r  a x e s , and would fa v o u r  th e  developm ent o f cu rv in g  ax es .

In  summary, f o ld s  a re  c h a r a c te r iz e d  by recum bent i s o c l i n a l  

f o ld s ,  p ro b ab ly  o f flo w  f o ld  ty p e ,  w hich have ax es  cu rv ed  in  th e  

p lane of th e  a x i a l  p la n e .

E a r ly  F2 S t r u c tu r e s

?2  f o ld s  a re  c h a r a c te r iz e d  by a  more open s ty l e  th a n  th o se  o f 

F^, and a re  o c c a s io n a l ly  see n  to  r e f o ld  F^ f o ld s .  In  th e  so u th 

w estern  p a r t  o f  th e  a r e a ,  w here th e  s t r i k e  o f  th e  m etased im en ts  i s  

app rox im ate ly  N-S, th e  F2 m inor f o ld s  have a  m o n o c lin ic  symmetry.

They a re  a sy m m e tric a l, w ith  a  v erg en ce  to w ard s  th e  w est and n o r th 

west ( P la te  3 ) .  I f  P u m p elly ’ s r u le  i s  a p p l ic a b le  h e r e ,  t h i s  would 

in d ic a te  t h a t  th e  m e tased im en ts  in  t h i s  b e l t  a r e  on th e  in v e r te d  lim b 

of an asy m m etrica l a n t ifo rm  ly in g  tow ards th e  w est and n o r th - iæ s t  

( i . e .  tow ards th e  l e f t  o f  P la te  3 )•

In  th e  n o r th e rn  p a r t  o f  th e  a r e a ,  where th e  g e n e ra l  s t r i k e  o f th e  

m etasedim ents i s  ap p ro x im a te ly  E-W, th e  F2 m inor f o ld s  a re  n o t so 

markedly a sy m m etric a l. In  some c a s e s  c o n ju g a te  f o ld s  a re  form ed (P la te  

B), in  w hich th e  a x i a l  p la n e s  o f  opposing  p a i r s  o f  f o ld s  d ip  in  

opposite d i r e c t io n s .  The symmetry o f th e s e  c o n ju g a te  fo ld s  i s  n o t 

t ru ly  o rthorhom bic s in c e  th e  ax es  o f th e  c o n ju g a te  p a i r s  a re  n o t 

ex ac tly  p a r a l l e l ,  and th e  k in e m a tic  b - a x is  does n o t l i e  in  th e  p lan e  

of the  band ing  (Ramsay, 1962a; Ramsay and S t u r t ,  I 963 ) # lu  th e  S to re lv  

a rea , to  th e  n o r th  o f th e  H u s f jo rd  a r e a ,  th e  s t r i k e  o f th e  m etased im en tary



P late  8 . ?2 f o ld s .  Havnefjordbotn.
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b e l t  i s  a p p ro x im a te ly  E-W. In  t h a t  a re a  th e  F2 m inor f o ld s  a ls o  

commonly form c o n ju g a te  p a i r s  o f o rtho rhom bic  and low er sym m etries, 

which were form ed by d e fo rm a tio n  a lo n g  com plem entary sh e a rs  (Ramsay and 

S tu r t ,  1963) .  In  th e  n o r th e rn  p a r t  o f th e  L a n g stran d  a r e a ,  where th e  

m etasedim ents s t r i k e  a p p ro x im a te ly  N-S, th e  p redom inan t s ty l e  of th e  

?2 m inor f o ld s  i s  m o n o c lin ic  (R o b e rts  1 9 6 5 ). Towards th e  so u th  of 

t h a t  a r e a ,  how ever, th e  s t r i k e  sw ings t o  an E-W d i r e c t io n  and th e  

minor f o ld s  become l e s s  a sy m m e tric a l, and numerous c o n ju g a te  f o ld s  

are dev elo p ed . T h is  change in  s ty l e  o f th e  F^ f o ld s  t h a t  o ccu rs  in  

the L an g stran d  a r e a  seems to  be r e f l e c t e d  in  th e  H u s fjo rd  a r e a ,  where 

a s im ila r  change ta k e s  p la c e  a s  th e  b e l t  o f m etased im en ts  sw ings from 

a N-S s t r i k e  to  an  E-W s t r i k e .

F2 m inor f o ld s  occur in  many d i f f e r e n t  s i z e s ,  v a ry in g  from  a few 

c e n tim e tre s  t o  s e v e ra l  m e tre s  in  a m p litu d e . The shapes o f th e  F2 f o ld s  

are a lm ost in v a r ia b ly  c h a r a c te r iz e d  by th ic k e n e d  h in g e s ,  sometim es 

c o n s id e ra b ly  th ic k e n e d . I n  many c a se s  i t  would ap p ea r t h a t  th e  lim bs 

have a ls o  been  somewhat a t t e n u a te d ,  and t h i s  i s  e s p e c ia l ly  t r u e  o f 

those f o ld s  hav ing  a  m o n o c lin ic  symmetry. I n  th e s e  c a s e s ,  th e  f o ld s  

are of s im i la r  f o ld  ty p e ,  and may w e ll have form ed by a  mechanism 

invo lv ing  a c e r t a i n  amount o f f l a t t e n i n g  in  th e  a c - s e c t io n  as  d e sc r ib e d  

by Ramsay (1962b ) .  ( P la te  3 sh o u ld  be com pared w ith  F ig . 8 in  Ramsay,

1962b ) .
in  th e  sym m etrica l f o ld s  o f th e  E^W b e l t  th e  h in g e s  a re  th ic k e n e d  

a.nd th e  f o ld s  ap p ear to  be o f s im i la r  ty p e .  I n  th e  case  o f th e  con

jugate  f o ld s ,  i t  i s  p ro b a b le  t h a t  a  mechanism such a s  t h a t  d e sc r ib e d
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by Ramsay (1962a) was i n  o p e ra t io n ,  a lth o u g h  th e r e  i s  g e n e ra l ly  no 

s ig n  of th e  c o n ju g a te  s h e a r s .  A bsence o f marked s h e a rs  p ro b ab ly  in d ic a 

t e s  t h a t  th e  s t a t e  o f  th e  ro c k s  a t  th e  tim e o f fo rm a tio n  o f th e  f o ld s  

was n o t v e ry  b r i t t l e .

On many o f th e  b and ing  s u r f a c e s ,  p a r t i c u l a r l y  o f th e  psam m ites, 

th e re  i s  a  l i n e a t i o n  w hich i s  due t o  m ic ro fo ld in g  in  th e  b an d in g .

This l i n e a t i o n  i s  p a r a l l e l  t o  th e  ax es  o f th e  F2 m inor f o ld s  and i s  thus 

a b - l i n e a t io n  form ed d u r in g  th e  F2 movem ents. Any l i n e a t i o n  a s s o c ia te d  

w ith  e a r l i e r  f o ld in g  e p iso d e s  m ust have s in c e  been  e l im in a te d .

In  th o se  h o r iz o n s  o f th e  m etased im en ts  where th e r e  a re  m assive 

bands o f a  h ig h ly  com peten t l i t h o lo g y  i n t e r c a l a t e d  w ith  bands of l e s s  

competent ro c k , boudinage s t r u c t u r e s  a re  som etim es d ev e lo p ed . These 

are t e c to n ic  s t r u c tu r e s  w hich a re  g e n e r a l ly  c o n s id e re d  to  be due to  

a r e l a t iv e  s t r e t c h in g  o f th e  bands in  a  d i r e c t i o n  p a r a l l e l  t o  th e  

banding (Ramberg, 1955; R a s t 1 9 5 6 ). The i n t e r n a l  te n s io n  th u s  s e t  up 

along th e  band ing  te n d s  t o  cau se  ru p tu re  o f th e  com petent band w h i ls t  

the incom peten t bands on e i t h e r  s id e  y i e l d  t o  d e fo rm a tio n  in  a  p l a s t i c  

fa sh io n .

Boudinage s t r u c tu r e s  a re  f a i r l y  common in  th e  psam m ites and 

se m i-p e li te s  g ro u p . H ere , th e  more com peten t bands form e lo n g a te  

boudins which ran g e  up t o  a  m e tre  i n  le n g th  and a few  te n s  o f c e n t i 

m etres in  th ic k n e s s .  The form s o f  th e  b o ud ins v a ry ;  th o se  formed in  th e  

more m assive bands have a  l e n g th / th i c k n e s s  r a t i o  s m a lle r  th a n  th o se  in  

the  l e s s  m assive b an d s , and have a  lo z e n g e  shape . Those o cc u rrin g  

in  le s s  m assive bands a re  more e lo n g a te  and a re  sau sag e-sh ap ed  ( P la te  9)#



P la te  9» Boudinage in  
s l i g h t l y  m igm atized 
psam m ites and sem i- 
p e l i t e s .  K o b b e rfjo rd .

i

P la te  1 0 . T e c to n ic  i n 
c lu s io n s  form ed by b a s ic  

K o b b erfjo rdsheets
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In  many c a se s  com plete  r u p tu r e  h as  n o t ta k e n  p la c e ,  and th e  boudins 

have n o t become s e p a ra te  e n t i t i e s  b u t form  a s t r i n g  o f connected  

* sausages* ( P la te  9)* I n  th e s e  c a s e s  th e  b o u d in s  a re  i n  an in c ip ie n t  

c o n d itio n , and th e  i n i t i a l  s ta g e s  o f th e  fo rm a tio n  o f boudinage 

s t r u c tu r e s  i s  d em o n stra ted  by th e  'n eck in g *  o r ex trem e th in n in g  o f 

th e  com petent bands ( c f .  E a s t  1 9 5 6 ). I n  some o f th e  boud inage s t r u c tu r e s  

where ru p tu re  h as ta k e n  p la c e ,  th e r e  i s  ev id en ce  o f movement a lo n g  th e  

p lane o f f r a c t u r e .  A d jacen t b o ud ins a re  s l i g h t l y  o f f - s e t  r e l a t i v e  to  

one an o th e r a lo n g  t h i s  p la n e ,  which a t  l e a s t  in  some c a s e s  i s  p a r a l l e l  

to  a prom inent j o i n t  d i r e c t io n  i n  th e  ro c k s  ( P la te  9 ) .  I t  i s  to  be 

noted t h a t  t h i s  j o i n t  d i r e c t i o n  i s  n o t p e r f e c t ly  a t  r i g h t  a n g le s  to  

the  banding so t h a t  th e r e  i s  a ten d en cy  f o r  a  s l i g h t  r o t a t i o n  o f th e  

boudins to  talce p la c e ,  th u s  c a u s in g  th e  o f f - s e t t i n g  r e l a t i o n s h i p  ( c f .

E ast 1956) .  There i s  n o t u s u a l ly  any s ig n i f i c a n t  amount o f m in e ra l 

seg reg a tio n  in  th e  n o des.

A more advanced s ta g e  in  th e  developm ent o f boudinage i s  shown by 

some of th e  b a s ic  s h e e ts .  H ere , th e  p ro c e s s  h as  c o n tin u e d  beyond th e  

ac tu a l ru p tu r in g  o f th e  s h e e t s ,  and th e  bou d in s have become c l e a r ly  

separated  from one a n o th e r ,  fo rm ing  t e c to n ic  in c lu s io n s  (P la te  1 0 ) .

This i s  th e  l a s t  s ta g e  in  th e  e v o lu t io n  o f bou d in s a s  d e s c r ib e d  by 

East (1956) .  Some o f th e  th i c k  b a s ic  s h e e ts  form  la r g e  boudins which 

se p a ra te d  from  one a n o th e r  by s e v e ra l  m e tre s .

Where a th re e -d im e n s io n a l  p i c tu r e  o f b o u d in s  i s  o b ta in e d , i t  can  

seen th a t  th e y  a re  e lo n g a te d  i n  a  d i r e c t io n  w hich i s  p a r a l l e l  to  

■the tre n d  of th e  f o ld s  in  t h a t  a r e a ,  llany o f  th e  b a s ic  sh e e t boudins
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e x h ib i t  a  b - l i n e a t i o n  due t o  th e  o r i e n ta t i o n  of m in e ra ls .  I t  would 

seem t h a t  boudinage s t r u c tu r e s  form ed a s  a  r e s u l t  o f i n t e r n a l  te n s io n a l  

fo rc e s  s e t  up in  th e  m etased im en ts  d u r in g  th e  F2 movements. Boudinage 

s t r u c tu r e s  o f ?2  a re  d e s c r ib e d  by R o b e rts  in  th e  Lang s tr a n d  a re a  

(R oberts 1 9 65).

L a te  F2 S t r u c tu r e s

The r ig h t - a n g le d  swing in  th e  s t r i k e  o f th e  m etased im en ts  t h a t  

has a lre a d y  been  m entioned  i s  due to  a l a r g e  open w a rp -fo ld , which 

was formed d u r in g  th e  l a s t  phase o f ?2  movements in  th e  a r e a .  The 

ax is  of t h i s  f o ld  p lu n g es  a t  ab o u t 60° t o  th e  W.N.W, To th e  n o r th 

e a s t of th e  H u sfjo rd  a r e a  th e  s t r i k e  o f th e  m etased im en ts  a g a in  swings 

to  a N-S tre n d  (R o b e rts , 1 9 6 5 ). R o b e rts  c o n s id e rs  t h a t  t h i s  o r th o g o n a l 

swing in  th e  L a n g stran d  a r e a  i s  n o t due to  a s e p a ra te  p o s t-F 2 t e c to n ic  

episode. H is argum ent i s  t h a t  th e  changes in  th e  symmetry o f th e  F2 

fo ld s  a re  dependent upon w h eth er th e y  a re  on an E-W b e l t  o r a' H-S b e l t .  

This in d ic a te s  t h a t  th e  fo rm a tio n  o f E-W b e l t s  and N-S b e l t s  co u ld  

not s ig n i f i c a n t ly  p o s t - d a te  th e  main F^ movem ents, b u t m ust be a  p a r t  

of them. A l t e r n a t iv e ly ,  he su g g e s ts  t h a t  th e  p o s s i b i l i t y  o f th e  swing

being a p rim ary  f e a tu r e  o f  th e  F̂ _ f o ld in g  may n o t be e n t i r e ly  ru le d  

out.

In  th e  H u s fjo rd  a r e a ,  th e  l a t t e r  i s  c l e a r l y  n o t th e  case  s in c e  

the igneous com plex, which i s  e n t i r e l y  p o s t-F ^ , i s  deform ed by th e  

open w arp -fo ld . I t  ap p ea rs  t h a t  th e  f o ld in g  was a s s o c ia te d  w ith  th e  

2 movements, b u t i t  was p ro b a b ly  a  c o m p a ra tiv e ly  l a t e  phase of th e
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?2 ep iso d e  s in c e  i t  deform s some members of th e  ig n eo u s com plex which 

were emplaced a f t e r  th e  e a r ly  s ta g e s  o f th e  F2 movements. The evidence 

prov ided  by th e  symmetry o f th e  F2 m inor f o ld s  a s  d is c u s s e d  above, s tro n g 

ly  su p p o rts  th e  view  t h a t  th e  w a rp -fo ld in g  i s  a s s o c ia te d  w ith  th e  F2 

movements, p resum ably  a s  a l a t e - s t a g e  accom m odation s t r u c t u r e .

The form  o f t h i s  l a t e  l a r g e  w a rp -fo ld  i s  shown w e ll by th e  

re g io n a l fo ld in g  o f d i o r i t e  bands t h a t  have been  em placed in to  th e  

H usfjo rd  gabbro  (se e  r e l e v a n t  s e c t io n  un d er H u s f jo rd  m etagabbro , p . 72 .) 

These d i o r i t e s  a re  s u b p a r a l le l  t o  th e  s t r i k e  o f th e  m etased im en ts , 

and a s te re o g ra p h ic  p lo t  o f  th e  f o ld  i s  g iv e n  in  t h i s  c h a p te r  s in c e  i t  

i s  of re le v a n c e  to  th e  g e n e ra l  s t r u c tu r e  (F ig .  6 ) .

The l a t e s t  s ta g e  o f d e fo rm a tio n  was o f a  r e l a t i v e l y  b r i t t l e  n a tu re ,

and numerous l a t e  sh e a r-z o n e s  and m y lo n ite s  form ed in  c o n n ec tio n  w ith

i t .  These a re  in  ev id en ce  in  th e  ro c k s  o f th e  ig n eo u s com plex, and

w ill be c o n s id e re d  in  more d e t a i l  when th e  a p p r o p r ia te  ro c k s  a re  b e in g

describ ed . However, i t  i s  i n s t r u c t i v e  t o  i n s e r t  i n to  th e  p re s e n t

chapter a s te re o g ra p h ic  p l o t  o f  th e  a t t i t u d e  o f th e  l a r g e r  o f  th e se

shear zones and m y lo n ite s  (F ig .  7 ) .  I t  i s  t o  be n o te d  t h a t  th e  g e n e ra l

dip of th e se  sh e a rs  i s  ab o u t 35^-4^° t o  th e  S.S.W . The s t r i k e

d ire c tio n  of th e  sh e a r  p la n e s  i s  W .N .W .-E .S .E ., w hich i s  p a r a l l e l  t o

the tre n d  o f th e  a x is  o f th e  l a t e  w a rp - fo ld .  They a re  lo w -an g le  s h e a rs ,

po ssib ly  r e l a t e d  to  th e  l a t e  F2 f o ld in g .  They may form  one s e t  o f a

conjugate p a i r  which d ev e lo p ed  t o  th e  e x c lu s io n  of th e  com plem entary 

s e t,

The fo rm a tio n  o f th e s e  s h e a rs  and m y lo n ite s  a p p e a rs  to  be th e  

l a s t  te c to n ic  a c t i v i t y  t o  be re c o rd e d  in  th e  H u s f jo rd  a r e a .
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2 0 0  p o i n t ;

Equal area p ro jec t io n  
(Schmidt net)

Contours:

FIG. 6
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MAJOR STRUCTURES

Study o f th e  m inor s t r u c tu r e s  in  th e  H u sfjo rd  a r e a ,  and th e  

p rev io u s  work o f Ramsay and S t u r t  ( 1963 ) and R o b e rts  (1965) have 

shovm t h a t  in  S/Sr/6y  th e r e  have been  two m ajor e p iso d e s  o f fo ld in g ,  

which a re  term ed  f o r  conven ience and F2 . The fo rm er was ch a rac 

te r iz e d  by la r g e  recum bent i s o c l i n a l  f o ld s  o v e r tu rn e d  tow ards th e  e a s t  

and so u th ; th e  Fp f o ld s ,  w hich a re  o f te n  seen  to  r e f o ld  F-̂  s t r u c tu r e s ,  

are  e i t h e r  o rthorhom bic  o r m o n o c lin ic  in  s t y l e , and in  th e  l a t t e r  case  

verge tow ards th e  s o u th - e a s t .

The p r e s e n t  c o n s tr u c t io n  o f th e  r e g io n a l  s t r u c tu r e s  has been 

made from th e  c o r r e l a t i o n  o f th e  b e l t  s t r a t ig r a p h y  by th e s e  p rev io u s  

w orkers. P a r t i c u l a r l y  u s e fu l  m arker h o r iz o n s  have been  p ro v id ed  by 

a lim esto n e  b e l t ,  th e  F a lk en es  L im esto n e , and by a  b e l t  o f  m ig m atite s  

(F ig . 8 ) .

The n o r th -w e s te rn  o u tc ro p  o f th e  lim e s to n e  b e l t  i s  an  F]̂  s y n c lin a l  

core which c lo s e s  downwards ( S tu r t  and Ramsay, p e rs o n a l  com m unication). 

In  th e  D /5nnesfjord a re a  i t  i s  a  com plex b u t u n i f i e d  co re  which d iv id e s  

in to  two p r in c ip a l  d i s c r e t e  c o re s  when t r a c e d  e i t h e r  w estw ards or 

eastw ards ( S tu r t ,  p e rso n a l com m unication). Towards th e  e a s t ,  th e  

sou th ern  co re  d ie s  o u t a t  L o tre  (Ramsay, p e rso n a l com m unication).

The s o u th - e a s te rn  o u tc ro p  o f th e  l im e s to n e  l i e s  on th e  upper lim b 

of th e  F^ H)6nesby  F o ld  i n  N.E. S/$r;6y  (R o b e r ts ,  1 9 6 5 ), and as  i t  i s  t ra c e d  

to  th e  S.W. ap p e a rs  t o  ru n  tow ards th e  H u s fjo rd  a r e a ,  a lth o u g h  th e  

in te rv e n in g  a re a  i s  a s  y e t  unmapped. In  th e  H u sfjo rd  a re a  th e  presumed 

c o n tin u a tio n  o f t h i s  lim e s to n e  b e l t  h as been  en g u lfed  by  th e  H u sfjo rd
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m etagabbro s h e e t and now o ccu rs  a s  r a l ' t s  w ith in  th e  m etagabbro (see  

p. 6 5 .)  At L a n g stra n d  th e  lim e s to n e  i s  fo ld e d  around th e  nose of 

a t i g h t  s y n c l in a l  f o ld ,  p ro b ab ly  a c o n t in u a t io n  o f th e  sync l in e  a t  

L o tre , and a com plem entary a n t i c l i n e  ( se e  F ig . 8 ) .  T h is  sm all F]_ 

a n t i c l in e  would ap p ea r to  open o u t when t r a c e d  tow ards th e  so u th -w es t, 

and th e  p re sen ce  o f a  l a r g e  F^ f o ld  a x is  th ro u g h  th e  c e n t r a l  p a r t  of 

S / r /y  has been r e p o r te d  by Ramsay (p e rs o n a l  com m unication). Large 

r a f t s  of l im e s to n e  a l s o  occu r w ith in  th e  so u th e rn  e x te n s io n  o f th e  

S to re lv  gabbro to  th e  n o r th  o f K ip p e r f jo rd  ( S tu r t ,  p e rso n a l communica

tio n )  .

The ro ck s  o c c u rr in g  betw een th e  b ran c h e s  o f th e  d iv id e d  s y n c lin a l  

core a re  m ain ly  psam m ites, th e  Klubben Q u a r tz i te  Group, and a re  only  

s p o ra d ic a l ly  m igm atized . However, th e  K lubben Q uart z i t e  Group ou tcropp ing  

in  th e  c e n t r a l  p a r t  o f  S /r# y  and to  th e  n o r th  o f th e  n o r th -w e s te rn  

lim esto n e  b e l t  i s  e x te n s iv e ly  m igm atized ( S tu r t ,  p e rso n a l communiea tio n ^

For conven ience  in  th e  fo llo w in g  d is c u s s io n ,  i t  i s  proposed to  

c a l l  th e  F]_ s y n c l i  n a l  co re  th e  S to re lv  F o ld , and th e  F^ a n t i c l i n e  

the  Kuvik F o ld , s in c e  i t  a p p e a rs  to  p a ss  th ro u g h  Kuviken (see  F ig . 8 ) .

A s im p l i f ie d  d iagram m atic  r e c o n s t r u c t io n  o f th e  s t r u c tu r e  of 

N.E. S/5r/y, a f t e r  R o b e rts  (1 9 6 5 ), a p p e a rs  in  F ig . 9A. The F^ H/$nesby 

Fold has been  r e fo ld e d  by F2 f o ld s  w hich v e rg e  tow ards th e  S .E . In  

th e  so u th e rn  p a r t  o f th e  a r e a  mapped by R o b e r ts , th e  p re s e n t  e ro s io n  

su rface  i s  a t  a  h ig h e r  t e c to n ic  l e v e l  th a n  i t  i s  in  th e  n o r th  of th a t  

a rea  (see  F ig , 9A ). Thus i t  i s  re a so n a b le  t o  suppose t h a t  f u r th e r  to  

the  sou th  th e  e ro s io n  s u r fa c e  i n t e r s e c t s  th e  s t r u c tu r e  a t  even h ig h e r
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te c to n ic  l e v e l s .

In  th e  p re s e n t  w r i t e r ’ s r e c o n s t r u c t io n  i t  i s  c o n s id e re d  t h a t  th e  

S to re lv  F o ld  i s  th e  ccm plem entary F]_ sync l i n e  to  th e  upper lim b of th e  

H/nesby F o ld  and th e  low er lim b o f th e  Kuvik F o ld  (F ig . 9B). In  most 

of R o b e r ts ' a r e a  th e  e ro s io n  su rfa c e  i s  low er th a n  b o th  th e  S to re lv  

Fold and th e  Kuvik F o ld . I t  i s  m ain ly  a t  L an g stran d  t h a t  th e s e  fo ld s  

a re  seen , and h e re  t h e i r  axes a re  c lo se  to  one an o th e r  because of th e  

p ro x im ity  o f th e  c lo su re  o f th e  Kuvik F o ld  (F ig , 9G). At t h i s  te c to n ic  

l e v e l  th e  so u th e rn  branch  o f th e  S to re lv  F o ld  co re  i n t e r s e c t s  th e  

e ro s io n  s u r f a c e ,  form ing th e  lim esto n e  b e l t  which p e te r s  out a t  L o tre  

(F ig , 9G ). F-urther t o  th e  w e s t, a t  h ig h e r  t e c to n ic  l e v e l s ,  t h i s  lim e

stone co re  m erges w ith  th e  n o r th e rn  b ranch  t o  form a complex u n i f ie d  

core a t  D /n n e s fjo rd  (F ig s . 8 and lOA).

M eanw hile, th e  Kuvik F o ld  has opened ou t a t  th e se  h ig h e r  te c to n ic  

le v e ls  so t h a t  th e  ro ck s  in  i t s  co re  c o n s t i tu t e  much o f th e  c e n t r a l  

p a r t  o f Sjg$r/y., The H u sfjo rd  a r e a  l i e s  on th e  up p er lim b o f th e  Kuvik 

Fold which h as  been o v e rtu rn ed  by a  la r g e  F2 f o ld ,  p o s s ib ly  a c o n tin u a tio n  

of th e  L an g stran d  A ntiform  (F ig , lOA). T h is  acco u n ts  f o r  th e  a t t i t u d e  

of th e  m etased im en ts in  th e  H u sfjo rd  a r e a ,  i . e .  d ip p in g  s te e p ly  to  th e  

n o rth  and w est w h i ls t  younging tow ards th e  s o u th - e a s t .

F u r th e r  t o  th e  S.W. th e  S to re lv  F o ld  ag a in  s p l i t s  in to  two d i s t i n c t  

cores (F ig . lOB). I f  th e  lim e sto n e  r a f t s  o cc u rrin g  w ith in  th e  so u th e rn  

e x ten s io n  o f th e  S to re lv  gabbro be long  t o  th e  F a lk en es  Lim estone Group, 

then  i t  i s  p o s s ib le  t h a t  th e y  may r e p re s e n t  th e  narrow  b e l t  o f lim esto n e  

which shou ld  occur betw een Klubben Q uart z i t e  o f th e  two F^ a n t i c l in e s
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(see F ig . lO B), I f  t h i s  i s  th e  c a s e , th e n  i t  in d ic a te s  t h a t  th e  

S to re lv  gabbro sh e e t moves up thirough th e  s t r a t i g r a p h ie  su c c e ss io n  

tow ards th e  s o u th , s in c e  a t  S to re lv  i t  l i e s  b en ea th  a  s c h i s t  group, 

th e  S to re lv  S c h is t ,  which u n d e r l ie s  th e  F a lk en es  L im esto n e .

The S to re lv  gabbro a l s o  moves up th ro u g h  th e  s u c c e ss io n  a s  i t  

i s  t ra c e d  eas tw ard s  from S to re lv  ( S tu r t  and Ramsay, p e rso n a l commun

ic a tio n )  . F u rth e rm o re , i t  becomes much n arro w er and c o n s id e ra b ly  

sheared in  t h i s  d i r e c t io n ,  and i s  p ro b a b ly  r e p re s e n te d  by th e  l a r g e ,  

sheared t e c to n ic  le n s e s  o f a m p h ib o lite  o c c u rr in g  in  th e  R e l ie f jo r d  

S c h is ts  in  N.E. S/rx^y (R o b e r ts , 1965; see a l s o  F ig s .  9B and 9^ f o r  

r e c o n s t r u c t io n ) .

In  th e  d iagram s of th e  p roposed  r e c o n s t r u c t io n  o f th e  s t r u c tu r e  

of 8 / r / y ,  th e  r e p r e s e n ta t io n  o f th e  F2 f o ld s  a re  g e n e ra l iz e d  s in c e  

th e re  a re  many m inor c o m p lic a tio n s . The p re -F 2 s t r u c tu r e  p robab ly  

approxim ated to  t h a t  shown in  F ig .  lOG, which a l s o  shows th e  p o s i t io n s  

of ttweee p r in c ip a l  syn-F^ gabbro  s h e e ts  (see  F ig . 4 ) -  These gabbros 

were em placed a lo n g  th e  lim b s  o f th e  Fq_ i s o c l i n a l  f o ld s ,  p ro b ab ly  

s u b p a ra lle l  to  th e  a x ia l  p la n e s .  T h is  acco u n ts  f o r  th e  marked d is c o r 

dancy shown by b o th  th e  S to re lv  gabbro and th e  H u s fjo rd  m etagabbro 

towards th e  N .E ., where th e y  app roach  th e  c lo s u r e s  o f th e  H/inesby 

Fold and Kuvik F o ld  r e s p e c t iv e ly  (see  F ig s .  8 and 1 0 ) .

The p roposed  r e c o n s t r u c t io n  e x p la in s  th e  sudden c lo s in g  of th e  

southern  b ranch  o f th e  S to r e lv  F o ld  co re  a t  L o tre ,  and a ls o  th e  p u z z lin g  

d is t r ib u t io n  o f th e  m igm atites*  I t  i s  su g g ested  t h a t  th e  m ig m atiza tio n  

lïiay have o ccu rred  more in te n s e ly  in  th e  c o re s  o f th e  la r g e  F]_ f o ld s .
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I f  t h i s  i s  th e  c a s e ,  th e n  i t  can  be seen  from  th e  s e c t io n s  in  F ig s .

9 and 10 t h a t  th e  a re a s  betw een th e  b ran ch es  o f th e  d iv id e d  p a r t s  of 

the  S to re lv  F o ld  have n o t s u f f e re d  m ig m a tiz a tio n  ( c f .  F ig . 8 ) .  On 

the  o th e r  hand, th e  m ig m a tite s  o c c u rr in g  in  th e  c e n tre  o f S/$r/y a re  

w ith in  th e  co re  o f th e  Kuvik F o ld , which o u tc ro p s  a g a in  to  th e  n o r th  

of th e  S to re lv  F o ld , a c c o u n tin g  f o r  th e  re a p p e a ra n c e  of th e  m ig m atite s  

in  n o r th e rn  and w e s te rn  S / r / y  (se e  F ig . 8 ) .

I f  th e  p roposed  h y p o th e s is  ap p ro x im ates  to  th e  s t r u c tu r e  o b ta in in g  

in  S/r)4y, th e n  a  s l i g h t  a d ju s tm e n t t o  R oberts*  r e c o n s t r u c t io n  (1965) 

must be made. The s u b v e r t i c a l  b e l t  o f l im e s to n e  younging to  th e  w est 

which o u tc ro p s  in  th e  S k arv f j  o rd  a re a  (F ig . 8 ) was c o n s id e re d  by 

R oberts to  be th e  low er lim b  o f th e  H /nesby F o ld  (se e  F ig . 9A). At 

th a t  tim e , mapping o f th e  n e ig h b o u rin g  a re a s  had n o t p ro g re s se d  v e ry  

f a r ,  and th e  s y n c l in a l  n a tu re  o f  th e  n o r th e rn  b ran ch  o f th e  S to re lv  

lim estone b e l t  was n o t a p p r e c ia te d .  In  th e  p ro p o sed  r e c o n s t r u c t io n  

i t  i s  su g g es ted  t h a t  t h i s  l im e s to n e  b e l t  may n o t be th e  low er lim b of 

the H/^nesby F o ld , b u t r a t h e r  p a r t  o f th e  s y n c l in a l  c o re  o f th e  S to re lv  

Fold.

A lthough a r e a s  o f S/r/^y s t i l l  rem ain  to  be mapped in  d e t a i l ,  i t  

i s  b e liev e d  t h a t  th e  p re s e n t  s t r u c t u r a l  s y n th e s is  p ro v id e s  a re a so n a b le  

working model a s  a  s t r u c t u r a l  background f o r  th e  H u sfjo rd  p lu to n ic  

igneous com plex.
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PETROGRAPHY

Psammites and S e m i-p e lite s

The psam m ites, which show v a ry in g  deg rees  of migmatization, are 

now u s u a lly  in  th e  c o n d itio n  o f g n e is s .  The most abundant mineral 

i s  q u a r tz ,  which to g e th e r  w ith  f e ld s p a r  form s an equ igranular texture 

of p o ly g o n a l, s tr a ig h t-e d g e d  g r a in s .  The g ra in s  a re  sometimes slightly- 

e lo n g a ted  p a r a l l e l  to  th e  banding in  th e  rock  which i s  produced by zones 

of sm all b i o t i t e  and m uscovite l a t h s .  The predom inant feldspar is 

p la g io c la s e  o f o l ig o c la s e  o r so d ic  an d esin e  com position , although 

p o ta sh  f e ld s p a r  a ls o  occurs and in  some c ases  t h i s  can be seen to be 

m ic ro c lin e . The p o ta sh  f e ld s p a r  i s  o c c a s io n a lly  f r in g e d  by a little 

myrmekite where c o n ta c t  i s  made w ith  th e  p la g io c la s e ,  and i t  is common 

to  f in d  th e  f e ld s p a r s  s l i g h t l y  s e r i c i t i z e d .  G arnet i s  a common mineral, 

and i s  o f te n  f a i r l y  l a r g e .  A ccessory  m in e ra ls  in c lu d e  ore, zircon, 

and a l i t t l e  secondary  c a l c i t e ,  th e  l a t t e r  m ainly  a sso c ia ted  with mus

c o v i te .

The e q u ig ra n u la r  te x tu r e  o f th e  groundmass i s  freq u en tly  inter

ru p te d  by m egacrysts  of p o ta sh  f e ld s p a r  o r la rg e  a re a s  containing 

p o ta sh  f e ld s p a r  c r y s t a l s .  These a re  p o rp h y ro b la s ts  which have grown 

d u rin g  th e  f e l d s p a th iz a t io n  a s s o c ia te d  w ith  th e  m igm atization that has 

a f f e c te d  th e se  ro ck s  (see  p . 285 ) • These m egacrysts  are  often ovoid 

in  shape, and t h e i r  m argins commonly have a m o rtar te x tu re , indicating 

t h a t  th e y  have been s l i g h t l y  augened d u rin g  a post-m igraatization 

ep isode  of d e fo rm atio n . F u r th e r  ev idence of deform ation  is  provided
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by th e  p la g io c la s e s  and th e  m icas which a re  f r e q u e n t ly  k in k e d , and by 

many of th e  q u a r tz  g r a in s  w hich e ^ d iib it  u n d u lo se  e x t in c t io n .

The g a rn e ts  v a ry  in  s iz e  a c c o rd in g  to  t h e i r  en v iro n m en t. In  

th e  q u a r tz o - f e ld s p a th ic  bands where th e r e  i s  v e ry  l i t t l e  b i o t i t e  

th e re  a re  sm all g a r n e t s ,  w hereas l a r g e r  g a rn e ts  have grown in  th e  

b i o t i t e - r i c h  b an d s . The g a r n e ts  a re  c o lo u r le s s  and a re  a l l o t r i o b l a s t i c  

to  h y p id io b la s t i c ,  w ith  numerous in c lu s io n s  o f b i o t i t e s  and rounded 

q u a rtz  g r a in s .  They a re  u s u a l ly  d i r e c t l y  a s s o c ia te d  w ith  b i o t i t e ,  

and in  m ost c a s e s  th e y  a re  overgrow ing th e  b i o t i t e  l a t h s ,  from  which 

they  can some tûm es be seen  t o  be fo rm in g .

A lthough  th e  g a rn e ts  a r e  f a i r l y  f r e s h - lo o k in g ,  th e y  a re  som etim es 

s l ig h t ly  c ra c k e d . Sm all b i o t i t e  f la k e s  o c c a s io n a l ly  o ccu r a lo n g  th e se  

c ra ck s , and a re  p ro b ab ly  fo rm ing  a t  th e  expense o f th e  g a rn e t .  

O c c a s io n a lly , g a rn e ts  a re  s l i g h t l y  augened , in d ic a t in g  t h a t  a t  l e a s t  

some o f th e  g a rn e ts  p r e - d a te  an ep iso d e  o f  d e fo rm a tio n . In  one case  

th e re  ap p ea rs  to  have been  r o t a t i o n  o f th e  g a r n e t ,  s in c e  an in c lu d e d  

b io t i t e  l a t h  i s  su b p e rp e n d ic u la r  to  th e  s c h i s t o s i t y  o u ts id e  th e  g a rn e ts  

(P la te  1 1 ) .

In  th e  s e m i - p e l i t i c  h o r iz o n s  o f th e  psam m ites and s e m i- p e l i te s  

group, b i o t i t e  i s  more abundan t th a n  in  th e  psam m ites. I t  form s b road  

zones to g e th e r  w ith  g a r n e t ,  k y a n i te ,  s i l l i m a n i t e ,  and r u t i l e .  Between 

the zones a re  q u a r t  z o - f  e ld s p a th ic  bands in  w hich th e  p la g io c la s e  i s  o f 

o lig o c la se  co m p o sitio n .. A ccesso ry  m in e ra ls  in c lu d e  o re  and z irc o n .

P o tash  f e ld s p a r  commonly form s m eg ac ry sts  w hich a re  porphyr o b la s ts  

formed d u rin g  th e  m ig m a tiz a tio n . These p o rp h y ro b la s ts  sometimes c o n ta in
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rounded in c lu s io n s  o f b i o t i t e  and q u a r tz .  Many o f  th e  p o ta sh  f e ld s p a r /  

p o tash  f e ld s p a r  g r a in  b o u n d a r ie s  a re  h ig h ly  s u tu re d ,  and t h i s  to g e th e r  

w ith  th e  w id esp read  o cc u rre n c e  o f m yrm ekite a t  p la g io c la s e /p o ta s h  f e ld s 

par g ra in  b o u n d a r ie s  ap p ea rs  to  be a l a t e r  m etam orphic e f f e c t .

The b i o t i t e  i s  a l t e r i n g  to  c o lo u r le s s  k y a n i te ,  which overgrow s th e  

b i o t i t e  and c o n ta in s  g h o s t i n c l u s io n s o f  i t .  B i o t i t e  a l s o  n u c le a te s  

sm all s i l l i m a n i t e  p rism s and n e e d le s  w hich o f te n  grow a lo n g  th e  c leav ag e  

of th e  b i o t i t e .  R u t i l e  i s  commonly a s s o c ia te d  w ith  th e  b i o t i t e - k y a n i t e -  

s i l l im a n i t e  a g g re g a te s ,  and i s  p resum ably  a  r e s u l t  o f  th e  breakdown of 

b i o t i t e .

In  th e  m ost in te n s e ly  m igm atized  p a r t s ,  s i l l i m a n i t e  a l s o  som etim es 

occurs a s  f in e  f i b r o l i t i c  n e e d le s  a lo n g  f e ld s p a r  b o u n d a r ie s . They 

e x is t  p a r t i c u l a r l y  a t  p o ta sh  f e ld s p a r /p o ta s h  f e ld s p a r  b o u n d a r ie s , 

but a ls o  o c c a s io n a l ly  a t  p la g io c la s e /p la g io c la s e  c o n ta c ts  and a t  p o ta sh  

f e ld s p a r /p la g io c la s e  c o n ta c t s .  I n  th e  l a t t e r  c a se  th e y  axe  u s u a l ly  

involved w ith  m yrm ekite. G e n e ra lly  th e  y  form  ra n d o m ly -o r ie n ta te d  

or fa n -1  ilce a g g re g a te s  ( P la te  1 2 ) ,  a lth o u g h  som etim es th e r e  i s  a 

tendency f o r  them to  grow s u b p e rp e n d ic u la r  t o  th e  f e ld s p a r  b o u n d a rie s  

(see p.288 f o r  f u r t h e r  d i s c u s s io n ) .

The g a rn e ts  a r e  c lo s e ly  a s s o c ia te d  w ith  th e  b i o t i t e - k y a n i t e -  

s i l l im a n i te  a g g re g a te s ,  and o v e r p r in t  th e  s c h i s t o s i t y  ( P la te  13)*

They a re  a l l o t r i o b l a s t i c  t o  h y p id io b la s t i c  and c o n ta in  in c lu s io n s  o f 

qu artz , b i o t i t e ,  k y a n i te ,  and r u t i l e .  In  p la c e s  th e y  can  be seen  to  

form ing a t  th e  expense o f  b i o t i t e  and k y a n i te ,  in d ic a t in g  th a t  

some of th e  g a r n e ts  fo rm a tio n  p o s t- d a te d  th e  grow th o f k y a n i te .  Many
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of th e  g a rn e ts  a re  s l i g h t l y  c ra c k e d , and th e r e  a re  in d ic a t io n s  of 

in s ip ie n t  a l t e r a t i o n  to  seco n d a ry  b i o t i t e ,  e s p e c i a l l y  a lo n g  th e  c ra c k s .

Basic S h ee ts

The b a s ic  s h e e ts  w hich have been  em placed in to  th e  psam m ites and 

s e m i-p e l i te s  a re  now e s s e n t i a l l y  a m p h ib o li te s .

The e a r ly ,  p re -F ^  s h e e ts  c o n s is t  p r i n c i p a l l y  o f h o rn b len d e  which 

has a  p r e f e r r e d  o r i e n t a t i o n  g iv in g  th e  ro c k  a c ru d e  s c h i s t o s i t y .

This h o rn b le n d e  h as  th e  fo llo w in g  p le o c h ro ic  scheme : -  

X p a le  g reen

Y y e llo w is h -g re e n  

Z y e l lo w is h -g re e n

W ithin th e  am phibole m asses th e r e  a re  r e l i c s  o f a  c lin o p y ro x e n e  from  

which th e  h o rn b len d e  h as  form ed. Some o f th e  h o rn b le n d e , and some o f 

the  rem ain in g  pyroxene a r e  a l t e r i n g  t o  b i o t i t e .  The co m p o sitio n  o f 

the p la g io c la s e  i s  a t  th e  a n d e s in e - la b r a d o r i t e  b o rd e r .

The l a t e r ,  p o s t-F q  s h e e ts  a re  a l s o  m ain ly  composed o f ho rn b len d e  

which has a lm o s t co m p le te ly  r e p la c e d  th e  o r ig i n a l  c lin o p y ro x e n e .

The p leo ch ro ism  f o r  t h i s  h o rn b le n d e  i s  

X v e ry  p a le  g re en

Y p a le  g reen

Z p a le  y e l lo w is h -g re e n  

There a re  a  few  g ree n  s e rp e n t in e  pseudomorphs a f t e r  o l iv in e .  I t  i s  

n o ticeab le  t h a t  th e  p la g io c la s e ,  which h a s  a  co m p o sitio n  o f f a i r l y  

basic l a b r a d o r i t e ,  te n d s  t o  be o r ie n ta te d  w ith  tw in  p la n e s  s u b p a r a l le l
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to  th e  c ru d e  s c h i s t o s i t y  o f th e  rock# The (010) f a c e s  do n o t form 

p e r f e c t ly  t o  g iv e  th e  f e ld s p a r s  a  p la ty  h a b i t ,  b u t i t  i s  p o s s ib le  th a t  

p o te n t ia l  (010) f a c e s ,  p a r a l l e l  t o  th e  tw in n in g , have p ro v id e d  a 

s t r u c tu r a l  c o n t r o l  d u r in g  grow th , c a u s in g  th e  p r e f e r r e d  o r ie n ta t io n #

Gummingt o n i t e - s c h i s t  s

The p redom inan t m in e ra l in  th e s e  s c h i s t s  i s  th e  c o lo u r le s s  am phibole 

curam ingtonite, which o c c a s io n a l ly  a t t a i n s  e u h e d ra l sh ap es . Some bands 

are  composed e n t i r e l y  o f  cum m ingtonite in  which th e  c r y s t a l s  a re  

in terg row n  in  a m a tted  fo rm , w ith  p r e f e r r e d  o r i e n ta t i o n s .  The m in e ra l 

i s  b i a x i a l  p o s i t i v e ,  and b a s a l  s e c t io n s  a re  h ex ag o n al and n o t rhom bic, 

d is t in g u is h in g  i t  from  th e  r a t h e r  s im i la r  c a l c - s i l i c a t e  m in e ra l t r e m o l i t e .

In  o th e r  b an d s , cum m ingtonite p re d o m in a te s , b u t th e r e  i s  a l s o  

q u a rtz  and in te rg ro w n  b i o t i t e  l a t h s  w hich a re  e lo n g a te d  p a r a l l e l  to  

the  cum m ingtonite c r y s t a l s .

The s c h i s t o s i t y ,  w hich i s  d e l in e a te d  by th e  b i o t i t e s  and cuimning- 

t o n i t e s ,  shows s l i g h t  f o ld in g .  The f o ld s  a re  g e n t le  u n d u la t in g  b u ck le s  

which a re  im p e r s is te n t  when t r a c e d  b o th  a lo n g  th e  s c h i s t o s i t y  and 

along th e  a x ia l  p la n e s  o f  th e  b u c k le s .

G arnet-m ica- s c h i s t  s

The s c h i s t o s i t y ,  w hich i s  som etim es seen  to  be b u c k le s , i s  

d e lin e a te d  by th e  m ic a s , which in c lu d e  b o th  b i o t i t e  and m u sco v ite .

The p r in c ip a l  f e l s i c  m in e ra l i s  q u a r tz ,  and t h i s  form s a  m ossaic  o f ^

i r r e g u la r  in t e r lo c k in g  g r a in s .  There i s  a  ten d en cy  f o r  th e  q u a r tz
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grains to  be s l i g h t l y  e lo n g a te  in  a d i r e c t io n  p a r a l l e l  t o  th e  s c h i s t o s i t y .  

There i s  a l s o  a l i t t l e  f e ld s p a r  w hich i s  o f o l ig o c la s e  co m p o sitio n .

P o ik i l o b l a s t i c  g a rn e ts  o v e r p r in t  th e  s c h i s t o s i t y  and th e y  en c lo se  

grains o f q u a r tz  and b i o t i t e .  These g a r n e t s ,  which a re  a l l o t r i o b l a s t i c ,  

are not a l t e r in g  to  any seco n d ary  p ro d u c ts .

In  th e  l e s s  fe rro ra a g n e s ia n  bands k y a n i te  d e v e lo p s , o f te n  fo rm ing  

fa ir ly  la rg e  c r y s t a l s  and showing s tro n g  c le av ag e  and (OOl) p a r t in g .  They 

are f re q u e n tly  p o i k i l o b l a s t i c  and c o n ta in  in c lu s io n s  o f m u sco v ite  and 

b io t i te .  A p a t i te  i s  a common a c c e s so ry  m in e ra l i n  th e s e  bands and i s  

often en c lo sed  w ith in  m u sco v ite .

K y a n ite -g a rn e t-m ic a -sc h is ts

An s c h i s t o s i t y  i s  form ed by s t r i n g s  o f m icas w hich have a 

preferred o r i e n ta t i o n  p a r a l l e l  to  th e  s c h i s t o s i t y .  K y an ite  c r y s t a l s  a re  

commonly a s s o c ia te d  w ith  th e  m icas . The rem ain in g  f e l s i c  m in e ra ls ,  which 

consist p r in c ip a l ly  o f q u a r tz  to g e th e r  w ith  some p o ta sh  f e ld s p a r  and 

o ligoclase, form  an  in e q u ig ra n u le r  m osaic in  w hich g ra in -b o u n d a r ie s  a re  

usually irre g u la r* . Some o f th e  q u a r tz  g r a in s  a re  e lo n g a te d  p a r a l l e l  to  

ihe s c h is to s i ty ,  and much o f th e  q u a r tz  e x h ib i t s  u n d u lo se  e x t in c t io n  

showing i t  to  have undergone s t r a i n .  F u r th e r  ev id en ce  o f  d e fo rm a tio n  i s  

given by th e  s l i g h t  b u c k lin g  o f th e  s c h i s t o s i t y ,  and th e  o c c a s io n a l

o-ugening of k y a n i te s  o r a g g re g a te s  o f k y a n i te s .

Kyanite o v e r p r in ts  th e  b i o t i t e ,  w hich , in  t u r n ,  i s  r e p la c in g  some 

of the m uscov ite , p a r t i c u l a r l y  a lo n g  c le a v a g e s .  I t  i s  a l l o t r i o b l a s t i c  

b y p id io b la s tic ,  and c le a v a g e  i s  on ly  sp a sm o d ic a lly  d ev e lo p ed , b u t
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when p re s e n t  i t  i s  o f te n  v e ry  m arked, to g e th e r  w ith  a  s tro n g  (001) 

p a r tin g . F re q u e n tly  th e  Icyan ite  i s  p o i k i l  o b l a s t i c ,  c o n ta in in g  in c lu s io n s  

of q u a r tz , b i o t i t e ,  and sp h en o id  r u t i l e .  In  p la c e s  k y a n ite  a p p ea rs  to  

be form ing a t  th e  expense o f b i o t i t e .  S t r in g s  o f sm a ll s i l l i m a n i t e  

prisms a re  a l s o  grow ing from  b i o t i t e  and many d ev e lo p  i d i o b l a s t i c  fo rm s. 

These p rism s , to g e th e r  w ith  d i f f u s e  r e l i c t  b i o t i t e  l a t h s ,  form  ag g re 

gates e lo n g a te d  p a r a l l e l  t o  th e  s c h i s t o s i t y .

Both k y a n ite  and s i l l i m a n i t e  a re  a l t e r i n g  to  l a t e  m u sc o v ite , w hich 

often  grows a c ro s s  th e  s c h i s t o s i t y  ( P la te  1 4 ) . The m u sco v ite  form s 

p o ik il  o b la s t i c  l a t h s  w hich o f te n  c o n ta in  in c lu s io n s  o f  k y a n i te ,  and 

s i l l im a n i te  as  w e ll  a s  o c c a s io n a l q u a r tz  b le b s  ( P la te  1 5 ) . T h is  a l t e r 

a tio n  seems to  ta k e  p la c e  more commonly in  th e  ne ighbourhood  o f p o ta sh  

fe ld sp a r . P resum ably  th e  f e ld s p a r  c o n t r ib u te d  p o ta ss iu m  to  th e  r e a c t io n  

which must have ta k e n  p la c e  d u r in g  a  l a t e r  lo w e r-g ra d e  metamorphism 

p o s t-d a tin g  th e  d e fo rm a tio n , a s  th e  m u sco v ite s  have c l e a r l y  form ed 

under s t a t i c  c o n d i t io n s ,  and a re  undeform ed.

The g a rn e ts  o v e r p r in t  th e  b i o t i t e s  and e a r ly  m u sco v ite s  which 

d e lin ea te  th e  s c h i s t o s i t y  ( P la te  l 6 ) .  C r y s ta l s  a re  rounded  and 

sometimes c o n ta in  in c lu s io n s  o f q u a r tz ,  b i o t i t e ,  and spheno id  r u t i l e .  

O ccasionally  g a rn e t  i s  overgrow ing  s i l l i m a n i t e  and k y a n i te  ( P la te  1 7 ).

The o c c a s io n a l  c a l c - s i l i c a t e  bands and le n s e s  t h a t  occur in  th e  

k y a n ite -g a rn e t-m ic a -s c h is t  c o n s i s t  a lm o st e n t i r e l y  o f  p a le  g reen  tre m o lite -  

act i n d i t e .  T h is  form s a  mat o f  i n t e r  grown a l l o t r i o b l a s t i c  p o ik i l  o b la s t i c  

c ry s ta ls  w hich a re  f u l l  o f  in c lu s io n s  o f q u a r tz ,  sp hene , and d i f f u s e  

b io t i te .  In  many exam ples th e  b i o t i t e  in c lu s io n s  have a  r e a c t io n  h a lo
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around t h e i r  m arg ins s u g g e s tin g  t h a t  th e y  a re  a l t e r i n g  to  th e  t r e m o l i t e -

a c t i n e l i t e .

C a lc - s i l i c a t e - s c h i s t s  w ith  M e ta lim esto n es

I t  i s  i n  th e  c a l c - s i l i c a t e - s c h i s t s  n e a r  to  th e  c o n ta c t  w ith  th e  

igneous complex t h a t  h o r n f e l s ic  t e x tu r e s  have been  p re s e rv e d . These 

provide ev id en ce  t h a t  th e  c o u n try  ro c k s  have been  th e rm a lly  m etam orphosed 

by the  o u te r  member o f th e  ig n eo u s com plex, i . e .  th e  H u s f jo rd  m etagabbro .

Near th e  c o n ta c t  th e  c a l c - s i l i c a t e s  have developed  a  g r a n o b la s t ic  

h o rn fe ls ic  t e x tu r e  i n  w hich sm all g ra n u la r  d io p s id e  c r y s t a l s  and q u a r tz  

grains a re  som etim es accom panied by sm all s c a p o l i t e  c r y s t a l s .  At th e  

co n tac t, a g g re g a te s  o f b u f f - c o lo u re d  g a r n e ts  d e v e lo p , and th e s e  a re  

intergrow n w ith  an e q u ig ra n u la r  m osaic o f s c a p o l i t e  and g ree n  d io p s id e .

In  many c a s e s ,  th e  g r a n u la r  h o r n f e l s i c  t e x tu r e  shown by th e s e  ro ck s  

has been o v e rp r in te d  by a  r e g io n a l  m etam orphic t e x tu r e  and m in e ra lo g y , 

so th a t  th e  ev id en ce  f o r  h o r n f e ls in g  h as  been  p re s e rv e d  a s  r e l i c s .

P ale  g reen  t r e m o l i t e - a c t i n o l i t e  commonly overgrow s th e  h o r n f e ls ic  

te x tu re . These am phibo les a re  u s u a l ly  p o i k i l o b l a s t i c  and c o n ta in  rounded 

granular in c lu s io n s  o f d io p s id e  a s  r e l i c s  from  th e  h o r n f e ls  t e x tu r e .  

Sometimes p a le  p h lo g o p i t ic  b i o t i t e  l a t h s  a re  a l s o  e n c lo se d  w ith in  a c t i -  

n o li te ,  and to g e th e r  w ith  th e  d io p s id e  ap p ear to  be a l t e r i n g  to  th e  

amphibole. O c c a s io n a lly  sm a ll sphenes a re  in c lu d e d  w i th in  a c t i n o l i t e .

in  one q u a r t  z o - f  e ld s p a th ic  band c o n ta in in g  p a tc h e s  o f p a le  g reen  

c a lc - s i l i c a te  m in e ra ls  a lo n g  one edge, v e ry  l a r g e  g ree n  a c t  in o l  i t e  s 

(develop. These a re  p o i k i l o b l a s t i c ,  w ith  in c lu s io n s  o f rounded  d io p s id e .
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q u artz , and f e ld s p a r  in h e r i t e d  from  th e  h o r n f e l s ic  t e x t u r e .  The tre m o lite -  

a c t in o l i t e  c r y s t a l s  o f te n  te n d  t o  have a p r e f e r r e d  o r i e n ta t i o n ,  and in  

some rocks b i o t i t e  l a t h s  have begun to  o r ie n ta te  th e m se lv e s  in to  a crude 

s c h is to s i ty .  A lso  in  one l e s s  c a l c i c  band , new b i o t i t e  i s  fo rm ing  from  

hornblende and some g ra in s  have become e lo n g a te d  p a r a l l e l  t o  t h i s  

s c h is to s i ty .  In  some bands sm all p o ik  i l  o b la s t  ic  c l i n o z o i s i t e s  have 

developed.

The g a rn e ts  w hich have grown in  th e  c a l c - s i l i c a t e - s c h i s t s  a t  th e  

con tact w ith  th e  ig n eo u s com plex have been  s l i g h t l y  a l t e r e d ,  and c ra c k s  

and c a v i t i e s  have been  f i l l e d  w ith  c a l c i t e .

The lim e s to n e s  in  t h i s  group c o n s is t  p r in c ip a l l y  o f an  in e q u ig ra -

nular m osaic o f c a l c i t e  c r y s t a l s  w ith  s t r a i g h t  m a rg in s . S c a t te r e d  betw een 

the c a l c i t e  c r y s t a l s  a re  sm a ll rounded  d io p s id e s .

Quart z o - f e l d s o a t h i c - o h v l l i t i c - s c h i s t s

Q uartz and o l ig o c la s e  a re  th e  p redom inan t m in e ra ls  in  th e s e  ro c k s ,  

and to g e th e r  w ith  a  l i t t l e  p o ta s h - f e ld s p a r  form  an in e q u ig ra n u la r  m osaic

with v ery  i r r e g u l a r  b o u n d a r ie s . Q u artz  g e n e r a l ly  e x h ib i t s  undu lose

e x tin c tio n , and th e  f e ld s p a r  i s  s l i g h t l y  s e r i c i t i z e d .

Micas a re  more ab undan t in  th e  p h y l l i t i c  s c h i s t s  th a n  in  t h e  more

massive q u a r tz o - f e ld s p a th ic  b an d s , and in c lu d e  b o th  b i o t i t e  and m u sco v ite . 

The l a t t e r  i s  o f te n  p o i k i l  o b la s t  i c ,  c o n ta in in g  in c lu s io n s  o f q u a r tz  and 

of b io t i t e .

G arnets a re  n o t common, and a re  sm all and a l l o t r i o b l a s t i c , u s u a l ly  

heing rounded. They overgrow  b i o t i t e  and ap p ea r  to  be a lm o st u n a l te r e d .
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although in  some g a rn e ts  th e r e  i s  a  b i r e - f r i n g e n t  m ic a - l ik e  m in e ra l 

growing a lo n g  c ra c k s .

P eg m a tite s  which occur in  th e s e  ro c k s  c o n s i s t  o f q u a r tz  and p o o r ly -  

twinned so d ic  p la g io c la s e  w hich i s  a n t i p e r t h i t i c , c o n ta in in g  e x s o lu t io n  

patches of m ic ro c l in e .  A p a t c h - a n t i p e r t h i t e  i s  form ed w ith  v e ry  

i r r e g u la r ,  ra n d o m ly -o r ie n ta te d  m ic ro c lin e  p a tc h e s  o f many d i f f e r e n t  

s izes en c lo se d  in  p la g io c la s e .  The f e ld s p a r s  a re  s l i g h t l y  s e r i c i t i z e d ,  

an a l t e r a t i o n  w hich a f f e c t s  b o th  th e  p o ta s h - f e ld s p a r  and th e  p la g io c la s e ,
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THE IGNEOUS GOPIPLEX
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THE IGNEOUS COMPLEX

FIELD RELATIONSHIPS

I n t r o d u c t i o n
',1

The H u s f jo rd  ig neous com plex co m p rises  m ajo r p lu to n ic  i n t r u s i o n s ,  

p r in c ip a lly  gab b ro s and d i o r i t e s ,  and a number o f m inor i n t r u s i o n s ,  

includ ing  b a s ic  dykes and p e r t h o s i t e  s h e e ts ,  w hich have been  em placed 

at d i f f e r e n t  s ta g e s  in  th e  developm ent o f th e  C a led o n ian  orogeny in  t h i s  

region. The e a r l i e s t  i n t r u s i o n  o f th e  com plex i s  th e  H u s fjo rd  m etaga- 

bbro, and t h i s  was n o t em placed u n t i l  th e  end o f th e  e a r l i e s t  phase  o f 

deform ation F^. The i n t r u s io n  o f t h i s  gabbro  was fo llo w e d  by th e  peak 

of the  r e g io n a l  m etam orphic e v e n t ,  which in  t h i s  a r e a  re a ch ed  th e  alm an^ 

dine am p h ib o lite  g rade .. A f te r  t h i s  came th e  second  m ajor phase o f 

deform ation F2 w hich was fo llo w e d  by th e  em placem ent o f a  s u i t e  o f 

d io r i te s ,  a lth o u g h  some o f th e  d i o r i t e s  were contem poraneous w ith  F2 

movements. The m ajor i n t r u s io n  o f  t h i s  s u i t e  was a f in e - g r a in e d  body, 

the H avnefjo rd  d i o r i t e ,  w hich was b o th  p re ce d ed  and succeeded  by sm a lle r  

d io rite  b o d ie s ,  some o f w hich were c o a r s e -g ra in e d .  D uring t h i s  p e r io d  

a fte r  th e  second d e fo rm a tio n  p h a se , th e  V atna gabbro  and i t s  a s s o c ia te d  

minor in t r u s io n s  were em placed . The f i n a l  s ta g e s  in  th e  h i s to r y  o f th e  

area a re  c h a r a c te r iz e d  by m etam orphic and s t r u c t u r a l  e v e n ts  which p o s t

date a l l  th e  ig n eo u s a c t i v i t y .  Thus i t  can  be seen  t h a t  th e  emplacement 

of the e n t i r e  p lu to n ic  com plex o cc u rre d  w ith in  th e  p e r io d  d u rin g  which 

the orogeny to o k  p la c e .
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THE MAJOR INTRUSIONS

HUSFJORD METAGABBRQ

G en era l

The H u s f jo rd  m etagabbro  was th e  f i r s t  member o f th e  p lu to n ic  

igneous com plex t o  be em placed , and was in tru d e d  in to  th e  m etased im en ts  

as a su b co n co rd an t s h e e t .

I t  i s  a  v e ry  r e s i s t a n t  ro c k  and form s th e  h ig h  m oun ta in s around 

H usfjo rd , These m oun ta in s a re  s te e p  s id e d  and a re  surm ounted by d a rk , 

steep, rugged  c l i f f s  and p in n a c le s  o f p ro m in e n tly - j  o in te d  m etagabbro .

I t s  o u tc ro p  ru n s  from  Ramnes in  th e  so u th -w e s t t o  G je l t in g  in  th e  

n o rth -e a s t and h a s  an a r c u a te  fo rm . T h is  shape o f th e  o u tc ro p  i s  due 

to the l a r g e - s c a l e  open f o ld s  o f l a t e  ^2 ^.ge ( s e e  p . ^9 ) ,  The 

maxinum w id th  o f  th e  o u tc ro p  i s  ab o u t 6 km ., b u t much o f th e  c e n t r a l  

zone i s  now o ccu p ied  by l a t e r  ro c k s  w hich have been  in tru d e d  in to  th e  

metagabbro. I t s  n o r th -w e s te rn  c o n ta c t  i s  an i n t r u s i v e  c o n ta c t  a g a in s t  

the m etased im ents o f th e  c o u n try  ro c k s ,  b u t th e  o r ig i n a l  c o n ta c t  a g a in s t  

country ro c k s  t o  th e  s o u th - e a s t  i s  nowhere t o  be seen  now. The on ly  

metagabbro c o n ta c ts  o bserved  in  th e  s o u th - e a s t  a re  th o se  a g a in s t  younger 

in tru sive  ro c k s  a t  V atna; e lse w h e re  th e  ro c k s  o c c u rr in g  t o  th e  so u th 

east of th e  gabbro  have been  e ro d ed  by th e  s e a .

The gabbro  i s  a  m elagabbro  w hich h a s  undergone m in e ra lo g ic a l  and 

tex tu ra l a l t e r a t i o n s  d u r in g  su b seq u en t m etam orphism . I t  i s  f a i r l y  

uniform in  co m p o sitio n  and m in e ra lo g y  th ro u g h o u t, and does n o t c o n ta in  

^  leucogabbro ic  o r a n o r th o s i t i c  f a c i e s ,  w hich a re  p r e s e n t  in  th e
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B r e i v i k b o t n  g a b b r o  t o  t h e  n o r t h - w e s t  (S tum pfl a n d  S t u r t ,  1 9 6 5 ).

The gabbro  c o n s i s t s  e s s e n t i a l l y  o f c l in o p y ro x e n e , p la g io c la s e ,  and 

iron  o re , a lth o u g h  h y p e rs th e ne o c c a s io n a l ly  a p p e a rs  in  some f a c i e s .

The pyroxenes show p ro g re s s iv e  a l t e r a t i o n  to  g reen  h o rn b len d e  d u rin g  

reg io n a l m etam orphism , and th e r e  i s  a  r e l i c t  su l> -o p h itic  t e x tu r e  form ed 

by am phibo lized  pyroxene and r e c r y s t a l l i z e d  p la g io c la s e .

The g r a in - s i z e  o f th e  gabbro  i s  s l i g h t l y  v a r i a b l e .  T y p ic a lly  i t  

is  f in e  to  m edium -grained  w ith  av e rag e  g r a in - s i z e  in  th e  o rd e r  o f 1 -2  

mm., b u t o c c a s io n a l ly  i t  becomes more c o a r s e - g r a in e d ,  and c r y s t a l s  can  

be seen c l e a r l y  w ith  th e  naked ey e . The seco n d ary  am phibo les appear 

black or d ark  g re e n , and p la g io c la s e  h a s  o f te n  w ea th e red  to  a y e llo w ish  

colour. T h is  c o a rse n in g  o f th e  g r a in - s i z e  i s  n o t a  m etam orphic e f f e c t ,  

but a p rim ary  f e a tu r e  o f th e  gabbro ; in  t h i n - s e c t i o n  th e  o r ig in a l  

pyroxenes a re  seen  t o  be l a r g e r  th a n  in  th e  f in e r - g r a in e d  p a r t s .  The 

development o f th e  s l i g h t l y  c o a r s e r - g r a in e d  gabbro  i s  s p o ra d ic ,  and 

the a re a s  and p a tc h e s  in  w hich i t  o ccu rs  a re  i r r e g u l a r  and do n o t form 

any kind o f l a y e r in g .  I t  i s  p o s s ib le  t h a t  th e s e  a r e a s  r e p r e s e n t  *pods* 

in the c o o lin g  magma, in  w hich th e r e  was a  s l i g h t  c o n c e n tr a t io n  of 

v o la ti le s  e n a b lin g  l a r g e r  c r y s t a l s  t o  grow.

There a re  a l s o  a re a s  in  which th e  gabbro  i s  f in e r - g r a in e d  th a n  

nsual, and in  w hich th e  c r y s t a l s  r a r e l y  ex ceed  ab o u t 1 mm. in  s iz e ,  

in these  f in e r - g r a in e d  a r e a s  th e  gabbro som etim es h as a  v e ry  f a i n t  and 

poorly-formed f o l i a t i o n  w hich  i s  o r ie n ta te d  p a r a l l e l  t o  th e  m arg in  o f 

the gabbro body, a lth o u g h  t h i s  f o l i a t e d  f in e r - g r a in e d  f a c i e s  does n o t 

occur in  th e  c o n ta c t  zone. The m ain o u tc ro p  o f  t h i s  f a c i e s  i s  in  th e
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c e n tra l p a r t  o f th e  body, t o  th e  so u th  o f th e  l a t e r  H av n a fjo rd  d i o r i t e ,  

in a zone abondan t in  narrow  c o a r s e -g ra in e d  d i o r i t e  bands w hich have 

been in tru d e d  in to  th e  g ab b ro . The f o l i a t i o n ,  which i s  due to  sub

p a r a l le l  o r i e n ta t i o n  o f p rim ary  m in e ra ls ,  may be a  f lu x io n  s t r u c t u r e ,  

or may p o s s ib ly  in d ic a te  t h a t  th e  gabbro  was in tru d e d  synchronous w ith  

some s l i g h t  t e c to n ic  movement, p resum ably  a s s o c ia te d  w ith  I f  th e

l a t t e r  i s  th e  c a s e ,  in  w hich th e  m in e ra ls  o r ie n ta te d  th e m se lv e s  in  th e  

most s ta b le  p o s i t io n  w i th in  th e  s t r e s s - f i e l d ,  th e n  i t  i s  c l e a r  t h a t  th e  

s tren g th  o f th e  d e fo rm a tio n  was n o t g r e a t ,  f o r  i t  d id  n o t cau se  sh e a rin g  

of the  gabbro  a t  t h i s  t im e . The o n ly  s h e a r in g  t h a t  th e  gabbro  has 

suffered  i s  o f F2 ag e . The F^ movements w ere e v id e n t ly  on th e  wane, 

and had a lm o st c e a se d  b e fo re  th e  i n t r u s i o n  o f th e  g ab b ro . I t  i s  obvious 

that t h i s  zone o f f in e r - g r a in e d ,  s l i g h t l y  f o l i a t e d  gabbro  h as p ro v id ed  

an area  o f s t r u c t u r a l  w eakness in  th e  s h e e t  i n to  w hich th e  l a t e r  narrow  

co arse -g ra in ed  d i o r i t i c  bands have been  r e a d i l y  em placed.

The n o r th -w e s te rn  c o n ta c t  w ith  th e  m e tased im en ts  i s  w e ll-d e v in e d , 

but the  a c tu a l  c o n ta c t  was n o t found  w ith in  a  s in g le  o u tc ro p  because  

of the d i f f e r e n t i a l  w e a th e r in g  o f th e  ro ck  ty p e s .  T here i s  no ev id en ce  

of a p p re c ia b le  c h i l l i n g  o f  th e  gabbro a g a in s t  th e  c o u n try  ro c k s .

As m entioned  (p . 14 ) i n  c o n n e c tio n  w ith  th e  s t r a t ig r a p h y  o f th e  

metasediments, th e  gabbro  c o n ta c t  i s  s l i g h t l y  d is c o rd a n t  w ith  th e  banding 

of the co u n try  ro c k s .  At any p o in t  a lo n g  th e  c o n ta c t  th e  s t r i k e  o f th e  

actual c o n ta c t  i s  t o  th e  e a s t  o f th e  s t r i k e  o f th e  band ing  in  th e  m eta

sediments. S in ce  th e  m etased im en ts  young tow ards th e  s o u th - e a s t ,  th e  

contact o f th e  gabbro  sh e e t p a s s e s  up th ro u g h  th e  s u c c e s s io n  a s  i t  i s
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traced  from  so u th -w e s t t o  n o r th - e a s t .

There i s  ev id en ce  t h a t  th e  gabbro had a th e rm a l e f f e c t  on th e  

neighbouring c o u n try  ro c k s .  A h o r n f e l s ic  t e x tu r e  h as  been  p re se rv e d  

in some o f th e  beds o f th e  c a l c - s i l i c a t e - s c h i s t  g roup , b u t i t  h as  been  

overgrov/n by l a t e r  r e g io n a l  m etam orphic t e x tu r e s  and o n ly  rem ain s  a s  

a r e l i c .  T h is  i s  d is c u s s e d  f u r t h e r  in  th e  s e c t io n  on m etamorphism

(p»280 ) .

For ab o u t A km. from  th e  n o r th e rn  end o f K o b b e rf jo rd , th e  gabbro  

does n o t now make c o n ta c t  w ith  th e  m etased im en ts  b ecau se  a l a t e r  n o r i t e  

sheet, th e  K o b b e rfjo rd  n o r i t e ,  h as  been in tru d e d  a lo n g  th e  c o n ta c t .

In the s o u th - e a s t ,  th e  m etagabbro  makes c o n ta c t  w ith  a  younger g ab b ro , 

the Vatna g ab b ro , and in  t h i s  so u th e rn  p a r t  th e  H u s fjo rd  m etagabbro  

is  of th e  m a ss iv e , n o n - f o l ia te d  f a c i e s .  The V atna gabbro  does n o t 

cause a marked th e rm a l a u re o le  t o  be d ev e lo p ed  in  th e  H u sfjo rd  m eta

gabbro. J u s t  t o  th e  n o r th  o f  th e  V atna g ab b ro , n e a r  S l a t t e n ,  th r e e  

gabbro s h e e ts  a p p a re n t ly  o f s im i la r  age t o  th e  V atna gabbro have been  

emplaced i n t o  th e  H u s f jo rd  m etagabbro . A lso  i n  t h i s  s o u th - e a s te rn  

area, a few p o r p h y r i t i c  dykes have been in tru d e d  in to  th e  H u sfjo rd  

metagabbro, and th e s e  w i l l  be c o n s id e re d  in  th e  s e c t io n  on th e  m inor 

in tru s io n s  (p . 132).

U l t r a b a s ic  L a v e rs

The gabbro  s h e e t does n o t  show any marked, r e g u la r  b and ing ; i t  h as  

neither a  s m a l l - s c a le  rhy thm ic  la y e r in g  n o r a  l a r g e - s c a l e  c r y p t ic  l a y e r in g .  

The only k in d  o f l a y e r in g  t h a t  i s  p r e s e n t  i s  t h a t  form ed by o c c a s io n a l
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lenses and t h i n  bands of t r o c t o l i t e .  These a re  d i s t i n c t i v e  in  th e  

f ie ld ,  a s  w ea th e red  s u r f a c e s  a r e  d i s t i n c t l y  brown and have a  knobbly  

appearance.

The le n s e s  ra n g e  up to  5-6 m. in  le n g th  and a re  e lo n g a te d  p a r a l l e l  

to  th e  t r e n d  o f th e  gabbro  s h e e t .  U s u a lly  th e y  o ccu r a s  s in g le  i s o l a t e d  

lenses d is p e r s e d  th ro u g h o u t th e  gabbro  body, though  th e r e  i s  one h o r iz o n , 

which o u tc ro p s  on H u s f jo rd n e s s ,  in  w hich th e r e  i s  a  swarm o f c lo s e ly -  

packed t r o c t o l i t e  l e n s e s .  T h is  h o r iz o n  i s  a  zone o f sh e a r in g  in  

which th e  t r o c t o l i t e s  have been  b o u d in éd , so t h a t  b o u d in s  l a t e r a l l y  

ad jacen t may in  f a c t  be p a r t  o f  th e  same u l t r a b a s i c  l a y e r  which h as  

subsequently  been  form ed i n t o  t e c to n ic  l e n s e s .  These w i l l  be d e s c r ib e d  

fu rth e r when th e  s h e a r - b e l t s  a re  c o n s id e re d . The t r o c t o l i t e  le n s e s  

freq u en tly  show a  p la n a r  s t r u c t u r e , a p p a re n t ly  an  i n t e r n a l  l a y e r in g ,  

which i s  o f te n  a c c e n tu a te d  by w ea th e r in g  ( P la te  1 8 ) .  T h is  p lan e  o f 

layering  i s  p a r a l l e l  t o  th e  m arg in s  o f th e  gabbro  s h e e t .

H u sfjo rd n e ss  i s  th e  o n ly  l o c a l i t y  where c o n tin u o u s  t r o c t o l i t e  

bands were fo u n d . These bands a r e  u s u a l ly  o n ly  a  few  c e n tim e tre s  in  

width and m a in ta in  a  c o n s ta n t  th ic k n e s s  f o r  some d is ta n c e  l a t e r a l l y ,  

but sometimes th e y  a re  o n ly  a  few m il l im e tr e s  in  th ic k n e s s .  In  one 

case, a t r o c t o l i t e  band h as  a  s h a rp  boundary a t  one m arg in  w h i l s t  th e  

other m argin i s  d i f f u s e  ( P la te  1 9 ) .  I f  t h i s  i s  a  p rim a ry  la y e r in g  o f 

9- g r a v i ta t io n a l  k in d , th e n  i t  i s  c l e a r  t h a t  th e  gabbro  s h e e t h as  been 

inverted, s in c e  th e  sh a rp  m afic  m arg in  i s  up p erm o st. The la y e r in g  

here dips s te e p ly  to  th e  n o r th ,  w hich means t h a t  th e  to p  o f th e  gabbro 

sheet i s  to w ard s  th e  so u th . T h is  i s  in  agreem ent w ith  th e  d e d u c tio n  made
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P la te  18 . Banding in  t r o c t o l i t e  le n s .  H usfjordness.

P la te  19 . T r o c to lite  band (dark band above hammer 
s h a f t ) .  H usfjordness.
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from th e  s t r u c t u r e s  o f  th e  m etased im en ts  t h a t  th e  ro c k s  in  th e  H u s fjo rd  

area a re  in v e r te d ,  younging to  th e  s o u th - e a s t .  S in ce  th e  in v e r s io n  i s  

due to  th e  F 2 f o ld in g ,  i t  fo llo w s  t h a t  th e  em placem ent o f th e  m etagabbro 

is  p re -F 2 .

There i s  one o u tc ro p , n e a r  GSshopen, o f  a  le n s  o f h o rn b le n d ite  in  

the m etagabbro . T h is  v i r t u a l l y  c o n s i s t s  o f  h o rn b len d e  w hich i s  b la c k  

in hand specim ens. The c r y s t a l s  a re  su b h e d ra l and grow up to  s e v e ra l  

cen tim etre s  in  le n g th .  They a re  random ly o r ie n ta te d  w ith  r e s p e c t  to  

one an o th e r  and a re  in t e r lo c k in g .  The ro ck  h as  become v e ry  f r i a b l e  due 

to w ea th e rin g , and many s u r f a c e s  a re  r u s t y .

In  t h i n  s e c t io n ,  i t  can  be seen  t h a t  th e r e  i s  no r e l i c t  pyroxene 

in th e  ro c k , and t h a t  th e  am phibole a p p e a rs  t o  be o r ig i n a l .  I t  i s  g reen ish - 

brown and h as  numerous o re  la m e lla e  p a r a l l e l  t o  c le av a g e  t r a c e s  in  

lo n g itu d in a l s e c t io n s .  I t  a l s o  h as  f in e  s c h i l l e r  o f  o re  n e e d le s  in  two 

d ire c tio n s  w hich i n t e r s e c t  a t  ab o u t 8 0 ° , th e  a c c u te  a n g le  b e in g  b is e c te d  

by the  la m e l la e .  Amphibole c o n s t i t u t e s  p r a c t i c a l l y  th e  whole ro c k , w ith  

only a l i t t l e  i n t e r s t i t i a l  p la g io c la s e  and some c a l c i t e  in  c a v i t i e s .

J o in t in g

The m etagabbro  i s  c o n s id e ra b ly  j o i n t e d ,  and th e  j o i n t s  f a l l  in to  

two main k in d s ;  an e a r ly  s e t  and a  l a t e  s e t .

The e a r l i e r  s e t  c o n s i s t s  o f f r a c t u r e  p la n e s  a lo n g  w hich th e r e  

appears to  have been  no d isp la c e m e n t. In  t h i s  s e t  th e r e  a re  th r e e  

principal j o i n t - d i r e c t  io n s  w hich a re  m u tu a lly  su b -o r th o g o n a l (F ig .  l l ) , 

and which o f te n  g iv e  th e  ro c k  a  b lo ck y  ap p e a ra n c e . T h is  j o i n t i n g  i s
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a lso  r e s p o n s ib le  f o r  th e  fo rm a tio n  of th e  c ra g s  and p in n a c le s  on soine of 

the m ountain to p s .  The m ost p rom inent j  o i n t - d i r e c t i o n  i s  p a r a l l e l  

to  the  gabbro  m arg in  and to  th e  f o l i a t i o n  where t h i s  i s  d ev e lo p ed .

The rem ain ing  two j  o i n t - d i r e c t i o n s  a re  su b p e rp e n d ic u la r  to  th e  body 

w alls and to  th e  f o l i a t i o n .  Narrow bands o f c o a r s e -g ra in e d  d i o r i t e  

have been em placed a lo n g  many o f th e  j o i n t s  w hich a re  p a r a l l e l  to  th e  

most p rom inent d i r e c t io n .

I t  i s  n o t p o s s ib le  to  be c e r t a i n  a s  to  th e  o r ig in  o f th e s e  j o i n t s .  

They could  be c o o lin g  j o i n t s ,  o r th e y  m ight have b een  form ed d u rin g  

a very l a t e  s ta g e  o f  th e  f o ld in g .  In  e i t h e r  c a se  th e y  were form ed 

prio r to  th e  m ain F2 f o ld in g ,  s in c e  th e  e a r ly  d i o r i t e  bands a re  commonly 

emplaced a lo n g  th e s e  j o i n t s ,  b u t th e  d i o r i t e s  th e m se lv e s  have been  

frac tu red  and sh e a re d  d u rin g  th e  F2 movements.

T he ir m u tu a lly  su b o rth o g o n a l n a tu r e  im p lie s  t h a t  i t  i s  p ro b ab ly  

more l i k e ly  t h a t  th e  j o i n t s  a re  c o o lin g  j o i n t s .  In  t h i s  c a s e ,  th e  

most prom inent s e t  would be lo n g i tu d in a l  j o i n t s ,  th e  o th e r  two d i r e c t io n s  

being d iag o n a l j o i n t s  (B a lk , 1 9 3 7 ).

The l a t e r  s e t  o f  j o i n t s  a p p e a rs  t o  be a s s o c ia te d  w ith  l a t e  movements 

of the ?2 f o ld in g .  They a re  o b liq u e  t o  th e  e a n l i e r  j o i n t s  and t o  th e  

d io rite  bands, b u t t h e i r  developm ent i s  n o t u s u a l ly  r e g u la r  enough to  

give a s t a t i s t i c a l  r e g io n a l  p a t t e r n .  They c o u ld  w e ll  co rre sp o n d  t o  F2 

conjugate j o i n t s  t h a t  o ccu r i n  th e  m etagabbro  a t  S to r e lv  t o  th e  n o r th

(S turt and Ramsay, p e rs o n a l  com m unication ). They a re  c l e a r l y  l a t e r  

than the d i o r i t e  bands f o r  th e y  c u t  a c ro s s  th e  l a t t e r ,  and in  p la c e s  

there is  ev idence t h a t  some movement h as  o c c u rre d  a lo n g  th e s e  j o i n t s ,
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as shown by th e  o f f s e t t i n g  o f some o f th e  e a r ly  d i o r i t e  bands ( P la te  

20).

M etased im en tary  H a fts  and X e n o lith s  

A f a i r l y  common f e a tu r e  o f th e  n o r th e rn  m arg in  o f th e  m etagabbro  

is  the  o ccu rren c e  o f la r g e  r a f t s  and sm all x e n o l i th s  o f m e tased im en ta ry  

m a te r ia l. The l i t h o l o g i e s o f th e  r a f t s ,  w hich a re  o f te n  a s  lo n g  as  a 

few te n s  o f m e tre s , in c lu d e  m e ta lim e s to n e s , m ic a - s c h is t s ,  and psam m ites. 

The x e n o l i th s ,  w hich a re  u s u a l ly  l e s s  th a n  a  m etre  in  l e n g th ,  a re  m ica- 

s c h is ts ,  c a l c - s i l i c a t e - s c h i s t s  and psam m ites.

M etalim estone R a ft§

The l a r g e s t  and m ost abundan t o f th e  r a f t s  a re  th o s e  o f g re y ish  

m etalim estones. These a re  g e n e r a l ly  s e v e ra l  te n s  o f m e tre s  in  le n g th ,  

and o ften  show up w e ll  a s  w h ite  s c a r s  on th e  la n d sc a p e . Sometimes th e y  

occur as i s o l a t e d  b o d ie s ,  b u t more o f te n  th e y  ap p ea r a s  a  group o r t r a i n  

of r a f t s  composed o f p erh ap s  h a l f  a  dozen in d iv id u a l  u n i t s .  In  some 

cases th e  in d iv id u a l  le n s e s  may j o i n  up b e n ea th  th e  s u r f a c e ,  th e  proba

b i l i ty  of t h i s  b e in g  sho\m  by th e  p re se n c e  o f l i g h t  g re e n  g r a s s ,  a 

common fe a tu re  o f c a lc i c  s o i l s ,  grow ing on th e  ground betw een th e  l e n s e s .

The form ta k e n  by th e  r a f t s  seems t o  be ro u g h ly  l e n t i c u l a r ,  th e

longer axes ly in g  w i th in  a  p lan e  p a r a l l e l  t o  th e  gabbro  m arg in s . Gabbro

occurs on a l l  s id e s  o f  th e  m e ta lim e s to n e , in c lu d in g  b e n e a th  i t  (P la te  2 1 ) ,

showing th a t  th e  r a f t s  a re  t r u l y  free-sw im m ing . The r a f t  m arg ins a re

rounded, and th e r e  i s  o f te n  a  l i t t l e  b r e c c ia t io n  in  th e  c o n ta c t  zone.



P la te  20 . Early d io r ite  o f f s e t  by j o in t .  H usfjord.



P late  21 . M etalimestone r a ft  underlain by metagabbro. 
N.E. o f Kobberfjord.

P late  22 . Bedding in  m etalim estone r a ft  
Kobberfj ordbotn•

N. o f
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Sometimes th e  c o n ta c t  zone h as  been  in tru d e d  by p e g m a tite  o r by d i o r i t i c  

sheets  b e lo n g in g  t o  th e  l a t e s t  phase, o f d i o r i t e  in t r u s io n .  Bedding 

in  th e  m e ta lim esto n e  i s  u s u a l ly  d i s c e r n ib le  ( P la te  2 2 ); f r e q u e n t ly  i t  i s  

d is t in g u is h e d  by o c c a s io n a l t h i n  c a l c - s i ] . i c a t e  o r p e l i t i c  b an d s , w hich 

re p re se n t more s i l i c e o u s  o r more a r g i l l a c e o u s  l a y e r s  in  th e  o r ig in a l  

lim esto n e . The g e n e ra l  a t t i t u d e  o f  th e  b edd ing  i s  p a r a l l e l  to  th e  

plane c o n ta in in g  th e  m ajor ax es  o f th e  l e n t i c u l a r  r a f t .

Mic a - s c h is t  R a f ts

R a f ts  o f m ic a - s c h is t  a re  r a r e ,  b u t  th e y  may be up to  a few te n s  

of m etres in  l e n g th .  In  th e  f i e l d  th e y  resem b le  p a tc h e s  o f sh ea red  

metagabbro, b u t i n  t h i n  s e c t io n  th e y  a r e  seen  t o  be q u a r t z - b i o t i t e -  

sc h is t w ith  o c c a s io n a l  g a r n e ts .  These s c h i s t  r a f t s  a r e  e lo n g a te d  

p a ra l le l  to  t h e i r  s c h i s t o s i t y  and to  th e  m arg in  o f th e  gabbro  s h e e t .

In p laces  th e  s c h i s t o s i t y  i s  f o ld e d  ( P la te  2 3 ) . These f o l i a t e d  r a f t s  

have p ro v id ed  weak s p o ts  i n  th e  m etagabbros f o r  th e y  a re  a lm o st 

in v ariab ly  in tru d e d  by l a t e  c o a rse  d i o r i t e  s h e e ts .  I n  a s s o c ia t io n  w ith  

these d i o r i t e s ,  th e r e  h as a l s o  been  a  c e r t a i n  amount o f  f e ld s p a th iz a t io n  

of the s c h i s t ,  and t h i s  i s  f u r t h e r  d is c u s s e d  in  c o n n e c tio n  w ith  th e  l a t e

diorites.

I&amitic R.cif+.p

On th e  Ramnes p e n in s u la ,  th e  m etagabbro  makes c o n ta c t  w ith  th e  

psammites and se m i-p e l i t  e s  group (se e  s t r a t i g r a p h i e  s u c c e s s io n , p . 1 5 ) .  

^ t the so u th ern  end o f Ramnes th e  m etagabbro  c o n ta in s  a  number o f



P la te  23. Folding in  m ica -sch ist r a f t .  
H avnefjord fjeld .
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x e n o lith s  and a few la r g e  e lo n g a te  r a f t s  o f psam m ites and s e m i- p e l i t e s ,  

the l a r g e s t  o f w hich a re  s e v e ra l  te n s  o f  m e tre s  in  le n g th .  The r a f t s  

are f a i r l y  n e a r  to  th e  c o n ta c t  w ith  th e  c o u n try  ro c k s  and have p ro b ab ly  

not moved f a r  i f  a t  a l l  from  t h e i r  o r ig i n a l  p o s i t io n s .

In  some p la c e s  th e r e  i s  s p o ra d ic  s h e a r in g  o f b o th  th e  r a f t  m a te r ia l  

and th e  m etagabbro  a lo n g  th e  r a f t  b o rd e r s ,  p a r t i c u l a r l y  a t  t h e i r  en d s .

The l i th o lo g y  o f th e  r a f t s  i s  p r in c ip a l l y  p sam m itic , and th e y  a re  

c o r re la te d  w ith  th e  psam m ites and s e m i- p e l i t e s  group o f th e  c o u n try  

rocks. Presum ably  t h e i r  s u r v iv a l  as  r a f t s  depended upon t h e i r  f a i r l y  

massive, r e s i s t a n t  c h a r a c te r .  O ccas io n a l t h i n  b a s ic  s h e e ts  occur in  th e  

psammites, and th e s e  have been  more o r l e s s  boudined  and deform ed.

These psam m ites and s e m i- p e l i t e s  have been m igm atized , b u t n o t so 

in ten se ly  a s  th o se  m entioned  in  th e  c o u n try  ro c k s .  I t  i s  c l e a r  t h a t  th e  

m igm atization o c c u rre d  a f t e r  th e  em placem ent o f th e  gabbro  because  th e  

gabbro h ere  h as  a l s o  undergone e x te n s iv e  f e l d s p a t h i z a t i o n  and v e in in g  

by q u a r tz o - f e ld s p a th ic  m a te r ia l .  Sometimes i t  i s  d i f f i c u l t  t o  d i s t i n 

guish th e  m arg in  o f a  r a f t  b ecau se  i t  a p p e a rs  t o  merge in to  f e ld s p a th iz e d  

metagabbro c o n ta in in g  numerous q u a r tz o - f e ld s p a th ic  bands ru n n in g  p a ra 

l l e l  to  th e  b and ing  in  th e  m et a  sed im en ts  o f th e  r a f t  ( P la te  2A) • The 

in troduction  o f  f e l s i c  m a te r ia l  in to  th e  m etagabbro  ap p e a rs  to  be o f 

two kinds; a  m etasom atic  in t r o d u c t io n  o f f e ld s p a th i c  c o n s t i tu e n ts  a s  

shown by th e  p a tc h e s  o f f e ld s p a r  p o rp h y ro b la s ts  w hich have grown in  th e  

solid s ta t e ,  and an i n j e c t i o n  o f  q u a r t  z o - f e ld s p a th ic  l i q u i d  a s  v e in s  and 

streaks. Both ty p e s  can  be seen  i n  P la te  25* T h is  in c re a s e  in  f e l s i c  

components on ly  o ccu rs  t o  any g r e a t  e x te n t  in  th e  neighbourhood o f th e



M

P la te  24 . Raft o f  psammite and se m i-p e lite  in  meta
gabbro. Ramnes.

P late  25* Feldspau: porphyroblasts and quart zo- 
fe ld sp a th ic  v e in s  in  metagabbro.
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r a f t s  and x e n o l i th s ,  and a t  th e  c o n ta c ts  w ith  th e  r a f t s  i t  i s  p a r t i c u 

l a r ly  ab u n d an t. The gabbro  h e re  i s  n o t o f th e  f o l i a t e d  f a c i e s ,  so t h a t  

f e ld s p a th ic  c o n s t i tu e n t s  have n o t been a b le  to  p e n e tr a te  e a s i l y  and 

cause w id esp read  f e ld s p a th i z a t io n  of th e  m etagabbro . F e ld s p a th iz a t io n  

was only  p o s s ib le  where th e r e  w ere s t r u c t u r a l  w eaknesses in  th e  g ab b ro , 

and such w eaknesses occur a t  th e  m arg ins o f  th e  e n c lo se d  m e tased im en ta ry  

r a f t s .  The l a t t e r  a re  th em se lv e s  f o l i a t e d  and th u s  p ro v id e  an easy  

passage f o r  th e  f e ld s p a th ic  c o n s t i t u e n t s .  The so u rce  m a te r ia l  f o r  

the q u a r tz o - f e ld s p a th ic  v e in s  in  th e  m etagabbro  a p p e a rs  to  be th e  

psammites o f th e  r a f t s .  Many o f th e  v e in s  j o i n  up w ith  th e  m igm atized  

m etasedim ents and have c l e a r l y  been  in j e c t e d  in to  th e  m etagabbro  a s  a 

mobile l i q u i d .  T h is  s u g g e s ts  t h a t  p a r t i a l  a n a te x is  o f th e  q u a r tz o -  

fe ld sp a th ic  com ponents o f th e  m etased im en ts  may have o c c u rre d . The 

r a f ts  would have a c te d  a s  t r a p s  f o r  h e a t  and v o l a t i l e s  d u r in g  m igm ati

zation due to  th e  more m assive  n a tu re  o f th e  su rro u n d in g  m etagabbro .

This c o n c e n tra t io n  o f h e a t  and v o l a t i l e s  t ra p p e d  in  th e  r a f t s  m igh t 

have f a c i l i t a t e d  th e  p a r t i a l  m e ltin g  o f th e  f e l s i c  com ponents o f  th e  

m etasedim ents, e n a b lin g  a  m o b ile  l i q u i d  t o  fo rm . E vidence o f p a r t i a l  

anatexis i s  a l s o  p ro v id e d  in  th e  psam m ites and s e m i- p e l i te s  o f th e  

country ro c k s  and t h i s  i s  d is c u s s e d  in  d e t a i l  u n d er m ig m a tiz a tio n  on p . 230 .

Anolithp

In  th e  w e s te rn  p a r t  o f H a v n e f jo rd f je ld  th e  m a rg in a l zone o f th e  

Husfjord m etagabbro i s  v e ry  abundan t - i n  sm a ll m e tase d im en ta ry  x e n o l i th s ,   ̂

sometimes on ly  a  few c e n tim e tre s  in  l e n g th .  These a re  o f  s e v e ra l
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d i f f e r e n t  l i t h o l o g i c a l  ty p e s ,  and in  t h i n  s e c t io n  show ev id en ce  of be ing  

h o rn fe lse d  by th e  gabbro . They in c lu d e  psam m ites, s e m i - p e l i t e s ,  c a lc -  

s i l i c a t e - s c h i s t s ,  and b lo c k s  o f  p e g m a tite . The x e n o l i th s  have v a r io u s  

forms and a re  u s u a l ly  somewhat a n g u la r  and sh arp -m arg in ed  ( P la te  26 ) .  

They a re  random ly o r ie n ta te d ,  and th e  v a r io u s  d i f f e r e n t  r o c k - ty p e s  a re  

brought i n to  c lo s e  j u x t a p o s i t i o n  w ith  one a n o th e r  ( P la te  2 7 ) . Each 

of th e  ro c k - ty p e s  o c c u rr in g  a s  x e n o l i th s  i s r e p r e s e n te d  in  th e  c o u n try  

rocks o f th e  en v e lo p e , and i t  i s  p ro b ab le  t h a t  th e y  were d e r iv e d  from  

th is  so u rc e . I t  i s  a p p a re n t t h a t  th e  g ab b ro , w h i l s t  i t  was b e in g  

in tru d ed , p ic k e d  up fra g m e n ts  o f c o u n try  ro ck  w hich had become d e ta ch e d  

from th e  w a lls .-  T h is  n o r th e rn  c o n ta c t  r e p r e s e n ts  th e  s o le  o f th e  

gabbro s h e e t and a  s im i la r  x e n o l i th i c  l a y e r  a l s o  o ccu rs  a t  th e  base 

of a gabbro s h e e t  a t  H asvik  in  s o u th -w e s te rn  S / r / y  ( S tu r t ,  p e r s o n a l  

com m unication).

D is tr ib u tio n  o f R a f ts

A s tu d y  o f th e  d i s t r i b u t i o n  o f th e  m e ta sed im en ta ry  r a f t s ,  in  

p a r t ic u la r  th e  m e ta lim es to n es  w hich p ro v id e  a  m arker h o r iz o n , i s  

in s tru c t iv e .  I t  i s  b e l ie v e d  t h a t  th e  t r a i n s  o f  m e ta lim esto n e  r a f t s  

form a ghost s tr a t ig ra p la y  th ro u g h  b o th  th e  H u s f jo rd  m etagabbro and 

the H avnefjord  d i o r i t e ,  a  l a r g e  body o f f in e - g r a in e d  d i o r i t e  which 

has been in tru d e d  in to  th e  c e n t r a l  p a r t  o f  th e  m etagabbro . I t  can be 

seen from th e  g e o lo g ic a l  map t h a t  th e  m eta lim esto n e  r a f t s ,  a lth o u g h  

rather sp o ra d ic , te n d  to  be c o n c e n tra te d  a lo n g  two zones.

The n o r th e rn  zone l i e s  w ith in  th e  m etagabbro  to  th e  n o r th  o f th e
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P la te  26. X en oliths in  
metagabbro. H avnefjordfJeld,

P la te  27 . X en o lith s in  metagabbro. H avnefjordfjeld .
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H avnefjord  d i o r i t e ,  and th e  l i n e  o f r a f t s  ru n s  s l i g h t l y  d is c o r d a n t ly  

to  th e  gabbro  m arg in  a s h o r t  way in  from  th e  c o n ta c t .  Towards th e  

n o r th -e a s t  th e  r a f t s  become n e a r e r  to  th e  c o n ta c t  u n t i l  above H avne- 

f  j o rdbo tn  th e y  occur a t  th e  c o n ta c t .  To th e  n o r th - e a s t  o f t h i s ,  

lim esto n es  o ccu r in  th e  c o u n try  ro c k s  o u ts id e  th e  ig n eo u s com plex.

Towards th e  s o u th -w e s t,  th e  n o r th e rn  r a f t  t r a i n  o cc u rs  f u r t h e r  away from 

the m arg in , and th e  number o f r a f t s  d e c re a s e s  u n t i l  in  th e  so u th -w e s t 

th e re  a re  no r a f t s .  The f a c t  t h a t  th e  r a f t s  d ie  o u t a s  th e  d is ta n c e  

of th e  t r a i n  from  th e  c o n ta c t  in c r e a s e s  i s  p resum ab ly  due t o  t h e i r  

removal by th e  more m obile  c e n t r a l  p a r t  o f th e  incom ing gabbro  s h e e t .

The s o u th e rn  t r a i n  o f m e ta lim esto n e  r a f t s  l i e s  main]_y w ith in  th e  

H avnefjord d i o r i t e ,  b u t i t  a l s o  o ccu rs  in  th e  m etagabbro  on th e  

w estern s id e  o f  th e  d i o r i t e  t o  th e  n o r th - e a s t  o f K o b b e rfjo rd . T h is  

t r a in  o f r a f t s  ru n s  p a r a l l e l  w ith  th e  n o r th e rn  one, b u t i s  r a t h e r  

sporadic in  th e  d i o r i t e .  I t  i s  b e l ie v e d  t h a t  t h i s  zone may r e p r e s e n t  

the upper l im e s to n e  h o riz o n  m entioned  in  th e  s t r a t i g r a p h y  s e c t io n  in  

connection w ith  c o r r e l a t i o n  w ith  th e  L a n g s tran d  a r e a  (R o b e r ts , 1965, 1967). 

fu r th e r  d e s c r ip t io n  o f th e s e  m e ta ljjn e s to n e s  w i l l  be g iv e n  when th e  

Havnefjord d i o r i t e  i s  c o n s id e re d , b u t i t  i s  p e r t i n e n t  to  m ention  them 

here as th e y  y i e l d  in fo rm a tio n  c o n c e rn in g  th e  p r e - d i o r i t e  m orphology 

of the m etagabbro sh e e t.,  I t  i s  c o n s id e re d  t h a t  th e  r e g io n  now o ccu p ied  

hy the H av n efjo rd  d i o r i t e  may have p r e v io u s ly  been  a  s e r i e s  o f la r g e  

^metasedimentary s c re e n s  in  th e  H u s f jo rd  m etagabbro  ( se e  p . 1 1 8 ). These 

screens, which in c lu d e d  some m e ta lim e s to n e s , a re  th o u g h t to  have form ed

inner s u b s id ia ry  c o n ta c t  to  th e  gabbro  s h e e t .  The m eta lim esto n e

\
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r a f t s  o f th e  so u th e rn  t r a i n  t h a t  occur in  th e  gabbro  a re  n e a r  to  th e  

p re s e n t  d i o r i t e  c o n ta c t ,  and th u s  were p ro b a b ly  n e a r  to  th e  o r ig in a l  

in n e r  m e ta se d im en ta ry  s c re e n  c o n ta c t .  T h is  co u ld  e x p la in  th e  s u rv iv a l  

of m e ta sed im en ta ry  r a f t s  in  th e  m etagabbro a t  such a  d is ta n c e  from  

th e  m etagabbro*s o u te r  m arg in .

The s ig n i f i c a n c e  of th e  d i s t r i b u t i o n  and a t t i t u d e  o f th e  m e ta se d i

m entary  r a f t s  i n  r e l a t i o n  to  th e  in t r u s io n  o f th e  m etagabbro  w i l l  be 

made more e v id e n t  when em placem ent mechanisms a re  d is c u s s e d  (p . l i s ) .

E a r ly  D io r i t e s  and F e ld s p a th iz a t io n

The f in e r - g r a in e d  f o l i a t e d  f a c i e s  o f th e  H u s fjo rd  m etagabbro  h as  

been p a r t i c u l a r l y  s u s c e p t ib le  t o  f e ld s p a th i z a t io n  and th e  in t r o d u c t io n  

of d i o r i t i c  m a te r ia l .

The d i o r i t e s  a re  p y ro x e n e -m ic a -d io r i te s ,  some c o n ta in in g  q u a r tz .  

They g e n e r a l ly  occu r a s  narrow  b ands, w hich do n o t exceed  ab o u t a  m etre  

in  w id th  ( P la te  2 8 ) , b u t th e y  a l s o  form  i r r e g u l a r  v e in s  i n  th e  m eta

gabbro ( P la te  29) .  I n  th e  b an d s, th e  m in e ra ls  te n d  to  have a  p r e f e r r e d  

o r ie n ta t io n  p a r a l l e l  t o  th e  m arg in s , and t h i s  i s  p ro b a b ly  a  f lu x io n  

s t r u c tu r e .

The d i o r i t e  bands a re  p a r a l l e l  t o  one a n o th e r  and have been 

emplaced a lo n g  th e  m ost p ro m in en t jo in t - p l a n e s  b e lo n g in g  to  th e  o r th o 

gonal s e t .  Sometimes sm all apophyses p e n e t r a te  s id e  j o i n t s ,  and 

o c c a s io n a lly  th e  s t r u c tu r e  o f th e  d i o r i t e  bands show t h a t  th e y  have 

been em placed by a  d i l a t a t i o n a l  mechanism (F ig . 12A)..

Many of th e  d i o r i t e  bands have been, sh e a re d  ( P la te  30 ) and jo in te d



P la te  2 8 . Early d io r ite  
bands in  metagabbro. 
H usfjord.

P la te  29 . Early d io r ite  v e in s  in  metagabbro. Husfjord.
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A. DILATATIONAL EM PLA CEM EN T O F  EARLY DIO RITE BAND

B. FOLDED AND SH EA RED  EARLY DIORITE VEIN
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P la te  30. Sheared early  
d io r ite  bands. H usfjord.

P la te  31* Early d io r ite  bands in  fe ld s;^ th iz e d  meta
gabbro. H usfjord.
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du rin g  F2 movements. Some o f th e  narrow  i r r e g u l a r  v e in s  have been  

o f f s e t  by sm all sh e a rs  w hich a re  o r ie n ta te d  p a r a l l e l  t o  th e  g e n e ra l  

sh ea rin g  d i r e c t i o n  (F ig . 12B ), T h is  p la n e  o f s h e a r in g  i s  a l s o  a x i a l  

p la n a r  to  th e  sm a ll f o ld s  w hich form  in  th e  v e in s ,  and th e s e  f o ld s  

a re  presum ably  sh e a r  f o ld s  form ed by d i f f e r e n t i a l  movement a lo n g  

shear p la n e s  (de S i t t e r ,  1956; H i l l s ,  1 9 6 3 ).

As d e s c r ib e d  on p . 4 0 , th e  d i o r i t e  bands have been  fo ld e d  in to

a la r g e  open a r c u a te  f o ld  by th e ^ a te  F2 movements (se e  F ig , 6 ) ,
I '

r e f l e c t i n g  th e  a r c u a te  form  o f  th e  m etagabbro  s h e e t .

The f o l i a t e d  f a c i e s  o f th e  H u s fjo rd  m etagabbro  has a l s o  been  prone 

to  f e ld s p a th iz a t io n ,  w hich o n ly  o cc u rs  i n  th e  neighbourhood  o f th e  

d i o r i t e  bands and a p p e a rs  t o  be a s s o c ia te d  w ith  them ( P la te  31)* The 

gabbro c o n ta in s  s t r e a k s  and bands w hich a re  abundan t in  f e ld s p a r  porphy- 

r o b la s t s ,  th e  f e ld s p a r s  a lw ays b e in g  e lo n g a te d  p a r a l l e l  t o  th e  f o l i a t i o n  

in  th e  m etagabbro . In  some c a se s  th e  p o rp h y ro b la s ts  a re  r e l a t i v e l y  

d isp e rse d  and th e  b o rd e rs  o f th e  f e ld s p a th iz e d  a r e a  a re  d i f f u s e  (P la te  

32) .  In  o th e r  c a s e s  th e  p o rp h y ro b la s ts  a re  c lo s e ly  spaced  and th e  

m argins o f th e  bands o f  f  e ld  s p a th  i  z a t  io n  a re  s h a rp ly  d e f in e d  ( P la te  33) • 

There a re  a l l  g r a d a t io n s  betw een th e s e  e x tre m es , and in  many bands th e  

spacing o f p o rp h y ro b la s ts  v a r i e s  a c ro s s  t h e i r  w id th s  ( se e n  to  some 

ex ten t in  P la te  33) • O c c a s io n a lly  th e  p o rp h y r o b la s ts  become so c lo s e ly  

spaced th a t  th e  bands o f f e ld s p a th i z a t io n  resem b le  th e  d i o r i t e  bands. 

However, c lo se  in s p e c t io n  r e v e a l s  th e  p re se n c e  o f  sm all p a tc h e s  of 

metagabbro betw een th e  f e ld s p a r  p o rp h y r o b la s t  s .

The emplacement o f th e  d i o r i t e  bands p o s t-d a te d  th e  f  e ld s p a th i  z a t  io n



P la te  32 .  D iffu se  f e ld s -  
p a th iza tio n  o f  metagabbro. 
H usfjord.

Plate 33.  Dense fe ld s*  
pathization of metagabbro. 
Husfjord.
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s in c e  th e y  a re  seen  t o  c u t  a c ro s s  p a tc h e s  of f e ld s p a th i z a t io n .  I t  i s  

p o s s ib le  t h a t  th e  two e v e n ts  were c lo s e ly  l in k e d  in  t im e , th e  

f e ld s p a th iz a t io n  b e in g  a p re c u rs o r  t o  th e  d i o r i t e  in t r u s io n .  P é tro 

g rap h ie  ev id en ce  shows t h a t  th e  d i o r i t e  i n t r u s io n  fo llo w e d  th e  peak 

of th e  r e g io n a l  m etam orphism , and i t  i s  p o s s ib le  t h a t  th e  f e ld s p a th i 

z a tio n  co u ld  have been  a s s o c ia te d  w ith  th e  h ig h e r  g ra d e s  o f th e  r e g io n a l  

metamorphism.

A s im ila r  phenomenon o ccu rs  in  th e  S to r e lv  m etagabbro , w hich i s  a  

gabbro s h e e t  o c c u r r in g  to  th e  n o r th -w e s t o f  th e  H u sfjo rd  a r e a  (S tum pfl 

and S t u r t ,  1965; S t u r t  and Ramsay, p e r s o n a l  com m unication). H ere , 

th e  in t r u s iv e  v e in s  a r e  more i r r e g u l a r  i n  form  th a n  in  th e  H u s fjo rd  

a re a  and a re  more g r a n i t i c .  A lgo , e x te n s iv e  d i f f u s e  g r a n i t i z a t i o n  of 

th e  m etagabbro h as  ta k e n  p la c e ,  and t h i s  i s  c o n s id e re d  by S tu r t  and 

Ramsay t o  be a m etam orphic phenomenon.

L a te  D i o r i t e 8

In to  th e  c e n t r a l  zone o f th e  H u s fjo rd  m etagabbro  h as  been  em placed 

a complex o f d i o r i t e s ,  some o f w hich a r e  f in e - g r a in e d  and some a re  

c o a rse -g ra in e d .

The l a r g e s t  body of d i o r i t e  i s  th e  f in e - g r a in e d  H av n efjo rd  d i o r i t e ,  

which has th e rm a lly  m etam orphosed th e  H u s fjo rd  m etag ab b ro . The e f f e c t s  

of the c o n ta c t  metamorphism can  be observ ed  in  th e  m etagabbro f o r  some 

300-4.00 m. from  th e  d i o r i t e  m arg in . C e r ta in  o f th e  e f f e c t s  o f th e  

thermal metamorphism can  be o b serv ed  in  th e  f i e l d ,  though th e  m ajor 

part of th e  ev id en ce  r e s u l t s  from  p é tro g ra p h ie  s tu d i e s .
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The m ain o b se rv a b le  e f f e c t  i s  t h a t  th e  m etagabbro  becomes more 

a m p h ib o litic  in  th e  neighbourhood  o f th e  d i o r i t e .  Sometimes f e ld s p a r  

p o rp h y ro b la s ts  d e v e lo p , and th e s e  v e ry  o c c a s io n a l ly  c o n ta in  m inute 

in c lu s io n s  o f m afic  m in e ra ls  i n  t h e i r  c e n t r a l  p a r t s .  Some of th e  

e a r ly  c o a rse  d i o r i t e  bands in  th e  m etagabbro o ccu r w ith in  th e  a u re o le  

of th e  H av n e fjo rd  d i o r i t e ,  and th e s e  have a ls o  been  am p h ib o lized  and 

have become crum bly on w e a th e r in g . I n c lu s io n s  o f b o th  th e  m etagabbro 

and th e  e a r ly  d i o r i t e s ,  to g e th e r  w ith  t r o c t o l i t e  l e n s e s ,  occur w ith in  

th e  H av n efjo rd  d i o r i t e .

There i s  no ev id en ce  in  th e  m etagabbro  t h a t  th e  H av n efjo rd  d i o r i t e  

caused any m arked d e fo rm a tio n  o f i t s  envelope  d u r in g  i t s  em placem ent.

P e g m a tite s

The m etagabbro  c o n ta in s  numerous a c id  p e g m a tite s  w hich v a ry  g r e a t ly  

in  d im ensions, o r i e n ta t i o n ,  and g r a i n - s i z e .  The s m a l le s t  a re  o c c a s io n a l 

narrow c h i l l e d  m a rg in s , and th e  l a r g e s t  i s  a  c o a r s e -g ra in e d  body ab o u t 

4-0 m. long  and ab o u t 3 m. th i c k .  The m a jo r i ty  a re  l e s s  th a n  1 m. in  

th ick n ess  and o n ly  a  few m e tre s  in  le n g th  and do n o t u s u a l ly  e x h ib i t  

c h il le d  m arg ins. They a re  p a r t i c u l a r l y  abundant w ith in  th e  a u re o le  o f 

the Havnef jo r d  d i o r i t e , - a n d  e s p e c i a l l y  a lo n g  th e  c o n ta c t  zone. They 

are seen to  c u t  a c ro s s  some o f  th e  e a r ly  d i o r i t e s  t h a t  have been in tru d e d  

in to  th e  H u sfjo rd  m etagabbro .

Hany o f th e  p e g m a tite s  have a  r u n ic  t e x tu r e  in  w hich g ra p h ic  

in tergrow ths o f q u a r tz  and f e ld s p a r  can  be seen  on th e  m acroscopic  

scale, and o c c a s io n a l ly  q u a r tz  c r y s t a l s  a r e  b e a u t i f u l l y  e u h e d ra l.
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Normally th e r e  i s  no p r e f e r r e d  o r i e n ta t i o n  o f th e  c r y s t a l s  in  th e  

p e g m a tite s , b u t in  some c a s e s  th e  f e ld s p a r s  and q u a r tz  c r y s t a l s  a re  

a lig n ed  p a r a l l e l  t o  th e  m arg in s o f th e  p e g m a tite . T h is  o r i e n ta t i o n ,  

where i t  o c c u rs , i s  n o t n e c e s s a r i ly  a t  th e  p eg m a tite  m arg in , b u t t h i s  

i s  th e  most common s i t e  f o r  i t s  developm ent. In  th e s e  c a se s  where th e r e  

i s  a m arg in a l f o l i a t i o n ,  th e  gabbro  a t  th e  c o n ta c t  h as  developed  a 

s c h i s to s i ty  p a r a l l e l  t o  th e  m arg in  o f th e  p e g m a tite  and has become 

augened in  th e  c o n ta c t  zone. I n  o th e r  p e g m a ti te s ,  th e  m arg in a l zones 

co n ta in  l a r g e  b i o t i t e s  o r ie n ta te d  p e rp e n d ic u la r  t o  th e  c o n ta c ts .

The g r a in - s i z e  o f a  p a r t i c u l a r  p e g m a tite  i s  g e n e r a l ly  v e ry  v a r i a b l e ,  

f in e -g ra in e d  a p l i t i c  p a tc h e s  commonly o c c u r r in g  in  c o a r s e -g ra in e d  b o d ie s . 

I f  th e  p eg m a tite  h as  a s c h i s t o s i t y  p a r a l l e l  to  i t s  m a rg in s , th e n  th e  

a p l i t i c  p a tc h e s  a re  e lo n g a te d  p a r a l l e l  to  th e  s c h i s t o s i t y .  Where no 

s c h is to s i ty  e x i s t s ,  th e y  a r e  i r r e g u l a r  i n  fo rm .

The m etagabbro  in  th e  neighbourhood  o f p e g m a tite s  i s  a lm o st 

in v a r ia b ly  a m p h ib o lized , th e  a l t e r e d  gabbro g ra d in g  in to  norm al m eta

gabbro away from  th e  p e g m a ti te s .  The amount o f a m p h ib o liz a tio n  v a r ie s  

w ith th e  d im ensions and g r a in - s i z e  o f th e  p e g m a tite ,  b e in g  g r e a te r  n ex t 

to  la rg e  or c o a r s e -g ra in e d  b o d ie s .

This a m p h ib o liz a tio n  i s  o f two k in d s .  In  one k in d , where th e  

pegm atite has a  sh a rp  c o n ta c t  w ith  th e  m etagabbro , th e  secondary  

’QJnp h ib o le s  t h a t  a re  d ev e lo p ed  in  th e  gabbro  o f te n  have a p r e f e r r e d  

o r ie n ta tio n  s u b -p e rp e n d ic u la r  t o  th e  c o n ta c t .  T h is  i s  shown in  a  hand 

specimen in  w hich th e  o r i e n ta t i o n  o f th e  am phibo les has been marked 

(Rlate 34.), I t  would seem t h a t  a  t r a n s f e r  o f h e a t  and chem ical



P late  ÿ f .  Am phibolization o f  metagabbro by pegm atite; 
the pegm atite i s  w hite; the black l in e s  are drawn 
p a r a lle l to  the o r ie n ta tio n  o f the amphibole c r y s ta ls .  
From H usfjord.
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c o n s t i tu e n t s ,  p a r t i c u l a r l y  v o l a t i l e s ,  from  th e  p e g m a tite  h as  p assed  

ac ro ss  th e  c o n ta c t ,  and t h a t  th e  seco n d ary  am phiboles d ev e lo p in g  in  

the  m etagabbro ten d ed  to  grow p a r a l l e l  t o  th e  th e rm a l and ch em ical 

g r a d ie n t .

The o th e r  k in d  o f a m p h ib o liz a tio n  o ccu rs  in  th e  m a jo r i ty  o f c a s e s ,  

where p e g m a tite s , p a r t i c u l a r l y  th e  c o a r s e r - g r a in e d  o n es , do n o t have 

sh a rp ly -d e f in e d  c o n ta c t s ,  b u t  have i r r e g u l a r ,  rag g ed  m arg in s . M eta

gabbro i s  e n c lo se d  by p e g m a tite  a t  th e  m a rg in s , and p e g m a tit ic  m a te r ia l  

lo b es  in to  th e  gab b ro . T here i s  no c h i l l i n g  o f th e  p e g m a tite  a g a in s t  

i t s  h o s t ,  and th e  a m p h ib o liz a tio n  of th e  m etagabbro  i s  o f te n  c o a rs e 

g ra in ed  and e x te n s iv e ,  th e  am phibole c r y s t a l s  n o t h av in g  any p r e f e r r e d  

o r ie n ta t io n .

I t  i s  g e n e r a l ly  c o n s id e re d  t h a t  th e r e  a re  two modes o f em placem ent 

of p eg m atite s  and a p l i t e s .  One i s  by in t r u s io n ,  and th e  o th e r  i s  by 

m etasom atic re p la c e m e n t o f th e  h o s t  ro ck  (Ramberg, 1952; T urner and 

Verhoogen, I9 6 0 ) .

C r i t e r i a  f o r  d i s t in g u is h in g  betw een d ü a t a t i o n a l  and rep lacem en t 

pegm atites have been d e s c r ib e d  by Ramberg (1952) and King (1 9 /0 ) .

However, in  th e  H u s f jo rd  p e g m a tite s  th e s e  c r i t e r i a  co u ld  n o t be u sed , 

since th e  absence o f  band ing  p re c lu d e s  th e  s tu d y  o f o f f - s e t t i n g  r e l a 

t io n sh ip s .

The on ly  p e g m a tite s  t h a t  a re  c l e a r l y  i n t r u s iv e  a re  th o se  few 

m icropegm atites which show narrow  c h i l l e d  m a rg in s . In  th e  case  o f th e  

remaining p e g m a tite s , th e r e  i s  no c o n c lu s iv e  ev id en ce  a s  to  w hether 

't'Hey have an in t r u s iv e  o r a  m etasom atic  o r ig in .  However, t h e i r  i l l - d e f i n e d
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c o n ta c ts ,  th e  absence  of c h i] .le d  m arg in s , th e  way in  w hich th e y  

p e n e tra te  in to  th e  m etagabbro and cause  e x te n s iv e  c o a r s e -g ra in e d  amphi

b o l iz a t io n  a l l  su g g e s t t h a t  th e y  a re  p ro b ab ly  o f m etasom atic  o r ig in .

M etasom atic o r re p lac e m en t p e g m a tite s  do occur in  S / r / y ,  and th e s e  

a re  b e l ie v e d  to  have been  form ed by m etasom atic  rep lacem en t o f th e  h o s t  

rock  d u r in g  r e g io n a l  metamorphism (R o b e r ts , 1 9 6 5 ). In  th e s e  c a se s  th e  

h o s t ro ck  was g n e i s s i c ,  and i t  was c o n s id e re d  t h a t  d i f f u s io n  o f f e l s i c  

c o n s t i tu e n ts  from  th e  g n e is s  in to  lo w -p re s su re  zones to o k  p la c e .  In  

th e  H u sfjo rd  p e g m a tite s  how ever, i t  i s  c l e a r  t h a t  such q u a n t i t i e s  o f 

q u a rtz  and a l k a l i  f e ld s p a r  co u ld  n o t have been  su p p lie d  by d i f f u s io n  

from th e  m etagabbro , and th e  a m p h ib o le -r ic h  p a tc h e s  a re  n o t l i k e l y  to  

r e p re s e n t  com plem entary b a s ic  zones rem a in in g  a f t e r  th e  rem oval o f f e l s i c  

c o n s t i tu e n ts ,  a s  in  exam ples g iv en  by Ramberg (1 9 5 2 ). I t  i s  more 

probable  t h a t  th e  f e l s i c  c o n s t i tu e n t s  fo rm ing  th e  p e g m a tite s  were 

in tro d u ced  in to  th e  m etagabbro  from  e lse w h e re , and t h a t  th e  am p h ib o li

z a tio n  i s  a  seco n d ary  e f f e c t ,  a t te n d a n t  upon t h i s  in t r o d u c t io n .

I t  i s  n e c e s sa ry  t o  c o n s id e r  a  p o s s ib le  o r ig in  f o r  t h i s  in tro d u c e d  

m a te r ia l. The p e g m a tite s  p o s t - d a te  th e  peak o f th e  r e g io n a l  metamorphism 

They a re  e s p e c ia l ly  abundan t in  th e  ne ighbourhood  o f th e  H avnef jo rd  d io 

r i t e ,  p a r t i c u l a r l y  a lo n g  i t s  n o r th e rn  m arg in , and may be a s s o c ia te d  w ith  

the d i o r i t e ' s  em placem ent. The v o l a t i l e s  r e s p o n s ib le  f o r  th e  fo rm a tio n  

of the  p e g m a tite s  m ight have been g iv en  o f f  a t  a  l a t e  s ta g e  in  th e  

c r y s ta l l i z a t io n  o f th e  H avnef jo r d  d i o r i t e .



P la te  35* Sheared early  d io r ite  and meta
gabbro. H usfjord.



P la te  36. Boudinéd 
t r o c t o l i t e  in  sheared 
metagabbro. H usfjordness.

%

P la te  37* T r o c to lite  boudins in  sheared metagabbro. 
H usfjordness.
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S h e a r - b e l t s

There a re  two zones o r b e l t s  in  th e  H u sfjo rd  m etagabbro  in  which 

sh ea rin g  has ta k e n  p la c e .  The n o r th e rn  s h e a r - b e l t  ru n s  from  th e  e a s t  

s id e  o f H u s f jo rd , a c ro s s  th e  i s la n d s  in  th e  f j o r d ,  so u th  o f V a tn a f je ld ,  

and th e n  sou thw ards to  th e  c o a s t  a t  Gâshopen ( se e  g e o lo g ic a l  map).

The so u th e rn  b e l t  i s  su b c o n c e n tr ic  w ith  th e  n o r th e rn  b e l t ,  ru n n in g  

from H u s fjo rd n e ss  in  th e  e a s t  t o  Kom agfjord in  th e  so u th . Each b e l t  i s  

a few hundred  m e tre s  in  w id th .

In  th e  n o r th e rn  b e l t  o n ly  th e  e a r ly  d i o r i t e  bands have been s l i g h t l y  

sheared , b u t in  th e  so u th e rn  b e l t  th e  m etagabbro  a s  w e ll  as  th e  d i o r i t e  

bands have been sh e a re d , and where s h e a r in g  was m ost in te n s e  a s tro n g  

f o l i a t i o n  was form ed ( P la te  3 5 ) . T h is  f o l i a t i o n  i s  p a r a l l e l  t o  th e  

most prom inent j o i n t - d i r e c t i o n  b e lo n g in g  to  th e  o r th o g o n a l s e t  in  th e  

m etagabbro.

In  t h i s  l a t t e r  b e l t ,  th e r e  a re  num erous b an d s, s tr e a lc s ,  and le n s e s  

of t r o c t o l i t e ,  p a r t i c u l a r l y  w e ll  exposed a t  H usf jo rd n e s s .  The t r o c t o l i t e  

g e n e ra lly  form s l e n t i c u l a r  and b a r re l - s h a p e d  b o u d in s , v a ry in g  from  -g- m#. 

to  about 10 m. in  le n g th  ( P la te s  36 and 3 7 ) . S heared  m etagabbro  and 

sheared d i o r i t e  bands swing around  th e  b o u d in s , w hich a re  a l s o  o f te n  

sheared a t  t h e i r  m arg in s . I t  i s  c l e a r  t h a t  th e  t r o c t o l i t e s  have been 

more r e s i s t a n t  t o  d e fo rm a tio n , p resum ably  due t o  t h e i r  r e l a t i v e l y  h ig h  

competence.

The th re e  p r in c ip a l  ax es  o f th e  t r o c t o l i t e  boud ins a re  d i f f e r e n t  

^  len g th . The s h o r t e s t  a x i s  i s  p e rp e n d ic u la r  t o  th e  g e n e ra l b an d in g , 

and the lo n g e s t  i s  p a r a l l e l  t o  th e  s t r i k e  o f  th e  b an d in g . In  p la c e s
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th e re  i s  a  s tro n g  l i n e a t i o n  on some o f th e  j o i n t  s u r f a c e s  p a r a l l e l  to  

th e  f o l i a t i o n .  T h is  l i n e a t i o n  i s  due t o  s l ic k e n s id in g ,  and was p re su 

mably produced by r e l a t i v e  movement o f d i f f e r e n t  p a r t s  o f th e  m etagabbro 

sh ee t d u rin g  d e fo rm a tio n . The l i n e a t i o n  p lu n g es  s te e p ly  to  th e  n o r th ,  

and s in c e  th e  ro c k s  h e re  have an s t r i k e ,  i t  ap p ea rs  t h a t  i t  i s  p ro 

bab ly  an Fp a - l i n e a t i o n ,  in d ic a t in g  th e  d i r e c t io n  o f t r a n s p o r t  a t  l e a s t  

on a lo c a l  s c a le .

I t  i s  p ro b ab le  t h a t  th e ,c a u s e  o f th e  s h e a r in g  was i n t e r n a l  f a i l u r e  

in  th e  m assive  m etagabbro s h e e t  d u r in g  f o ld in g .  I t  i s  l i k e l y  t h a t  

as f o ld in g  p ro g re s se d , t h a t  p a r t  o f  th e  s h e e t  n e a r e s t  th e  concave s id e  

of th e  d ev e lo p in g  f o ld  would have had a  co m p ress io n a l s t r a i n  s e t  up in  

i t ,  w hereas t h a t  p a r t  on th e  convex s id e  would have had a  t e n s io n a l  

s t r a in .  These opposing  i n t e r n a l  s t r a i n s  A ig h t have cau sed  in t e r n a l  

sh earin g  in  th e  c e n t r a l  p a r t  o f  th e  s h e e t .  S h ea rin g  p roduced  in  t h i s  

way, by th e  r e le a s e  o f s t r a i n ,  would have ta k e n  p la c e  m ost r e a d i ly  a long  

zones o f w eakness in  th e  s h e e t .  I t  i s  n o t ic e a b le  t h a t  th e  s h e a r - b e l t s  

are p a r t i c u l a r l y  r i c h  in  e a r ly  d i o r i t e  b an d s , and i t  i s  p o s s ib le  t h a t  

these  p ro v id ed  zones o f  r e l a t i v e  w eakness a lo n g  w hich s h e a r in g  co u ld  

re a d ily  have ta k e n  p la c e .  T h is  i s  borne o u t by th e  f a c t  t h a t  th e  

shearing  i s  m ost in te n s e  in  th e  d i o r i t e  b an d s .

P e r th o s i t e s

A number o f s h e e ts  o f p e r th o s i t e  have been  em placed in to  th e  

Husfjord m etagabbro . They a re  p in k  o r cream c o lo u re d , and v a ry  in  

g ra in -s ize  from f a i r l y  f in e  t o  f a i r l y  c o a rs e .  The s iz e  o f th e  s h e e ts



80

i s  a ls o  v e ry  v a r i a b le ;  th e  l a r g e s t  ones a re  te n s  o f m e tre s  t h i c k ,  

whereas th e  s m a lle s t  a re  i r r e g u l a r  s t r e a k s  and v e in s  on ly  a  few 

m ill im e tre s  th i c k .

The d i s t r i b u t i o n  o f th e  p e r th o s i t e s  f a l l s  in to  two c a te g o r ie s .

In  one, th e  s h e e ts  have been  em placed in to  th e  more in te n s e  o f th e  

two s h e a r - b e l t s  t h a t  occur in  th e  H u s fjo rd  m etagabbro , where t h e i r  

a t t i t u d e  i s  p a r a l l e l  t o  th e  f o l i a t i o n  o f  th e  s h e a r - b e l t .  In  th e  o th e r  

ca teg o ry  th e  s h e e ts  a re  o r ie h ta te d  r a d i a l l y  to  t h i s  a rc  and a re  su b v er

t i c a l .  Those o f th e  fo rm er group a re  c o n fin e d  to  th e  s h e a r - b e l t  in  

th e  m etagabbro, w hereas th o se  o f th e  l a t t e r  group p e n e t r a te  th e  V atna 

gabbro.

A common f e a tu r e  o f th e  p e r th o s i t e s  in  th e  s h e a r - b e l t  i s  th e  

occurrence o f in c lu s io n s  o f  sh e a re d  H u s f jo rd  m etagabbro , and a ls o  of 

p o rp h y r i t ic  dyke ro c k . The p e r th o s i t e s  o f  th e  o th e r  group do n o t c o n ta in  

many in c lu s io n s ,  b u t a re  c u t  by numerous l a t e r  b a s ic  d y k es . A f u l l  

d isc u ss io n  on th e  p e r th o s i t e s  ap p ea rs  on p . 134 .

H ydro therm al V eins

Throughout th e  H u s fjo rd  m etagabbro  th e r e  a re  numerous t h i n ,  dark  

veins which a re  o n ly  a c e n tim e tre  or l e s s  in  th ic k n e s s .  They a re  more 

r e s i s ta n t  th a n  th e  m etagabbro  and th e y  alw ays s ta n d  o u t a s  r i b s  on w eath

ered su rfa c e s . These v e in s  c o n s is t  a lm o st e n t i r e l y  o f f ib r o u s  a c t i n o l i t i c  

amphibole, som etim es w ith  sphene, and would ap p ear to  be th e  r e s u l t  o f 

Hydrothermal a l t e r a t i o n  a lo n g  j o i n t s ,  o r i n c ip i e n t  j o i n t s .

The a t t i t u d e s  o f th e  v e in s  a re  e x tre m e ly  v a r ia b le  and do n o t form
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in to  any s t a t i s t i c a l  p a t t e r n .  They o f te n  o ccu r in  swarms in  which 

in d iv id u a l  v e in s  may c ro s s  or merge w ith  o th e r s .  They a re  l a t e r  th a n  

th e  e a r ly  d i o r i t e s  and th e  p e g m a tite s ,  a s  th e y  a re  seen  to  c u t  b o th  th e s e .

O c c a s io n a lly  th e r e  i s  ev id en ce  t h a t  movement had ta k e n  p la c e  a lo n g  

some o f th e  j o i n t s  p r io r  t o  th e  fo rm a tio n  o f th e  v e in s .  T hin  e a r ly  

d io r i t e  v e in s  have been  o f f s e t  by th e  movement, b u t  th e  v e in  i t s e l f  

i s  n o t sh e a re d  ( P la te  3 S ). I t  would seem t h a t  th e s e  v e in s  som etim es 

formed a long  some o f th e  l a t e  F2 j o i n t s ,  and p ro b a b ly  a s s o c ia te d  w ith  

a p o s t-F 2 phase  o f r e g io n a l  m etam orphism .

H v lo n ite s

The l a t e  F2 d e fo rm a tio n  i s  th e  l a s t  t e c to n ic  e v e n t observed  t o  

have ta k e n  p la c e  i n  th e  a r e a ,  and was o f a  c o m p a ra tiv e ly  b r i t t l e  n a tu r e ,  

and a t  t h i s  tim e a  number o f m y lo n ite  zones were form ed in  th e  H u sfjo rd  

m etagabbro. These m y lo n ite s  a re  n arro w , and a re  u s u a l ly  o n ly  a  few 

m illim e tre s  o r c e n t im e tre s  i n  th ic k n e s s .  I n  th e s e  zones o f in te n s e  

sh earin g , dynamic metamorphism h as  advanced  f a r  enough t o  produce a 

f in e -g ra in e d , h a rd , b la c k  o r g re e n is h  m y lo n ite , which h as  form ed from  

the  m etagabbro by c a t a c l a s i s .

The a t t i t u d e  o f th e s e  m y lo n ite s  is shown i n  th e  s te re o g ra p h ic  p lo t

of F ig , Y, and i t  can  be seen  t h a t  th e  sh e a r  p la n e s  d ip  f a i r l y  g e n tly

to  th e  S.S.W. I t  was m entioned  in  th e  s t r u c t u r a l  s e c t io n  (p . 40 ) t h a t

hhe s t r ik e  of th e s e  m y lo n ite s  i s  p a r a l l e l  t o  th e  a x is  o f th e  l a t e  F2 

warp-fold, and t h a t  th e y  p ro b a b ly  r e p r e s e n t  s h e a rs  form ed d u rin g  t h i s  

phase of defo  rm a tio n . L in e a t io n  on th e  s h e a r -p la n e s ,  a p p a re n tly  due



P la te  38. Hydrothermal ve in  along a jo in t  
which has o f f s e t  an ea r ly  d io r ite  v e in .
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to  s l i c k e n s id in g ,  p lu n g es  to  th e  so u th  (F ig . 7 ) .

8one o f th e s e  m y lo n ite  zones a re  q u i te  com plex and com prise s e v e ra l  

sh e a r-p la n e s  w hich som etim es have s l i g h t l y  d i f f e r e n t  o r i e n ta t i o n s .

For exam ple, s e p a ra te  m y lo n ite  bands may merge ( P la te  3 9 ) , and th e  i n t e r 

s e c tio n  o f such  bands som etim es c a u se s  th e  fo rm a tio n  o f a n o th e r  l i n e a t i o n  

on th e  s h e a r -p la n e s .

In  th e  t h i c k e r  sh e a r-z o n e s  a  g r a d a t io n  can be seen  from  norm al 

m etagabbro in to  th e  m y lo n ite . As th e  m y lo n ite  i s  ap p ro ach ed , th e  m eta

gabbro r a p id ly  becomes p r o g re s s iv e ly  augened , w ith  th e  fo  rm a tio n  of 

augen of f e ld s p a r  and am phibo le . S h e a rin g  th e n  becomes more in te n s e ,  

and th e  augen d e c re a se  in  s iz e  u n t i l  th e y  d is a p p e a r ,  and a  d a rk , smooth, 

banded m y lo n ite  i s  form ed.

The m y lo n ite s  p o s t - d a te  th e  e a r ly  d i o r i t e  b an d s, a s  th e y  c u t  th ro u g h  

the l a t t e r .  A gain , p ro g re s s iv e  augen ing  o f  th e  d i o r i t e  a t  th e  m argin  

of th e  m y lo n ite  i s  som etim es seen .

The m y lo n ite s  a l s o  p o s t - d a te  th e  p e g m a ti te s ,  a s  o c c a s io n a l ly  a 

m icropegm atite  v e in  h a s  been  in v o lv e d  in  th e  s h e a r in g .  In  one p la c e ,  

a th in  p a le  p in k  m ic ro p e g m a tite  h a s  been fo ld e d  in to  s m a ll- s c a le  f o ld s  

along th e  upper edge o f  a  m y lo n ite  band. The lim b s  o f th e  f o ld s  v a ry  

in  le n g th  from  a few  m ill im e tre s -  t o  a  few  c e n t im e tr e s ,  and in  g e n e ra l 

they a re  recum ben t, b e in g  o v e r tu rn e d  to w ard s th e  s o u th .  F o ld - s ty le s  

■'̂ ary; some a re  c h e v ro n - l ik e ,  some a re  ro u n d ed , and some show a  su p ra -  

tenuous form . The o v e r tu rn e d  lim b s  a re  n o t th in n e d .  In  s p i t e  o f th e  

v a r ia tio n  in  f o l d - s t y l e s ,  t h e i r  a x i a l  p la n e s  a re  s u b p a r a l l e l ,  a lth o u g h  

tren d s  o f t h e i r  axes w i th in  th e  a x i a l  p la n e s  a re  commonly d iv e rg e n t .
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P la te  39* M ylonite in  Husfjord metagabbro* 
H usfjord.
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sometimes by a s  much as  9 0 ° . These f o ld s  a re  n o t s h e a r - f o ld s  as  

d e sc rib e d  by de S i t t e r  (1956) and H i l l s  (1 9 6 3 ), s in c e  t h e i r  a x i a l  

p lan es  a re  n o t p a r a l l e l  t o  th e  p lan e  o f s h e a r in g . The f o ld s  m ust have 

been form ed by th e  opposing  co u p le  w hich was r e s p o n s ib le  f o r  th e  

s h e a r in g . A m ic ro fo ld  l i n e a t i o n  i s  form ed on th e  s h e a r - p la n e s ,  and t h i s  

i s  s u b -p e rp e n d ic u la r  to  th e  s l ic k e n s id e  l i n e a t i o n .

I t  i s  p o s s ib le  t h a t  th e r e  m igh t be a  com plem entary sh ea r-zo n e  

d i r e c t io n  d ip p in g  to  th e  n o r th ,  b u t  w hich h as n o t d ev e lo p ed  to  th e  

same e x te n t  a s  t h a t  d ip p in g  to  th e  so u th .
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THE D IO R IT E S 

I n t r o d u c t i o n

An im p o rta n t group o f ro ck s  in  th e  ig n eo u s com plex i s  a s u i t e  o f 

d i o r i t e s ,  w hich a re  v a r ia b le  in  d im en sio n s  and in  g r a i n - s i z e .  The 

l a r g e s t  d i o r i t e  body, th e  H avnef jo r d  d i o r i t e ,  h as  a  maximum w id th  of 

ju s t  under 2 k m ., and i s  f in e - g r a in e d .  The rem a in in g  d i o r i t e s  form  s h e e ts  

rang ing  from  a few  m e tre s  t o  s e v e ra l  te n s  o f m e tre s  in  w id th , and m ost 

of them a re  c o a r s e -g ra in e d .  Some o f th e  d i o r i t e  s h e e ts  have been 

emplaced in to  th e  H av n efjo rd  d i o r i t e  and th u s  c l e a r l y  p o s t- d a te  i t .

O thers do n o t make c o n ta c t  w ith  th e  H a v n e fjo rd  d i o r i t e  and so th e r e  

i s  no f i e l d  ev id en ce  f o r  t h e i r  r e l a t i v e  a g e s .

The H avnef jo r d  d i o r i t e  VTill be d e s c r ib e d  f i r s t ,  a s  t h i s  i s  th e  

main body, and t h i s  w i l l  be fo llo w e d  by th e  rem ain in g  d i o r i t e s .

HAVIŒFJORD DIORITE

G enera l

T h is  i s  a  l a r g e ,  f a i r l y  homogeneous body o f f in e - g r a in e d  pyroxene- 

m ic a -d io r i te .  T h in  s e c t io n  s tu d y  shows t h a t  i t  h as  n o t undergone th e  

h igh-grade reg io n a]. metamorphism t h a t  h as  a f f e c te d  th e  H u s fjo rd  m eta

gabbro, and so m ust p o s t - d a te  th e  peak o f th e  r e g io n a l  m etam orphic e v e n t. 

Furtherm ore, sy n -c ry  s t  a l l  i  z a t  io n  d e fo rm a tio n  o f c r y s t a l s  in d ic a te  t h a t  

emplacement was contem poraneous vTith a phase  o f fo ld in g  which must have 

been of F2 age .

I t s  o u tc ro p  i s  a r c u a te  i n  shape and i s  ab o u t 12  km. in  le n g th .



8 5

run n in g  from  S tra n d t in d  in  th e  so u th -w e s t to  F e l l a  in  th e  n o r th - e a s t .

I t s  maximum w id th , which i s  j u s t  under 2 km ., i s  in  th e  c e n t r a l  p a r t ,  

and i t  t h in s  ou t to w ard s e i t h e r  end. I t  ta k e s  th e  form  o f a s h e e t  and 

has been  em placed in to  th e  c e n t r a l  p a r t  o f th e  H u s fjo rd  m etagabbro .

Both i t s  n o r th -w e s te rn  and i t s  s o u th - e a s te r n  c o n ta c ts  d ip  s te e p ly  tow ards 

a g e n e ra l n o r th e r ly  o r n o r th - w e s te r ly  d i r e c t i o n  ( P la te  40) , The con

t a c t s  a re  s u b p a r a l l e l  to  th o se  o f th e  H u s f jo rd  m etag ab b ro , and i t  h as  

a subconcordan t r e l a t i o n s h i p  w ith  th e  t r e n d  o f th e  m etagabbro  s h e e t .

I t  i s  a  f a i r l y  r e s i s t a n t  ro c k , fo rm ing  h ig h  ground to  th e  n o r th  

of H u s fjo rd . I t  w ea th e rs  t o  a  l i g h t  y e l lo w is h -g re y  c o lo u r ,  and s u r fa c e s  

become more rounded  th a n  th e  w ea th ered  s u r f a c e s  o f th e  H u s f jo rd  m eta

gabbro. In  p la c e s  i t  has  a c o a rse  j o i n t i n g ,  g iv in g  i t  a  b lo ck y  

appearance . The m ost w e ll-d e v e lo p e d  d i r e c t io n s  o f j o i n t i n g  a re  p a r a l l e l  

to  th e  m arg in s , and p e rp e n d ic u la r  to  th e  c o n ta c ts  i n  a s u b v e r t i c a l  

a t t i t u d e .  There i s  no e v id en ce  o f any movement hav in g  ta k e n  p la c e  a long  

th ese  f r a c t u r e s ,  and th e y  a re  p ro b ab ly  c o o lin g  j o i n t s ,  a lth o u g h  th e y  

may have been form ed d u r in g  th e  Fg m ovements, which a p p a re n t ly  had n o t

ceased b e fo re  th e  in t r u s io n  o f th e  d i o r i t e  to o k  p la c e .

The d i o r i t e  i s  a lm o st in v a r ia b ly  n o n -p o rp h y r i t ic  and i s  un ifo rm  

in g r a in - s iz e  th ro u g h o u t th e  body. Sometimes n e a r  th e  m arg in s , p a r t i 

c u la r ly  th e  s o u th e rn  m arg in , th e r e  a re  zones in  w hich th e  d i o r i t e  i s  

s l ig h t ly  p o r p h y r i t i c .  These zo n es , whose m arg ins a re  d i f f u s e ,  a re  

u su a lly  ab o u t a  m etre  or so i n  w id th , and t h e i r  t r e n d  i s  p a r a l l e l  to  th e

d io r i te  c o n ta c ts .  In  th e s e  zo n es , sm a ll f e ld s p a r  p h e n o c ry s ts  a re

uligned p a r a l l e l  t o  th e  b o rd e rs  o f th e  zones, g iv in g  th e  ro ck  a  d i f f u s e



P la te  4 0 . Northern contact o f Havnefjord d io r ite  against  
Husfjord metagabbro; the contact l i e s  along the l in e  o f  
snow a t the break o f  s lo p e , the d io r ite  (on the r ig h t)  
dipping s te ep ly  to  the l e f t  ( i . e .  northwards).
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f lu x io n  s t r u c t u r e .  These bands a re  n o t l a t e r  i n t r u s i o n s ,  and most 

p robab ly  r e p r e s e n t  p a r t s  o f th e  d i o r i t e  s h e e t in  w hich v o l a t i l e s  were 

tra p p ed  d u r in g  em placem ent.

The em placem ent o f th e  d i o r i t e  has cau sed  th e  developm ent o f a 

therm al a u re o le  in  th e  H u s f jo rd  m etagabbro , b u t h as n o t cau sed  d e fo rm a tio n  

in  th e  h o s t  ro c k s .

R a f ts  and X e n o li th s  

A common f e a tu r e  o f th e  H av n e fjo rd  d i o r i t e  i s  th e  o ccu rren c e  w ith in  

i t  o f numerous in c lu s io n s  o f f o r e ig n  m a te r ia l .  These in c lu s io n s  v a ry  

in  s iz e  from  o c c a s io n a l  x e n o l i th s  a few  c e n tim e tre s  lo n g  to  f re q u e n t  

la rg e  r a f t s  up to  s e v e ra l  te n s  o r h undreds o f m e tre s  in  le n g th .  The 

x e n o lith s  a re  o f  m e ta sed im en ta ry  m a te r ia l ,  b u t th e  r a f t s  c o n s is t  of 

v a rio u s  ro c k - ty p e s  w hich in c lu d e  m etag ab b ro , t r o c t o l i t e ,  psam m ites, 

s e m i-p e l i te s ,  b a s ic  s c h i s t s ,  and m e ta lim e s to n e s . The r a f t s  occu r th ro u g h 

out th e  d i o r i t e  body, b u t th e  d i f f e r e n t  ro c k - ty p e s  a re  r e s t r i c t e d  to  

d i f f e r e n t  zones, a p p a re n t ly  r e f l e c t i n g  a  fo rm er s t r a t i g r a p h y .  The 

smal], x e n o l i th s  m ain ly  occu r n e a r  th e  n o r th e rn  m arg in  o f th e  d i o r i t e ,  

and a re  n o t o b v io u s ly  r e l a t e d  to  th e  r a f t s .

Metagabb ro  and T r o c t o l i t e  R a f ts

The r a f t s  o f  m etagabbro  a re  n o t o f c o n s id e ra b le  d im en sio n s , u s u a lly  

being in  th e  o rd e r  o f a  few  m e tre s  o r t e n s  o f m e tre s  in  le n g th .  T h e ir  

shape in  o u tc ro p  i s  b ro a d ly  l e n t i c u l a r ,  w ith  th e  lo n g e s t  a x is  o r ie n te d  

p a ra l le l  t o  th e  m arg ins o f  th e  d i o r i t e .  T h is  b ro ad  rounded form  o f th e
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r a f t s  i s  p resum ably  due to  th e  m ass iv e , homogeneous, n o n - f o l ia te d  n a tu re  

of th e  m etagabbro . On th e  m ountain  to p s  th e y  o f te n  s ta n d  up a s  k n o l l s  

due to  t h e i r  r e s i s t a n c e  t o  w e a th e r in g .

These r a f t s  c o n s i s t  o f H u s fjo rd  m etagabbro , g e n e r a l ly  o f th e  

m edium -grained n o n - f o l ia te d  ty p e , a lth o u g h  som etim es th e y  ap p ear q u i te  

d i o r i t i c .  These l a t t e r  may in  f a c t  be h y b r id s  in  w hich th e  d i o r i t e  

has become c o n ta m in a ted  by e n c lo se d  m etagabbro . I n  t h i n  s e c t io n ,  th e s e  

h y b rid s  a re  seen  to  have a  m in era lo g y  and te x tu r e  s im i la r  to  t h a t  o f th e  

d i o r i t e ,  b u t ch em ical a n a ly s is  shows t h a t  th e y  a re  more a k in  t o  th e  

m etagabbro in  c h e m is try  (se e  T ab le  .

O c c a s io n a lly , th e  m etagabbro  r a f t s  c o n ta in  some o f th e  e a r ly  d i o r i t e  

bands and zones o f f e l d s p a t h i z a t i o n  t h a t  o ccu r in  th e  H u s f jo rd  m eta

gabbro. These a re  o n ly  fo u n d  n e a r  th e  s o u th - e a s te r n  m arg in  o f th e  

d io r i t e  body, and in  th e s e  c a s e s  th e  gabbro  i s  o f th e  f in e r - g r a in e d  f a c ie s .  

These r a f t s  have c l e a r l y  b een  th e rm a lly  m etam orphosed; th e  e a r ly  pyroxene- 

m ic a -d io r i te  bands a re  a rap h ib o liz ed , and th e  n e ig h b o u rin g  m etagabbro 

i s  o f te n  f e ld s p a th iz e d ,  p o s s ib ly  a s  a  r e s u l t  o f  d i f f u s io n  o f  c o n s t i tu e n ts  

from th e  e a r ly  d i o r i t e  i n to  th e  m etagabbro d u r in g  m etam orphism . From 

the o r ie n ta t io n  o f th e  e a r ly  d i o r i t e  bands and zones o f f  e ld s p a th i  z a t  io n , 

i t  i s  c le a r  t h a t  th e s e  m etagabbro  r a f t s  have n o t been  s ig n i f i c a n t l y  

ro ta te d  from  t h e i r  o r ig in a l  p o s i t io n s ;  th e  bands a re  g e n e r a l ly  s t i l l  

p a r a l le l  to  th e  t r e n d  o f th e  e a r ly  d i o r i t e s  o c c u r r in g  o u ts id e  th e  

H avnefjord d i o r i t e .

Many o f th e  m etagabbro  r a f t s  c o n ta in  a  c o n s id e ra b le  amount o f 

coarse a c id ic  p e g m a tite , w hich p e n e t r a te s  th e  m etagabbro  in  an  i r r e g u l a r
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fa sh io n . The p e g m a tite s  c l e a r l y  do n o t fo llo w  any jo in t i n g  in  th e  

gabbro. M arg ins o f th e  p e g m a tite s  a re  g e n e r a l ly  d i f f u s e  and th e  n e ig h 

bouring m etagabbro  o f te n  c o n ta in s  f e ld s p a r  p o r p h y ro b la s ts . The abundance 

of p eg m atite  in  th e  r a f t s  s u p p o r ts  th e  su g g e s tio n  t h a t  th e  fo rm a tio n  

of th e  p e g m a tite  m ight be a s s o c ia te d  w ith  a p n e u m a to li t ic  o r h y d ro th e rm al 

stage o f th e  em placem ent o f th e  d i o r i t e .  A lthough  p eg m a tite  o c c a s io n a l ly  

occurs in  th e  H av n efjo rd  d i o r i t e ,  no c a se s  were found  in  which th e  

pegm atite c ro s s e s  from  th e  d i o r i t e  i n to  m etagabbro  r a f t s .

The d i s t r i b u t i o n  of th e  m etagabbro  r a f t s  i s  an  im p o rta n t f a c to r  

in  th e  r e c o n s t r u c t io n  o f th e  p r e - d i o r i t e  m orphology o f th e  gabbro , and 

in  th e  c o n s id e ra t io n  o f th e  p ro b ab le  mechanism o f em placem ent o f th e  

d io r i t e .  The m etagabbro  r a f t s  a re  e s p e c i a l l y  abundan t a t  th e  m arg ins 

of th e  d i o r i t e  s h e e t ,  b u t th e y  a re  n o t r e s t r i c t e d  t o  th e  m arg in a l zones; 

they occur s p o r a d ic a l ly  tliro u g h o u t th e  d i o r i t e .  In  th e  c e n t r a l  p a r t  o f 

d io r i te ,  m etagabbro o ccu rs  a s  d is p e r s e  t r a i n s  o f r a f t s  ly in g  betw een and 

p a ra l le l  t o  t r a i n s  o f  rae tased im en ta ry  r a f t s .  T h is  su g g e s ts  t h a t  p r io r  

to  the  emplacement o f th e  d i o r i t e ,  t h i s  r e g io n  was o ccu p ied  by a l t e r n a t in g  

bands of m etagabbro and m etased im en t. The b e a r in g  t h a t  t h i s  has on th e  

emplacement m echanisms o f th e  m ajo r ig n eo u s  b o d ie s  i s  d is c u s s e d  in  d e t a i l  

on p.. 118 ,

I t  w i l l  be r e c a l l e d  t h a t  th e  H u s f jo rd  m etagabbro  c o n ta in e d  o cc a s io n a l 

bands and le n s e s  o f t r o c t o l i t e .  Two o f th e s e  t r o c t e l i t e  le n s e s  have 

been p re se rv ed  a s  in c lu s io n s  w i th in  th e  H a v n e fjo rd  d i o r i t e .  They form 

g reen ish -g rey , c o a r s e -g ra in e d ,  k n o b b ly -w e a th e rin g  r a f t s  which a re  somewhat

shaped in  o u tc ro p , and th e y  a re  com parable in  s iz e  w ith  th e  l a r g e r



89

t r o c t o l i t e  le n s e s  in  th e  m etagabbro , b e in g  a few m e tre s  in  le n g th .

T heir g re e n ish  c o lo u r  i s  due to  th e  abundance of p a le  g ree n  am phibole 

which has form ed d u r in g  th e rm a l metamorphism by th e  d i o r i t e .  There i s  

no s ig n  o f any la y e r in g  t h a t  m ight once have been  p r e s e n t  in  th e  t r o c to 

l i t e  s ,  and th e y  o n ly  o u tc ro p  n e a r  to  th e  so u th e rn  d i o r i t e  c o n ta c t .

Psam m itic. S e m i-o e l i t ic >  and B asic  K e ta se d im en ta ry  R a f ts

Much o f th e  c e n t r a l  p a r t  o f th e  H av n e fjo rd  d i o r i t e ,  e s p e c ia l ly  

to  th e  n o r th  o f H u s f jo rd , i s  occup ied  by p la n a r ,  s h e e t - l i k e  r a f t s  o f 

ru s ty -w e a th e r  in g  se m i-p e l i t  i c  s c h i s t s  and psam m ites. Some o f th e  r a f t s  

are o f b a s ic  s c h i s t  m a te r ia l .  The s m a lle r  o f th e s e  r a f t s  a re  a few m etre s  

long and a few te n s  o f  c e n tim e tre s  w id e , b u t th e y  ran g e  in  s iz e  up to  

the l a r g e s t  w hich i s  ab o u t 1 km. i n  l e n g th  and ab o u t two hundred  m etre s  

in w id th . They a re  e lo n g a te d  p a r a l l e l  t o  th e  m arg ins o f th e  H av n efjo rd  

d io r i t e ,  and som etim es th e  r a f t s  occur a s  t r a i n s  w hich t r e n d  in  t h i s  

d ire c t io n . The a t t i t u d e  o f th e  banding  in  th e  r a f t s  i s  p a r a l l e l  t o  th e  

r a f t  m arg ins, w hich in  tu r n  a re  u s u a l ly  s u b v e r t i c a l  o r d ip p in g  s te e p ly  

to  the  n o r th . The band ing  is  g e n e r a l ly  f a i r l y  p la n a r  w ith o u t much f o ld in g ,  

but sometimes i r r e g u l a r  m inor f o ld s  a re  t o  be seen . O c c a s io n a lly  

minor fo ld s  a re  r e fo ld e d  by F2 f o ld s  ( P la te  41, in  w hich th e  psammite 

is  a b ou lder d is lo d g e d  from  a  psammite r a f t ) .  Thus th e  d i o r i t e  emplace

ment must p o s t-d a te  a t  l e a s t  th e  b e g in n in g  o f th e  F2 movements.

The m argins o f th e  r a f t s ,  where seen  a re  f a i r l y  sh a rp , and th e r e  

appears to  be no s ig n i f i c a n t  a s s im i la t io n  by th e  d i o r i t e .  The d i o r i t e  

a t the c o n ta c t  i s  som etim es à l i t t l e  f in e r - g r a in e d  th a n  th e  u s u a l ,  and



P late  4 l .  I s o c l in a l  fo ld s  refo ld ed  by F£ fo ld s .  
From psammitic in c lu s io n  in  d io r it e .  H avnefjord fjeld .
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probab ly  in d ic a te s  s] ig h t  c h i] .l in g  o f a  d i o r i t e  magma a g a in s t  th e  m eta- 

sed im en tary  r a f t s .

V i r tu a l ly  a l l  th e  eicposures o f th e  r a f t s  a re  such t h a t  o n ly  sub

h o r iz o n ta l  s e c t io n s  o f th e  r a f t s  a re  o b ta in e d , and where th e r e  a re  

v e r t i c a l  s e c t io n s ,  th e y  a re  in a c c e s s ib le .  Thus i t  i s  n o t p o s s ib le  to  

be su re  o f th e  v e r t i c a l  e x te n t  o f th e  r a f t s ,  o r to  say w hether th e  

r a f t s  co n n ec t downwards (o r  upw ards) t o  form co n tin u o u s  s c re e n s  in  th e  

d i o r i t e ,  o r w hether th e y  a re  co m p le te ly  free-sw im m ing . T h u s - if  th e  

l a t t e r  i s  th e  c a s e ,  i t  i s  n o t known in  w hich a t t i t u d e  th e  lo n g e s t  a x is  

of th e  r a f t s  l i e ,  and so th e  e x a c t d i r e c t io n  o f em placem ent o f th e  

d io r i t e  i s  u n c e r ta in .

From th e  s p a t i a l  a rran g em en t o f r a f t s  h av in g  s im i la r  co m p o sitio n  

i t  would ap p ear t h a t  th e y  p ro b a b ly  have n o t been moved f a r ,  i f  a t  a l l ,  

from t h e i r  o r ig in a l  p r e - d i o r i t e  p o s i t i o n s ,  s in c e  a  r e l i c t  s t r a t ig r a p h y  

can be t r a c e d  th ro u g h  th e  body. The la r g e  d im ensions o f many o f th e  

r a f t s  a ls o  su g g e s t t h a t  th e y  have p ro b a b ly  n o t changed t h e i r  p o s i t io n s  

very much. These psam m itic and s e m i- p o l i t i c  r a f t s  a re  v e ry  abundant 

in  th e  c e n t r a l  zone o f th e  d i o r i t e ,  and h e re ,  o c c a s io n a l m etagabbro 

r a f t s  occur betw een and p a r a l l e l  t o  th e  m e tased im en ta ry  r a f t  t r a i n s .  

Towards th e  s o u th , th e  m e tased im en ta ry  r a f t s  d e c re a se  in  s iz e  and number, 

and the  number o f m etagabbro r a f t s  in c r e a s e s ,  u n t i l  a t  th e  so u th e rn  

c o n tac t, on ly  m etagabbro r a f t s  o c cu r .

In  one o f th e  l a r g e  r a f t s  on th e  w est s id e  o f H a v n e fjo rd , th e  

h o rn fe lsed  m etased im en ts  have become m o b iliz e d  by th e  d i o r i t e .  The 

d io r i te  has s tr e a k e d  in to  th e  m etased im en ts  and b roken  them up in to
T
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an g u lar f rag m e n ts  and b lo c k s  ( P la te  / ^ ) , The fra g m en ts  have c l e a r ly  

been r o ta te d  and mixed up by th e  d i o r i t e  magma. However, each  b lock  

has sh a rp  m arg ins and th e r e  i s  no s i g n i f i c a n t  a s s im i la t io n  o f th e  

m etasedûnents by th e  d i o r i t e ,  a lth o u g h  th e  b lo c k s  a lm o st in v a r ia b ly  have 

a r e a c t io n  rim  around  t h e i r  m arg in s . The in n e r  p a r t  o f t h i s  rim  i s  o f 

p la g io c la s e  and th e  o u te r  p a r t ,  w hich i s  n o t alw ays p r e s e n t ,  i s  of 

h y p ers th en e .

The d i o r i t e  in  th e  neighbourhood  o f th e s e  m o b iliz e d  h o rn fe ls e s  has 

been n e t-v e in e d  by q u a r tz - p la g io c la s e  m a te r ia l  ( P la te  / j ) . The v e in s  

vary  somewhat in  th ic k n e s s ,  b u t a re  u s u a l ly  a few c e n tim e tre s  th ic k ,  

and th e y  p e n e tr a te  th e  d i o r i t e  in  an i r r e g u l a r  p a t t e r n ,  o f te n  w ith  

angu lar b ra n c h in g s . Some o f th e  h o r n f e ls  b lo c k s  a re  a l s o  v e in e d .

P é tro g ra p h ie  ev id en ce  (p . 194 ) s u g g e s ts  t h a t  th e  f e l s i c  components 

of th e  h o r n fe ls e s  had become s l i g h t l y  m obile  d u r in g  h o r n f e ls in g ,  and 

i t  i s  p o s s ib le  t h a t  t h i s  m o b iliz e d  f r a c t i o n  p ro v id e d  th e  m a te r ia l  f o r  

the v e in s  in  th e  n e ig h b o u rin g  ro c k . Von P la te n  (1965) m a in ta in s  t h a t  

a n a te x is  o f th e  s a l i c  com ponents o f m etased im en ts  can  be caused  by h e a t 

a lone , w ith o u t th e  a d d i t io n  o f any e x te r n a l  f l u i d s  (se e  d is c u s s io n  

on m ig m a tiza tio n , p . 291 ) .  Thus i t  i s  f e a s i b l e  f o r  th e  n e t-v e in in g  to  

have r e s u l te d  from  th e  i n j e c t i o n  o f m o b iliz e d  m a te r ia l  from  th e  h o rn f is e s .

M etalimestone R a f ts

The n o r th e rn  l i m i t  o f  th e  ru s ty -w e a th e r  in g  s e m i- p e l i t i c  r a f t s  i s  

f a i r ly  c l e a r l y  d e f in e d , and t o  th e  n o r th  o f t h i s  th e  H av n efjo rd  d i o r i t e  

contains o c c a s io n a l r a f t s  o f  m e ta lim es to n e . Most o f  th e s e  r a f t s  a re



P late  42 . M obilized h o rn fe lses  in  a r a f t  in  d io r it e .  
Havnefjord.

P late  4 3 . N et-vein in g  in  d io r ite  and m obilized  
h o rn fe ls . Havnefjord.



92

la rg e ,  o f te n  b e in g  many t e n s  o f m e tre s  in  le n g th  ( P la te  /.A). They a re  

e lo n g a ted  p a r a l l e l  to  th e  t r e n d  o f th e  psam m itic and s e m i - p e l i t i c  r a f t s  

and to  th e  d i o r i t e  m arg in .

At l e a s t  some o f th e se  r a f t s  ap p ear to  be d e ta c h e d  from any c o u n try  

ro ck s. D io r i te  o ccu rs  above th e  r a f t  shown in  P la te  A4-, and two r a f t s  

ou tcropp ing  in  th e  c l i l ’f s  to  th e  w est o f H u s fjo rd  a re  seen  to  p e te r  ou t 

downwards. In  th e s e  r a f t s  w hich seem to  be f r e e l y  suspended in  th e  

d io r i t e ,  th e  b and ing  in  th e  m e ta lim esto n e  i s  v e r t i c a l  (se e  P la te  /U\.) •

In some o f th e  m e ta lim esto n e  r a f t s  n e a r  th e  n o r th e rn  c o n ta c t  o f th e  

d io r i t e  a t  H a v n e fjo rd b o tn , th e  b an d in g , w hich i s  m arked by t h i n  c a lc -  

s i l i c a t e  b an d s , d ip s  tow ards th e  n o r th ,  b u t in  th e s e  c a se s  i t  i s  n o t 

p o ss ib le  t o  a s c e r t a i n  w hether th e  r a f t s  a re  d e ta c h e d .

In  th e  m e ta lim esto n e  r a f t s  a t  H a v n e f jo rd b o tn , m inor f o ld in g  has 

been p re se rv e d , p a r t i c u l a r l y  in  th e  t h i n  c a l c - s i l i c a t e  b an d s . In  p la c e s  

the com petent c a l c - s i l i c a t e  bands a re  h ig h ly  c o n to r te d  by f o ld s  which 

have d is c o rd a n t a x i a l  t r e n d s  ( P la te  A5). Some o f th e s e  f o ld s  a re  t i g h t l y  

i s o c l in a l ,  and a re  p ro b a b ly  f o ld s .  The lim e s to n e  i t s e l f ,  due to  i t s  

low com petence, h as s u f f e r e d  p l a s t i c  d e fo rm a tio n  and h as  r e a d i ly  

r e c r y s ta l l i z e d .  Thus th e  form s o f  th e  f o ld s  can o n ly  be d isc e rn e d  where 

the lim esto n e  c o n ta in s  t h i n  d a rk  p o l i t i c  b an d s , w hich have p re se rv e d  th e  

fo ld  shapes ( P la te s  46 and 4 7 ).

In  p la c e s ,  i t  can  be seen  t h a t  th e  l im e s to n e  became q u i te  m obile 

during d e fo rm a tio n . I t  h a s  in t ru d e d  in to  c ra c k s  in  th e  c a l c - s i l i c a t e  

bands, and h as  som etim es b ro k en  th ro u g h  them , brealoing th e  more com petent 

bands up in to  f ra g m e n ts , around  which th e  l im e s to n e  h as  flow ed . There



i

P la te  44 . Metalimestone 
r a ft  in  d io r it e .  W. 
H avnefjordfjeld .

P la te  4 3 . Folded c a lc - s i l i c a t e  bands in  meta
lim estone r a f t .  Havnefjordbotn.



P late  46 . Thin p e l i t i c  band in  m etalim estone r a f t .  
Havnef j ordbotn.

P late  4 7 . Supratenuous fo ld in g  o f  c a lc - s i l i c a t e  bands 
and p e l i t i c  bands in  m etalimestone r a f t .  Havnefjordbotn<
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are  many in s ta n c e s  o f f o ld  c lo s u re s  in  th e  c a l c - s i l i c a t e  bands which 

have become co m p le te ly  i s o l a t e d  from t h e i r  lim b s  ( P la te  .

A lthough  th e  m e ta lim esto n e  r a f t s  o ccu r r a t h e r  s p o ra d ic a l ly  in  

the H av n efjo rd  d i o r i t e ,  in  g e n e ra l  th e y  a re  c o n fin e d  to  a zone n e a r  th e  

n o r th e rn  m arg in  o f th e  d i o r i t e .  T h is  a rran g em en t su g g e s ts  t h a t  a b ro ad  

band o f m e ta lim esto n e  may have e x is te d  in  th e  zone now occup ied  by th e  

m etalim estone r a f t s ,  p r io r  t o  th e  d i o r i t e * s  em placem ent. M eta lim esto n e  

r a f t s  occur b o th  on h ig h  ground and in  th e  f lo o r  o f a  deep v a l l e y  ru n n in g  

along t h i s  zone, in d ic a t in g  t h a t  th e  o cc u rre n c e  o f th e s e  r a f t s  i s  a 

p lan a r f e a tu r e  and n o t a  l i n e a r  one.

M etasedim entary  X e n o lith s

The sm all x e n o l i th s  have o n ly  o c c a s io n a l ly  been  se en , and ap p ear 

to  occur m ain ly  in  th e  n o r th e rn  p a r t  o f th e  d i o r i t e  body. They do n o t 

have any p r e f e r r e d  o r i e n ta t i o n ,  b u t  have v a r io u s  a t t i t u d e s  in  th e  h o s t  

rock. They a re  o n ly  a  few c e n t im e tre s  in  l e n g th ,  and c o n s is t  m ain ly  o f 

psammitic and s e m i - p e l i t i c  m e ta se d im en ts , which have been  h o rn fe ls e d  by 

the su rro u n d in g  d i o r i t e .  A lm ost in v a r ia b ly  th e y  a r e  b e in g  a s s im i la te d  

by th e  d i o r i t e ,  and t h e i r  m arg ins a re  g e n e r a l ly  d i f f u s e  ( P la te  49) .  

Sometimes o n ly  d ark  s c h l ie r e n  rem ain  to  mark th e  s i t e  o f an a s s im ila te d  

xenolith. In  P la te  49 th e  psam m itic band o f th e  x e n o l i th  has been 

fo lded  in to  a  t i g h t  i s o c l i n a l  P i  f o ld  whose a x i a l  p la n e  i s  g e n tly  

fo lded , presum ably  by P2 *

i t  i s  in c o n c e iv a b le  t h a t  such  sm a ll ,  h ig h ly  d ig e s te d  x e n o l i th s  

could be n e a r  t h e i r  o r ig in a l  p r e - d i o r i t e  p o s i t i o n s .  They a re  u n l ik e ly



P la te  4 8 . C a l c - s i l i c a t e  bands d is r u p te d  
by m o b iliz e d  l im e s to n e .  H a v n e fjo rd b o tn .



%

P la te  4 9 . Metasedimentary x e n o lith s  becoming assim i
la te d  by d io r it e .  Note i s o c l in a l  fo ld -c lo su r e .  
Havnef3ordbotn.
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to  r e p re s e n t  ro ck  d e r iv e d  l o c a l l y  from  th e  w a lls  o f th e  body, and have 

probab ly  been  b ro u g h t up by th e  d i o r i t e  from  d e p th . The d eg ree  to  which 

they  a re  a s s im i la te d  b e a rs  w itn e s s  to  t h i s .

LATE DIQRITES 

In tro d u c tio n

The H av n e fjo rd  d i o r i t e ,  and in  some p la c e s  th e  H u s f jo rd  m etagabbro , 

have been in tru d e d  by a number o f l a t e r  c o a r s e -g ra in e d  d i o r i t e  s h e e ts .  

These a re  g e n e r a l ly  s e v e ra l  m e tre s  o r te n s  o f m e tre s  in  w id th , and may 

be up t o  a few hundred  m e tre s  in  le n g th .  They a re  s u b v e r t i c a l ,  and 

th e i r  t r e n d  i s  p a r a l l e l  t o  th e  m arg ins o f th e  H av n efjo rd  d i o r i t e  and to  

the tr e n d  o f th e  m e ta sed im en ta ry  r a f t s  in  th e  d i o r i t e .  T h is  d i r e c t io n  

is  a ls o  p a r a l l e l  t o  t h a t  o f  th e  m ost p ro m in en t j o in t i n g  in  th e  H av n efjo rd  

d io r i t e .  I t  i s  s i g n i f i c a n t  t h a t  th e y  a re  commonly c lo s e ly  a s s o c ia te d  

in  th e  f i e l d  w ith  th e  m e tase d im en ta ry  r a f t s .

These l a t e  d i o r i t es  a re  o f th r e e  k in d s ;  a  p y ro x e n e -m ic a -d io r i te , 

a g a rn e t- r ic h  q u a r t z - d i o r i t e ,  and a  g a rn e t-p o o r  q u a r t  z - d i o r i t e .  T h is  

l a t t e r  i s  n o t eraplaced in to  th e  H av n efjo rd  d i o r i t e ,  so th e r e  i s  no 

d ire c t f i e l d  ev id en ce  t h a t  i t  i s  l a t e r  th a n  th e  H a v n e fjo rd  d i o r i t e .  

However, because  o f  i t s  c lo s e  s im i l a r i t y  t o  th e  o th e r  l a t e  d i o r i t e s ,  

i t  i s  co n s id e re d  in  t h i s  s e c t io n .
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P y ro x e n e -m ic a -d io r i te s

In  g e n e ra l  f i e l d  ap p earan ce  and in  m in e ra lo g y , th e s e  resem b le  a 

c o a rse -g ra in e d  v e r s io n  o f th e  H av n e fjo rd  d i o r i t e ,  a lth o u g h  in  t h i n  

s e c tio n  th e y  a re  seen  to  c o n ta in  a g r e a te r  p ro p o r t io n  of p o ta sh  f e ld s p a r  

than  th e  l a t t e r .  They w ea th e r to  a  y e llo w is h  c o lo u r ,  and because  o f t h e i r  

r e s i s ta n c e  g e n e r a l ly  s ta n d  o u t a s  rocky  c r a g s ,  and on th e  m ountain  to p s  

form to r - 1  ilce k n o lls*  The f e ld s p a r  p h e n o c ry s ts  a r e  o f te n  a s  l a r g e  a s  

2 cm. in  l e n g th  and a re  u s u a l ly  su b h e d ra l in  fo rm . Alm ost in v a r ia b ly  

they a re  ra n d o m ly -o r ie n ta te d , b u t o c c a s io n a l ly  th e r e  i s  a  p r e f e r r e d  

o r ie n ta t io n  p a r a l l e l  t o  th e  m arg in s  o f th e  d i o r i t e .  Very o c c a s io n a l ly  

potash  f e ld s p a r  p h e n o c ry s ts  a r e  o v o id , and have a rim  of so d ic  p la g io 

c lase  around t h e i r  m arg in s .

These d i o r i t e s  form  p a r a l l e l - s i d e ^ ,  s h e e t - l i k e  b o d ie s  em placed 

in to  th e  H av n e fjo rd  d i o r i t e ,  and a  few  have a l s o  been  em placed in to  th e  

H usfjord  m etagabbro  n e a r  i t s  c o n ta c t  w ith  th e  H av n e fjo rd  d i o r i t e .  They 

vary in  w id th  from  a  few  m e tre s  t o  many te n s  o f m e tre s ,  and th e  lo n g e s t  

one has been t r a c e d  f o r  ab o u t 1-^ Ian. • However, i t  i s  l i k e l y  t h a t  many 

of the  sm a lle r  ones l i n k  up w ith  l o n g i tu d in a l ly - a d ja c e n t  ones b en ea th  

the p re se n t e ro s io n  s u r f a c e .

T h e ir t r e n d  i s  p a r a l l e l  t o  th e  m arg in s  o f  th e  H av n e fjo rd  d i o r i t e ,  

and on th e  r e g io n a l  s c a le  th e y  a re  deform ed in to  a  la r g e  a rc  by th e  

la te  w arp -fo ld . On th e  w hole, in d iv id u a l  s h e e ts  m a in ta in  a f a i r l y  

constant th ic la ie s s  when t r a c e d  h o r iz o n ta l l y  o r v e r t i c a l l y ,  a lth o u g h  

some of th e  l a r g e r  ones a re  seen  t o  v a ry  s l i g h t l y  in  an  i r r e g u l a r  way.

The sheets  d ip  s te e p ly  tow ards th e  n o r th  ( P la te  5 0 ) , and t h i s  a t t i t u d e



P la te  3 0 . Late d io r ite  ( l e f t )  contact with  
Havnefjord d io r ite ;  contact dips s te ep ly  to  
the north . H avnefjord fjeld .
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i s  p a r a l l e l  t o  th e  m ost p rom inen t d i r e c t io n  o f j o i n t i n g  in  th e  H av n efjo rd  

d i o r i t e .  I t  i s  l i k e l y  t h a t  th e  j o i n t i n g  in  th e  f in e  d i o r i t e  was an  

im p o rtan t f a c t o r  in  th e  em placem ent o f th e  l a t e r  s h e e ts .

The l a t e  d i o r i t e s  th e m se lv e s  o f te n  show a p rom inen t j o i n t i n g ,  

the j o i n t s  b e in g  s u b v e r t i c a l  in  a  d i r e c t i o n  p e rp e n d ic u la r  to  th e  w a lls  

of th e  s h e e ts .  These j o i n t s  a re  p ro b a b ly  p rim ary  c o o lin g  j o i n t s ,  a lth o u g h  

they  m ight be c ro s s  j o i n t s  a s s o c ia te d  w ith  th e  d e fo rm a tio n  which caused  

the l a r g e  w a rp -fo ld .

The m arg ins o f th e  l a t e  d i o r i t e s  a g a in s t  t h e i r  h o s t  a re  alw ays 

sharp , b u t th e r e  i s  no c h i l l i n g  o f th e  c o a rse  d i o r i t e  ( P la te  51 and 5 2 ). 

Thin s e c t io n  s tu d y  shows t h a t  th e  H av n efjo rd  d i o r i t e  i s  h o rn fe ls e d  by 

the co a rse  d i o r i t e  a t  th e  c o n ta c t .  Where th e  c o a rse  d i o r i t e  makes 

co n tac t w ith  th e  H av n efjo rd  d i o r i t e ,  i t  o f te n  c o n ta in s  h o rn fe ls e d  b lo ck s  

of th e  f in e  d i o r i t e  a t  i t s  m arg in  (P la te  5 3 ) . These b lo c k s  a re  g e n e ra l ly  

somewhat r e c ta n g u la r ,  o r ie n ta te d  p a r a l l e l  t o  th e  d i o r i t e  m a rg in s , and 

th e i r  shape i s  p ro b ab ly  governed  by th e  j o i n t i n g  in  th e  f in e  d i o r i t e .

Their m arg ins a re  sh a rp  and th e y  a re  n o t becom ing a s s im i la te d  by th e  

coarse d i o r i t e .  They have p ro b a b ly  been  d e r iv e d  l o c a l l y  from  th e  

neighbouring H av n e fjo rd  d i o r i t e .

The co a rse  d i o r i t e s  a re  o f te n  c lo s e ly  a s s o c ia te d  in  th e  f i e l d  w ith  

the m etased im entary  r a f t s  in  th e  H av n e fjo rd  d i o r i t e .  Where t h i s  a sso 

c ia tio n  o c c u rs , i t  is  alw ays w ith  th e  ru s ty -w e a th e r  in g  psam m itic and 

s e m i-p e lit ic  h o r n f e l s e s ,  and in  many c a s e s  th e  d i o r i t e s  have been 

emplaced a lo n g s id e  th e  m e tased im en ta ry  r a f t s ,  p a r t i c u l a r l y  th e  l a r g e r  

^ e f ts . In  th e s e  c a s e s ,  th e  l a t e  d i o r i t e s  a re  n o t c h i l l e d  a g a in s t  th e



P la te  31# Contact between la t e  d io r ite  ( l e f t )  and 
Havnefjord d io r it e .  H avnefjordfjeld .

P late  32 . Late d io r ite  contact with Havnefjord 
d io r ite .  H avnefjordfjeld .



P la te  33# Blocks o f f in e  Havnefjord d io r ite  
in  coarse la t e  d io r it e .  H avnefjord fjeld .
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raetasedim ent, and th e y  f r e q u e n t ly  c o n ta in  b lo ck s  o f m etased iinen t a t  t h e i r  

c o n ta c t w ith  th e  r a f t .  T here a re  numerous exam ples o f c o a rse  d i o r i t e  

sh ee ts  c o n ta in in g  b lo ck s  o f H a v n e fjo rd  d i o r i t e  a t  one m arg in  where 

i t  makes c o n ta c t  w ith  t h a t  d i o r i t e ,  and u n d ig e s te d  b lo c k s  o f m e ta se d i

ment a t  th e  o th e r  m arg in  where c o n ta c t  w ith  th e  r a f t  i s  made.

In  o th e r  c a s e s ,  th e  l a t e  c o a rse  d i o r i t e  s h e e ts  have co m p le te ly  

enveloped th e  r a f t s ,  and la r g e  e n c la v e s  o f th e  ru s ty -w e a th e r in g  horn

f e ls e s  occur w ith in  th e  c o a rse  d i o r i t e  ( P la te  5 4 ). These e n c la v e s  have 

sharp m arg in s , and t h i s  to g e th e r  w ith  th e  f a c t  t h a t  th e y  a re  o f s im i la r  

l i t h o lo g ie s to  th e  m e tased im en ta ry  r a f t s  in  th e  H av n efjo rd  d i o r i t e ,  

suggests  t h a t  th e y  have p ro b a b ly  been  d e r iv e d  from n earb y  r a f t s .

In  one c a s e ,  one of th e  c o a rse  l a t e  d i o r i t e s  p e n e t r a t in g  th e  

H usfjord  m etagabbro , w ith in  th e  a u re o le  o f th e  H av n efjo rd  d i o r i t e ,  

co n ta in s a lo n g  en c la v e  o f  th e  m etagabbro ( P la te  55)• A tta ch ed  to  th e  

sides of t h i s  m etagabbro en c la v e  th e r e  a re  frag m en ts  o f an  e a r ly  d i o r i t e  

band. A lthough t h i s  e a r ly  d i o r i t e  i s  a l s o  f a i r l y  c o a r s e -g ra in e d ,  i t  

can be d is t in g u is h e d  from  th e  e n c lo s in g  c o a rse  d i o r i t e ;  i t  i s  amphibo- 

l i t i c ,  and i t s  f e ld s p a r s  have a p r e f e r r e d  o r i e n ta t i o n  w hereas th o se  

in  the  su rro u n d in g  d i o r i t e  a re  random ly o r ie n te d .  There i s  a l s o  an 

example o f a  l a t e  d i o r i t e  w i th in  th e  a u re o le  o f H av n efjo rd  d i o r i t e  ’ 

c u ttin g  a c ro ss  one o f th e  e a r ly  d i o r i t e  s h e e t s .  These exam ples p ro v id e  

fu rth e r  ev idence f o r  th e  e a r ly  age o f th e  d i o r i t e  bands in  th e  H u sfjo rd  

metagabbro.

Hot a l l  th e  l a t e  d i o r i t e s  show a  c lo s e  r e l a t i o n s h i p  t o  th e  m eta- 

sediment a ry  r a f t s .  Many do n o t  make c o n ta c t  w ith  any r a f t s  a t  th e



P la te  3 4 . H o rn fe ls  en
c la v e  in  l a t e  d i o r i t e .  
H a v n e f jo rd f je ld .

P la te  3 3 . B lock o f  H u s f jo rd  
metagabbro i n  l a t e  d i o r i t e .  
Above H u s fjo rd b o tn .
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su rfa c e , b u t i t  i s  p o s s ib le  t h a t  th e y  m ight do so a t  low er l e v e l s .

A common f e a tu r e  o f a l l  th e s e  c o a rse  p y ro x e n e -m ic a -d io r i te s ,  

w hether th e y  a re  a s s o c ia te d  w ith  th e  l a r g e  m etased im en ta ry  r a f t s  o r 

n o t, i s  th e  o cc u rre n c e  in  them o f sm all x e n o l i th s .  These x e n o l i th s  a re

p re se n t th ro u g h o u t th e  d i o r i t e  s h e e t s ,  and a re  n o t c o n fin e d  to  th e
(

m argins. They ran g e  in  s iz e  from  a few  te n s  o f c e n tim e tre s  dovm to  

a c e n tim e tre  o r l e s s  i n  le n g th  ( P la te  56 and 5 7 ). A lm ost in v a r ia b ly  

they  a re  o f m e tased im en ta ry  m a te r ia l ,  b u t o c c a s io n a l ly  th e r e  a re  

x e n o li th s  o f d a rk , f in e - g r a in e d ,  b a s ic  m a te r ia l  re se m b lin g  H u sfjo rd  

m etagabbro. The o r i e n ta t i o n  o f  th e  x e n o l i th s  i s  o n ly  ap p ro x im a te ly  

p a r a l l e l  to  th e  m arg in s  o f th e  d i o r i t e  s h e e ts ;  a lth o u g h  th e r e  i s  a 

g en era l ten d en cy  f o r  them t o  have a  p r e f e r r e d  o r i e n ta t i o n ,  th e r e  i s  a 

s l ig h t  s c a t t e r  in  t h e i r  a t t i t u d e s .  I t  i s  c l e a r  t h a t  th e s e  x e n o l i th s  

have been r o ta te d  and mixed up.

The b a s ic  in c lu s io n s  and th e  psam m itic v a r i e t i e s  o f th e  m e ta se d i

mentary x e n o l i th s  u s u a l ly  have f a i r l y  w e l l - d e f in e d  m arg in s , b u t th e  

p e l i t i c  and s e m i - p e l i t i c  in c lu s io n s  u s u a l ly  have d i f f u s e  m a rg in s , and 

are c le a r ly  b e in g  a s s im i la te d  by th e  d i o r i t e .  O fte n , vague s c h l ie r e n  

or d if fu s e  d ark  s p o ts  mark th e  s i t e s  o f co m p le te ly  d ig e s te d  x e n o l i th s .  

O ccasio n a lly , s e m i - p e l i t i c  bands in  th e  l a r g e r  x e n o l i th s  can  be t r a c e d  

l a t e r a l ly  from  norm al m e tased im en t, th ro u g h  s ta g e s  o f p ro g re s s iv e  

a s s im ila tio n  and d i o r i t i z a t i o n ,  u n t i l  i t  becomes in d is t in g u is h a b le  from 

the d i o r i t e .  These x e n o l i th s  m ust have been  immersed in  th e  d i o r i t e  

inagma fo r  a  c o n s id e ra b le  t im e , and were p ro b a b ly  b ro u g h t up w ith  th e  

^agma from d eep er l e v e l s  o f h ig h  th e rm a l and chem ical a c t i v i t y .



1

P la te  3 6 . X e n o lith s  in  
l a t e  d i o r i t e .  Havne- 
f j o r d f j e l d .

P la te  37* X en oliths in  la t e  d io r it e .  H a v n e f jord fje ld .
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Q uart z - d i o r i t e  s

These a re  c o a r s e -g ra in e d ,  q u a r tz -b e a r in g  b i o t i t e - d i o r i t e s  in  

which su b h e d ra l p o ta sh  f e ld s p a r  p h e n o c ry s ts  ran g e  up to  ab o u t 2 cm. 

in  le n g th .  U su a lly  th e  p h e n o c ry s ts  a re  random ly o r ie n ta te d ,  b u t 

o c c a s io n a lly  th e r e  i s  a  c ru d e ly -d e v e lo p e d  p r e f e r r e d  o r i e n ta t i o n  p a r a l l e l  

to  th e  m arg ins o f th e  body. The f e ld s p a r s  w ea th er to  a f a i r l y  c le a n  

w hite c o lo u r  so t h a t  th e  ro c k  h as  a d i s t i n c t i v e  w h ite  s p o tte d  appearance  

in  th e  f i e l d .

The q u a r t z - d i o r i t e s  a re  o f two k in d s ;  one i s  f a i r l y  abundan t in  

small r e d d is h  g a r n e ts ,  w hereas th e  o th e r  on ly  c o n ta in s  o c c a s io n a l 

g a rn e ts . The fo rm er w i l l  be d is t in g u is h e d  as  g a r n e t - r i c h  q u a r tz -  

d io r i t e s ,  and th e  l a t t e r  a s  g a rn e t-p o o r  q u a r t z - d i o r i t e s .

G a rn e t-r ic h  Q uart z - d i o r i t e  s

These d i o r i t e s  form  s u b - v e r t i c a l  s h e e ts  w hich have b een  em placed 

in to  th e  H av n efjo rd  d i o r i t e .  They a re  n o t  v e ry  common, and in  g e n e ra l 

are no t as  la r g e  a s  m ost o f  th e  c o a rse  p y ro x e n e -m ic a -d io r i te  s h e e ts ,  

the l a r g e s t  b e in g  ab o u t 400 m. lo n g  and ab o u t 50 m. w ide . T h e ir  t r e n d s

are u s u a lly  p a r a l l e l  t o  th o se  o f th e  c o a rs e  p y ro x e n e -m ic a -d io r ite

sh ee ts , b u t in  one c a se  th e  t r e n d  i s  d is c o rd a n t  w ith  t h i s  d i r e c t io n .

I t  may be s ig n i f i c a n t  t h a t  th e y  o n ly  o ccu r in  a  zone where th e

nietalim estone r a f t s  a re  more num erous, t o  th e  n o r th  o f th e  m ain pyroxene-

m ic a -d io r ite  b e l t .  They a r e  in v a r ia b ly  a s s o c ia te d  in  th e  f i e l d  w ith
7.

m etasedim entary r a f t s  ( P la te  5 8 ) , o f te n  o f m e ta lim esto n e  o r c a lc -  

s i l ic a te  h o r n fe ls e s .  R a re ly , th e y  a re  a s s o c ia te d  w ith  th e  ru s ty -w e a th e r  ing



mm

P la te  3 8 . G a rn e t - r ic h  q u a r t z - d i o r i t e  a s s o c ia te d  w ith  
m etased im entary  r a f t .  H avnef3o rd b o tn .

P la te  3 9 . M eta lim estone  and 
c a l c - s i l i c a t e  b lo ck  a t  th e  
margin o f g a r n e t - r i c h  q u a r tz -  
d io r i te  s h e e t .  H avnef3ord 
botn.
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h o rn fe ls e s ,  a lth o u g h  i t  i s  p o s s ib le  t h a t  m e ta lim e s to n e s  may occur nearby  

beneath  th e  s u r f a c e .

These d i o r i t e s  have s h a rp ly -d e f in e d  m arg in s , i n  w hich th e r e  i s  no 

marked change in  g r a in - s i z e s  to w ard s  th e  c o n ta c t ,  and th e y  a re  compa

r a t iv e ly  f r e e  from  in c lu s io n s .  They c o n ta in  o c c a s io n a l b lo c k s  o f m eta

sedim ent, b u t th e r e  a re  none o f th e  sm all d ig e s te d  x e n o l i th s  so c h a ra c 

t e r i s t i c  o f  th e  p y ro x e n e -m ic a -d io r i te s .  The m e tased im en ta ry  b lo ck s  

occur a t  th e  m arg in s o f th e  s h e e t and a re  o f te n  somewhat deform ed.

They c o n s is t  o f m e ta lim esto n e  and c a l c - s i l i c a t e  ro c k  ( P la te  59)•

G arnet-poor Q uart z - d i o r i t e s

These q u a r t z - d i o r i t e s  a re  a l s o  c o a r s e -g ra in e d  and resem b le  th e  

more g a rn e t i f  e ro u s  q u a r t  z - d i o r i t e s  in  th e  f i e l d ,  p a r t i c u l a r l y  a s  th e y  

have a w h ite  o r l i g h t  g rey  s p o tte d  ap p e a ra n c e . However, th e  fo rm er 

co n ta in  a l i t t l e  more m afic  m a te r ia l ,  and c lo s e  in s p e c t io n  o f th e  l a t t e r  

re v e a ls  th e  p re se n ce  o f  numerous sm all g a r n e t s .  Maximum s iz e  f o r  th e  

fe ld sp a r  p h e n o c ry s ts  i s  ab o u t 2 ^  cm. in  l e n g th ,  and th e r e  i s  g e n e ra l ly  

a tendency tow ards a p r e f e r r e d  o r i e n ta t i o n  p a r a l l e l  t o  th e  d i o r i t e  body 

w a lls .

These d i o r i t e s  form  s u b v e r t i c a l  s h e e t s ,  and have been  em placed 

in to  th e  H u sfjo rd  m etagabbro  to  th e  n o r th  o f th e  H av n efjo rd  d i o r i t e ,  

and a lso  in to  th e  n e ig h b o u rin g  c o u n try  ro c k s .  They do n o t make c o n ta c t 

with th e  H av n efjo rd  d i o r i t e ,  th e  c o a rse  p y ro x e n e -m ic a -d io r i te s ,  o r th e  

g a rn e t-r ic h  q u a r t  z - d i o r i t e s ,  and th u s  t h e i r  age r e l a t io n s h ip s  w ith  th e se  

nocks cannot be e s ta b l i s h e d  in  th e  f i e l d .
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The c o n ta c ts  o f th e s e  d i o r i t e  s h e e ts  a re  s h a rp ly  d e f in e d , b u t th e re  

i s  no g ra d a t io n  in  th e  g r a in - s i z e  tow ards th e  m arg ins ( P la te  6 0 ) .  The 

d io r i t e s  o f te n  c o n ta in  b lo c k s  o f th e  h o s t  ro c k , which u s u a l ly  have 

sharp m arg in s , and which a re  som etim es up to  a few te n s  o f c e n tim e tre s  

in  le n g th .  In  th e  ca se  o f th e  m e ta se d im en ts , th e  x e n o l i th s  a re  g e n e r a l ly  

angu lar and somewhat r e c ta n g u la r  ( P la te  6 l ) .  In  some c a s e s ,  a t  th e  

margins o f th e  d i o r i t e s ,  i t  i s  c l e a r  t h a t  th e  d i o r i t e  h as  p e n e tr a te d  

along th e  f o l i a t i o n  p la n e s  o f th e  m e tase d im en ts . I n  o th e r  in s ta n c e s ,  

the b lo ck s  have become d i s o r i e n t a t e d  and a re  c l e a r l y  free-sw im m ing in  

the d i o r i t e .  The x e n o l i th s  a re  m ain ly  o f c a lc a re o u s  psam m ites, and 

sometimes m inor f o ld s ,  a p p a re n t ly  of P2 a g e , a re  p re se rv e d  in  them .

In  th e  neighbourhood  o f th e s e  d i o r i t e s ,  th e  H u s fjo rd  m etagabbro  

or th e  m etased im en ts  have o f te n  been  e x te n s iv e ly  f e ld s p a th iz e d ,  th e  

m etasedim ents o f th e  c o u n try  ro c k s  b e in g  much more prone to  t h i s  th a n  

the m etagabbro. F e ld sp a r  p o rp h y ro b la s ts  have grown in  th e  ro c k s ,  

ap p aren tly  in  th e  s o l id  s t a t e .  They a re  a n h e d ra l ,  random ly o r ie n ta te d ,  

and grow up to  ab o u t 2 cm. in  le n g th .  In  some p la c e s  th e  f e ld s p a r s  a re  

r e la t iv e ly  s p a r s e ,  w hereas in  o th e r s  th e y  a re  v e ry  d en se , and th e r e  a re  

a l l  g ra d a tio n s  betw een th e s e  ex trem es ( P la te  6 2 ) .  The dense p a r t s  

sometimes fo llo w  th e  p la n e s  o f th e  f o l i a t i o n ,  s u g g e s tin g  t h a t  some 

bands were more s u s c e p t ib le  t o  f e ld s p a th i z a t io n  th a n  o th e r s .  Sometimes 

the dense f e ld s p a th i z a t io n  form s i r r e g u l a r ,  d i f f u s e  p a tc h e s  whose form s

independent o f th e  b an d in g , w hich i t  more or l e s s  o b l i t e r a t e s .

The f e ld s p a th iz a t io n  i s  o c c a s io n a l ly  so dense t h a t  th e  ro ck  b eg in s  

to  resemble th e  d i o r i t e ,  b u t i n  th e s e  c a s e s ,  th e r e  i s  no in d ic a t io n  o f



P late  6 0 • Garnet-poor q u a rtz -d io r ite  contact with  
metasediments. Havnefj ordbotn.



P la te  61. M etased im en tary  
b lo c k s  i n  g a rn e t-p o o r  q u a rtz -  
d i o r i t e .  Above H av n efjo rd 
b o tn .

Plate 62. F eldspath i
zation of country rocks 
adjacent to  garnet-poor  
qucurtz-diorite. Above 
Havnef j ordbotn •
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an in t r u s iv e  m arg in . I t  i s  p o s s ib le  t h a t  th e  r e l a t i o n s h i p  betw een th e  

d i o r i t e s  and t h i s  f e ld s p a th i z a t io n  i s  com parable t o  t h a t  betw een th e  e a r ly  

H u sfjc rd  d i o r i t e s  and th e  f e ld s p a th i z a t io n  a s s o c ia te d  w ith  them . In  

the  case  o f th e  H u s fjo rd  d i o r i t e s  th e  f e l d s p a t h i z a t i o n ,  w hich p reced ed  

the  d i o r i t e s  th e m se lv e s , som etim es became so dense  t h a t  th e y  were a lm o st 

in d is t in g u is h a b le  from  them . In  t h a t  ca se  i t  was c o n s id e re d  t h a t  th e  

f e ld s p a th iz a t io n  may have been  a  p re c u rs o r  t o  th e  in t r o d u c t io n  o f th e  

d io r i t e ,  and a s im i la r  mechanism may have been  in  o p e ra t io n  in  th e  

p re se n t ca se ..

In  p la c e s ,  ro unded  b lo c k s  o f p r a c t i c a l l y  u n fe ld s p a th iz e d  m e tase - 

diraent occur w i th in  what ap p e a rs  t o  be f e ld s p a th iz e d  m etagabbro  ( P la te s  

63 and 64 ) • F o r much of t h e i r  b o u n d a r ie s , th e y  have sh a rp  c o n ta c ts  

ag a in s t th e  su rro u n d in g  ro c k , b u t o c c a s io n a l ly  th e y  merge co m p le te ly  

with th e  e n c lo s in g  ro c k . They a re  m e ta se d im en ta ry  x e n o l i th s  in  th e  

metagabbro w hich have l a r g e ly  r e s i s t e d  th e  f e l d s p a t h i z a t i o n .

There a re  s e v e r a l ' i n s t a n c e s  n e a r  th e  n o r th e rn  m arg in  o f  th e  H u sfjo rd  

metagabbro where th e  m etagabbro  h as  undergone t h i s  f e ld s p a th i z a t io n .

I t  occurs a s  zones i n  th e  neighbourhood  o f  m e tased im en ta ry  r a f t s ,  and 

U sually th e  r a f t s  th em se lv e s  a re  a f f e c te d  a s  w ell*  C le a r ly  th e s e  p a r t s  

of the m etagabbro w hich c o n ta in  r a f t s  w ere p o in ts  o f w eakness which were 

more prone to  th e  f e l d s p a th i z a t io n .  G e n e ra l ly ,  b u t n o t in v a r ia b ly ,  

garnet-poor q u a r t z - d i o r i t e s  o ccu r a t  th e s e  p la c e s  to o .



' t-'
ç ’t ..

P la te  63 . Metasedimentary 
blocks in  fe ld sp a th ized  
metagabbro. Above Havne- 
fjord botn .

Plate 64. Metasedimentary 
blocks in  fe ld sp a th ized  
metagabbro. Above Havne- 
fjordbotn.
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KOrlAGFJORD DIORITE

T h is  i s  a  y e llo w ish -b ro v /n  w e a th e r in g , m ed ium -grained , h y p e rs th e n e -  

b ea rin g  d i o r i t e  which o u tc ro p s  on th e  e a s te r n  s id e  o f K om agfjord. I t  

forms narrow  s h e e ts  w ith in  th e  H u s fjo rd  m etagabbro , b u t i t s  c o n ta c t  

r e l a t io n s h ip s  a re  o f te n  o b scu red  by th e  l a t e r  p e r th o s i t e s  in  th e  Komag- 

f jo r d  a r e a .

I t  h a s  a  s l i g h t  f o l i a t i o n  due t o  a lig n m en t o f m in e ra ls ,  e s p e c ia l ly  

a t th e  m arg ins where th e  f o l i a t i o n  i s  p a r a l l e l  to  th e  c o n ta c ts .  Where 

co n tac t w ith  th e  H u s fjo rd  m etagabbro  i s  see n , th e  d i o r i t e  o c c a s io n a l ly  

co n ta in s  b lo c k s  o f th e  m etagabbro  a t  i t s  m arg in .

The d i o r i t e  c h a r a c t e r i s t i c a l l y  c o n ta in s  numerous x e n o l i th i c  in c lu s io n s  

of bo th  m e la n o c ra tic  m a te r ia l  and m e so c ra tic  m a te r ia l .  The l a t t e r  a re  

commonly lo n g  and n arro w , and a re  e lo n g a te d  p a r a l l e l  t o  th e  f o l i a t i o n  

of th e  d i o r i t e  ( P la te  6 5 ) . T h is  f o l i a t i o n  and a t t i t u d e  o f th e  x e n o l i th s  

is  s u b - p a r a l le l  t o  th e  t r e n d  o f  th e  f o l i a t i o n  in  th e  H u s f jo rd  m etagabbro . 

Many of th e  x e n o l i th s  a re  p a r t i a l l y  a s s im i la te d  by th e  d i o r i t e ,  and a 

s treaky  ro ck  f u l l  o f s c h l ie r e n  r e s u l t s .  The m e la n o c ra tic  in c lu s io n s  

are g e n e ra lly  f in e - g r a in e d ,  g ra n u la te d  b a s ic  pyroxene h o r n f e l s e s ,  and 

^ay or may n o t be rem nan ts  o f H u s f jo rd  m etagabbro . Some o f th e  b a s ic  

in c lu sio n s a re  f in e - g r a in e d  a m p h ib o li te s ,  and ap p ear t o  be frag m en ts  

of some v e ry  e a r ly  b a s ic  dykes. The f a c t  t h a t  some x e n o l i th s  a re  

pyroxene h o rn fe ls e s  and some a re  a m p h ib o li te s  shows t h a t  th e  h o rn fe ls in g  

cannot be due t o  th e  e n c lo s in g  Komagf jo r d  n o r i t e . .  The pyroxene h o rn fe ls e s  

resemble th e  m etagabbro  w hich h as  been  th e rm a lly  m etam orphosed by th e  

®urly d io r i t e  s h e e t s ,  su g g e s tin g  t h a t  th e y  were h o rn fe ls e d  p r io r  to
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P la te  65 . X en olith s in  Komagfjord d io r ite  
Komagf3ord.
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in c o rp o ra t io n  in  th e  Komagf j  o rd  d i o r i t e .  S im i la r ly ,  i t  i s  p o s s ib le  

th a t  th e  a m p h ib o lite  was a l s o  i n  i t s  s t a t e  o f a m p h ib o liz a tio n  b e fo re  

i t s  e n c lo su re  w ith in  th e  d i o r i t e .

The b u f f - c o lo u re d ,  m e so c ra tic  x e n o l i th s  a re  a l s o  f in e - g r a in e d  

g ran u la ted  pyroxene h o r n f e l s e s ,  and i t  i s  d i f f i c u l t  t o  be su re  w hether 

they a re  o f ig n eo u s  o r sed im en ta ry  o r ig in .  I f  th e  l a t t e r  i s  th e  c a s e ,  

they may have been  d e r iv e d  from  m etased im en ts  to  th e  so u th  of th e  

H usfjord  m etagabbro  which a re  n o t to  be seen  now a t  th e  s u r f a c e ,  due 

to  e ro s io n .

The K om agfjord d i o r i t e  h as  been c u t  by some m inor i n t r u s io n s .

These in c lu d e  a g rey  b a s ic  d i o r i t e ,  w hich form s sm all s h e e t-1  ilce b o d ie s , 

and a few d y kes. The dykes a re  o f two k in d s ;  a  g re e n is h  p o r p h y r i t i c  

am phibo lite , and a  f in e - g r a in e d  b a s ic  dyke w hich h as  been  em placed 

into a s ig m o id a l j o i n t .

I t  i s  a l s o  v e in e d  by p e r t h o s i t e ,  and i t  o c c a s io n a l ly  o ccu rs  a s  

xeno lith s  and r a f t s  w ith in  th e  p e r t h o s i t e s .  I n  one com posite  r a f t ,  th e  

d io r ite  i s  c u t  by th e  l a t e r  g rey  b a s ic  d i o r i t e ,  w hich a p p e a rs  t o  have 

a d yke-like  form  and w hich does n o t p e n e t r a te  in to  th e  su rro u n d in g  

p e r th o s ite .
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KQBBERFJORD NORITE

T h is  i s  a  g a rn e t -b e a r in g  o r th o n o r i te  w hich o u tc ro p s  in  two p la c e s  

in  th e  H u s f jo rd  a r e a .  One o u tc ro p  i s  a t  th e  n o r th e rn  end of K obber- 

f jo rd ,  where i t  o c cu rs  a lo n g  th e  c o n ta c t  betw een th e  H u s fjo rd  m etagabbro  

and th e  c o u n try  ro c k s .  The o th e r  o u tc ro p  i s  on th e  F e l l a  p e n in s u la  

a t th e  e a s te r n  end o f th e  a r e a .

Kobberf.jord Body

The n o r i t e  body a t  K o b b e rfjo rd  i s  in  th e  form  o f a  s h e e t  ab o u t 200 m. 

vide, d ip p in g  s te e p ly  t o  th e  N.W, I t  h a s  been  em placed a lo n g  th e  c o n ta c t  

between th e  H u s f jo rd  m etagabbro  and th e  m ig m a titic  c o u n try  ro c k s .  I t  

follow s t h i s  b o u n d ary , w hich i s  s l i g h t l y  d is c o rd a n t  w ith  th e  banding  

in the m etased im en ts , n o r th -e a s tw a rd s  f o r  ab o u t 3 km. I t  th e n  sw ings 

avay from th e  c o u n try  ro c k s  and p e n e t r a te s  th e  x e n o l i th ic  f a c i e s  o f th e  

metagabbro f o r  ab o u t 1 ^  km ., b e fo re  p e te r in g  o u t. I n  p la c e s  i t  h as  

branching to n g u es  w hich p e n e t r a te  th e  h o s t- r o c k .

The n o r i t e  i s  a  f in e - g r a in e d ,  n o n -p o rp h y r i t ic  ro ck  w hich w ea th e rs  

io a yellow ish -b row n  c o lo u r .  M icaceous p a tc h e s  a re  b la c k , and th e  

garnets a re  d ark  brown. I t  i s  ex trem e ly  x e n o l i t h i c ,  in c lu s io n s  v a ry in g  

inom la rg e  r a f t s  o f m ig m a tite  s e v e ra l  m e tre s  lo n g  ( P la te  66) t o  sm all 

fragments of psammite on ly  a few  c e n tim e tre s  o r l e s s  in  le n g th  (P la te  6 7 ) .

The a c tu a l  c o n ta c t  on th e  s o u th - e a s te rn  s id e  i s  n o t see n , b u t th e  

north-w estern c o n ta c t  a g a in s t  th e  m ig m atite  i s  c l e a r l y  d e f in e d , and i s  

exposed on th e  c o a s t .  H ere , th e  c o n ta c t  i s  n o t  sh a rp , b u t c o n s is t s  

u zone about a  m etre  i n  w id th  i n  w hich th e  ro c k s  a re  a  m ix tu re  o f



P la te  66. Migmatite r a ft  
in  Kobberfjord n o r ite .  
Kobberfjord.

Plate 6 7 . Psammite xeno
l i th s  in  Kobberfjord 
n orite . Kobberfjord.
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con tam inated  n o r i t e  and a s s im i la te d  m ig m a tite . At th e  m arg in , th e  

n o r i te  i s  s l i g h t l y  f o l i a t e d  p a r a l l e l  t o  th e  c o n ta c t .  Many of th e  sm all 

psammite x e n o l i th s  a re  p l a t y  in  form , and a t  th e  m argin  th e  l a r g e r  of 

the  s l i v e r s  a re  o r ie n ta te d  p a r a l l e l  t o  th e  c o n ta c t  ( P la te  6 8 ) ,  w h i l s t  

the  sm a lle r  ones and th e  i r r e g u la r ly - s h a p e d  ones te n d  to  be random ly 

o r ie n ta te d .  T h is  m arg in a l zone i s  r i c h  in  broivn g a rn e ts  ( P la te  68) 

which a re  f r e q u e n t ly  a s  l a r g e  a s  2 cm. in  d ia m e te r .

A s h o r t  way from  th e  c o n ta c t ,  th e  n o r i t e  c o n ta in s  numerous r a f t s  

and b lo ck s  o f m ig m atite  (a s  in  P la te  6 6 ) , some o f which a re  c l e a r l y  

being a s s im i la te d  by th e  n o r i t e .  Some o f th e s e  m ig m atite  r a f t s  c o n ta in  

basic  s h e e ts ,  and o c c a s io n a lly  i s o l a t e d  b a s ic  s h e e t  m a te r ia l  form s 

x e n o lith s  ( P la te  69 ) .  A l l  th e s e  r a f t s  a re  g e n e r a l ly  o r ie n ta te d  p a r a l l e l  

to  th e  n o r i t e  m arg in .

F u r th e r  away from  th e  c o n ta c t ,  th e  n o r i t e  i s  n o t so f o l i a t e d ,  and 

the sm all f ra g m e n ta ry  psam m itic x e n o l i th s  become more random ly o r ie n ta te d ,  

The edges o f th e s e  sm all x e n o l i th s  show a l l  g ra d a t io n s  from  c le a n ,  sh a rp  

borders t o  d i f f u s e ,  p a r t ly - a s s im i l a t e d  m arg in s . At g r e a te r  d is ta n c e s  

from th e  n o r i t e  m arg in , th e  number o f x e n o l i th s  d e c re a s e s ,  b u t th e  

degree to  which th e y  a re  a s s im i la te d  in c r e a s e s .

In  th e  c e n t r a l  p a r t  o f th e  n o r i t e  th e  m etased im en tary  b lo c k s , which 

are u s u a lly  on ly  a few  te n s  o f c e n tim e tre s  i n  le n g th ,  a re  e x te n s iv e ly  

a s s im ila te d . In  some c a s e s ,  th e y  a re  becom ing p r o g re s s iv e ly  fragm ented  

a t t h e i r  m arg in s , a p p a re n t ly  by p h y s ic a l  a c t io n  o f th e  n o r i t e  ( P la te  7 0 ) . 

Fragments a re  b e in g  b roken  o f f  th e  edges and a re  b e in g  in c o rp o ra te d  in

the n o r i t e ,  b u t th o se  a d ja c e n t  t o  th e  x e n o l i th s  s t i l l  r e t a i n  t h e i r



Plate 68. S liv e r s  o f psammite in  n o r ite  or ien ta ted  p a r a lle l  
to the margin o f the n o r ite . Kobberfjord.

Plate 69. Psammitic and 
basic sheet x e n o lith s  
in n o r ite . Kobberfjord.

.



P la te  70 . X enoliths be
coming fragmented and 
a ssim ila ted  by n o r ite ,  
Kobberfjord.

Plat e 71. Fragment e d 
rounded x e n o lith  in  n o r ite .  
Kobberfjord.
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i d e n t i ty  and l i e  p a r a l l e l  t o  th e  m arg ins o f th e  x e n o l i th .  W ith in c re a s in g  

d is ta n c e  from  th e  x e n o l i th ,  th e  frag m en ts  become p ro g re s s iv e ly  more 

a s s im ila te d  by th e  n o r i t e  u n t i l  th e y  become v e ry  d i f f u s e  and merge w ith  

the h o s t .  In  some c a se s  th e  n o r i t e  c o n ta in s  rag g ed  p a tc h e s  o f psamm ite 

fragm ents w hich do n o t have any i n t a c t  psammite c o re s  (P la te  7 l ) .

These p a tc h e s  o f psammite f ra g m en ts  a re  som etim es e lo n g a te ,  and i t  i s  

c le a r  t h a t  th e y  r e p re s e n t  lo n g  x e n o l i th ic  b lo c k s  w hich have been  com

p le te ly  frag m en ted  and p a r t l y  a s s im i la te d  by th e  n o r i t e  (P la te  7 2 ) . 

O ccasionally  th e s e  fragm en ted  b lo c k s  a re  up to  a m etre  or so in  w id th  

(P la te  7 3 ) .

Away from  th e  c o n ta c t  zone, th e  s iz e  o f th e  g a rn e ts  d e c re a s e s .

They a re  q u i te  abundan t in  th e  neighbourhood  of th e  r a f t s  and x e n o l i th s ,  

but never a t t a i n  th e  s iz e  o f th o se  a t  t h e  m arg in . Where th e  n o r i t e  

con ta ins sm all s c a t te r e d  psam m itic f ra g m e n ts , th e  g a rn e ts  a re  q u i te  

small and a re  d is p e r s e d  i r r e g u l a r l y  th ro u g h o u t th e  ro c k .

The f i e l d  e v id e n c e - c le a r ly  in d ic a te s  t h a t  th e  fo rm a tio n  o f  th e  

garnets i s  a s s o c ia te d  in  some way w ith  c o n ta m in a tio n  o f  th e  no r i t i c  

magma by th e  m e tased im en ts ; th e  amount o f  g a rn e t  i s  g r e a te r  where 

m etasedim entary m a te r ia l  h as  been  a s s im i la te d .  The x e n o l i th s  t h a t  

remain a re  m ain ly  o f m igm atized  psammite w ith  some s e m i- p e l i t e ,  and th e s e  

have obv io u sly  r e s i s t e d  a s s im i la t io n  to  some e x t e n t .  The x e n o l i th s  were 

presumably d e r iv e d  from  th e  m igm atized psam m ites and s e m i- p e l i te s  o f th e  

country ro c k s , so i t  i s  p ro b a b le  t h a t  a  c o n s id e ra b le  amount ^̂ of sem i- 

pel i t i c  m a te r ia l  h as  been  a s s im i la te d .  T h is  c o n ta m in a tio n  would g ive 

■the nor i t i c  magma an ex ce ss  o f alum inium , p o s s ib ly  e n a b lin g  th e  fo rm a tio n



P la te  7 2 . F ragm ented 
e lo n g a te d  x e n o l i th  i n  
n o r i t e .  K o b b e rfjo rd .

P la te  73* Fragmented psammite block in  n o r ite .  
Kobberfjord.
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of g a rn e t .  W hether t h i s  g a rn e t  was a d i r e c t  r e s u l t  o f co n tam in a tio n  

or w hether i t  was a metarno rp h ie  p ro d u c t w i l l  be d is c u s s e d  in  th e  p é t r o 

g rap h ie  s e c t io n  (p . 227 ) .

The p re sen ce  in  th e  n o r i t e  o f m ig m atite  x e n o l i th s  and th e  absence 

of H u sfjo rd  m etagabbro  in c lu s io n s  in d ic a te  t h a t  th e  n o r i t e  h e re  was 

emplaced on th e  c o u n try  ro ck  s id e  of th e  gab b ro /m etased im en t c o n ta c t .  

Towards th e  n o r th - e a s t ,  th e  m ig m atite  in c lu s io n s  become l e s s  numerous 

and d isa p p e a r  when th e  n o r i t e  p e n e t r a t e s  th e  m etagabbro .

The f a c t s  t h a t  th e  in c lu s io n s  a re  o f m igm atized m etased im en t, 

and th a t  th e  n o r i t e  i t s e l f  i s  n o t m igm atized  show t h a t  th e  emplacement 

of th e  n o r i t e  p o s t-d a te d  th e  m ig m a tiz a tio n .

F e lla  Body

The K o b b e rfjo rd  n o r i t e  ro ck  ty p e  c o n s t i t u t e s  th e  so u th e rn  p a r t  

of th e  F e l l a  p e n in su la  a t  th e  e a s te r n  end o f th e  a r e a .  The form  of 

■this body i s  n o t known, a s  i t s  n o r th e rn  c o n ta c t  h as n o t been  o b se rv ed , 

and i t  i s  bounded on a l l  o th e r  s id e s  by th e  s e a . To th e  n o r th  i t  

makes c o n ta c t  w ith  th e  H u s fjo rd  m etagabbro , a lth o u g h  much o f th e  con

ta c t  i s  now occup ied  by a tongue o f th e  H av n efjo rd  d i o r i t e ,  which may 

have been em placed a long  th e  c o n ta c t  zone.

T his n o r i t e  c lo s e ly  re sem b le s  t h a t  o f  th e  K o b b erfjo rd  body; i t  

i s  f u l l  o f m etased im en ta ry  x e n o l i th s  o f v a r io u s  s i z e s ,  and c o n ta in s  

numerous sm all g a rn e ts  d is p e r s e d  th ro u g h o u t th e  ro c k . Many o f th e  

m etasedim entary b lo c k s  a re  becoming p r o g re s s iv e ly  frag m en ted  and 

a ss im ila ted  l i k e  th o se  a t  K obberf jo r d .
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The r a f t s  however a re  n o t o f m ig m a tite . On th e  e a s te r n  s id e  of 

F e l la  th e  r a f t s  t r e n d  li-W, and a re  m a in ly  o f h o rn fe ls e d  psam m ites and 

s e m i- p e l i te s ,  o f te n  ru s ty -w e a th e r in g  and resem b lin g  some of th e  r a f t s  

in  th e  H avnefj o rd  d i o r i t e .  At th e  m arg ins o f th e s e  r a f t s  c o n s id e ra b le  

a s s im ila t io n  h as  u s u a l ly  o c c u rre d , and th e y  o f te n  merge in to  th e  n o r i t e .  

On th e  w e s te rn  s id e  o f  F e l l a  th e  m a jo r i ty  o f th e  r a f t s  a re  o f w h ite  

c a l c - s i l i c a t e - s c h i s t s  which have been h o rn fe ls e d .  These t r e n d  in  a 

N.W .-S.S. d i r e c t io n  and a re  o f te n  s e v e ra l  te n s  o f m e tre s  in  le n g th .
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VATm GABBRO

G eneral

The V atna gabbro  i s  a f in e - g r a in e d ,  o l iv in e -b e a r in g  gabbro  which 

ou tcro p s in  th e  V atna a re a  j u s t  so u th -w e s t o f H u s f jo rd . I t  h as  been 

emplaced in to  th e  s o u th - e a s te r n  p a r t  o f th e  H u s fjo rd  m etagabbro , and 

forms th e  s l i g h t l y  lo w e r, c rag g y  ground around  V atna and V atnliavn.

The gabbro  w ea th e rs  t o  a ru s ty -b ro im  c o lo u r ,  w hich in  p la c e s  i s  

p in k ish . In  p la c e s  i t  h as  a  f lu x io n  s t r u c tu r e  form ed by th e  p r e f e r r e d  

o r ie n ta t io n  o f th e  m in e ra ls .  The s t r i k e  o f t h i s  o r ie n ta t i o n  i s  ab o u t 

070° and i t  d ip s  a t  70° t o  th e  so u th .

A number o f  x e n o l i th s  a re  e n c lo se d  w ith in  th e  gabbro  and u s u a l ly  

occur in  zones. The x e n o l i th s  a re  sm a ll; th e  l a r g e s t  a re  a few te n s  of 

cen tim e tre s  in  l e n g th .  O c c a s io n a lly  th e  x e n o l i th s  a re  random ly o r ie n 

ta te d  and n e ig h b o u rin g  ones a re  o f d i f f e r e n t  r o c k - ty p e s ;  some o f them 

are f in e - g r a in e d ,  and some a re  c o a r s e -g ra in e d  ( P la te  7 A). They a re  

mainly frag m en ts  o f b a s ic  dyke, and some o f th e  c o a rse  ones resem ble  

the c o a rse -g ra in e d  so u th e rn  S lS t te n  gabbro ( se e  p . 1 1 7 ) .

G en e ra lly  how ever, n e ig h b o u rin g  in c lu s io n s  a re  a l l  o f one k in d ; 

these  a re  f in e r - g r a in e d  th a n  th e  h o s t ,  b u t th e y  w ea th er to  a  co lo u r  

s im ila r  to  t h a t  o f th e  l a t t e r .  These f in e - g r a in e d  x e n o l i th s  a re  g e n e ra l ly  

elongate and th e y  a re  a l ig n e d  p a r a l l e l  t o  one a n o th e r  and to  th e  a t t i t u d e  

of the  f lu s io n  s t r u c tu r e  in  th e  gabbro . They u s u a l ly  show f a i r l y  sh arp  

margins a g a in s t  th e  gabbro . In  t h i n  s e c t io n  th e s e  in c lu s io n s  a re  seen  

to  be f in e r - g r a in e d  v e r s io n s  o f th e  gabbro  i t s e l f ;  t h e i r  m inera logy  

3-nd te x tu re  a re  s im i la r  t o  th o se  o f th e  gabbro , b u t th e  s c a le  i s  d i f f e r e n t ,



P late  74 . Mixed x e n o lith s  in  Vatna gabbro* 
Vatna*
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Thus a b e t t e r  te rra  f o r  th e s e  in c lu s io n s  m ight be a u t o l i t h s  s in c e  th e y  

c o n s is t  o f th e  same ro ck  ty p e  a s  t h e i r  h o s t .  I t  would seem t h a t  b e fo re  

the  main f a c i e s  o f th e  V atna gabbro  now exposed h e re  was emplace^ a 

f in e r - g r a in e d  f a c i e s  was form ed. T h is  su g g e s ts  t h a t  th e  em placem ent o f 

the V atna gabbro  was co m p lic a ted  and p o s s ib ly  c o n s is te d  o f more th a n  

one p h ase . T h is  i s  d is c u s s e d  f u r t h e r ,  and a p o s s ib le  e x p la n a tio n  of 

the a u t o l i t h s  i s  o f f e r e d  in  th e  s e c t io n  on em placem ent ( p .129 ) .

The gabbro  o f te n  h as a s t r e a k y  a p p e a ran ce , in  w hich th e  ro ck  i s  

s treak ed  th ro u g h  w ith  bands and v e in s  o f c o a r s e r ,  p in k -w e a th e rin g  

fe ld s p a th ic  m a te r ia l  ( P la te  7 5 ) .  These v e in s  a re  s u b p a r a l le l  to  one 

an o th er, and t h e i r  a t t i t u d e  i s  p a r a l l e l  to  th e  a t t i t u d e  of th e  a u t o l i t h s  

and f lu x io n  s t r u c tu r e  in  th e  g ab b ro . Sometimes th e  v e in s  have sh a rp  

m argins, and som etim es th e y  a re  d i f f u s e  and m ix w ith  th e  g abbro . The 

veins a re  o f p e r t h i t e ,  and w here th e y  merge w ith  th e  g abbro , th e  l a t t e r  

is  p in k -w e a th e rin g , and in  t h i n  s e c t io n  i s  seen  to  be a  mixed ro ck  

con ta in in g  b o th  o l iv in e  and a n t i p e r t h i t i c  f e ld s p a r .  Thus i t  ap p ea rs  t h a t  

a t some tim e d u r in g  i t s  em placem ent th e  V atna gabbro  became l o c a l l y  

mixed w ith  a  c o m p a ra tiv e ly  so d ic  magma, p o s s ib ly  p e r t h o s i t i c .  T h is  

com plication  w i l l  be d is c u s s e d  when th e  em placem ent o f  th e  p e r th o s i t e s  

i s  co n s id e red  (p . 141 ) .

^ e - s h o o t

In  th e  ro c k s  on th e  c o a s t  ab o u t 200 m. t o  th e  w est o f th e  c o tta g e  

Vatna th e r e  a re  a  few o re -s h o o ts  in  th e  gabbro . These a re  r a r e ,  and 

the l a r g e s t  a re  ab o u t 30 cm. lo n g  and a  few  cm. w id e . They a re  r u s ty -  

v ea th erin g , and c o n s i s t  p r in c ip a l l y  o f m a g n e tite . They occur m ain ly  in



P la te  73* Streaky fe ld s 
path ic fa c ie s  o f Vatna 
gabbro• Vatna.

P la te  76• O re-shoots in  Vatna gabbro. Shoots are the 
dark streak s to  the l e f t  o f the hammer head and the end 
o f the sh a ft . Other streak s are in c lu s io n s  and fe ld s 
path ic v e in s . Vatna.



112

th e  strea]{y  f a c i e s  and a re  a s s o c ia te d  w ith  th e  a n t i p e r t h i t i c  v e in s .

T he ir a t t i t u d e  i s  p a r a l l e l  to  th e  p e r th o s i t e  v e in s  and th e  a u t o l i t h s  

so t h a t  th e y  d ip  s te e p ly  to  th e  so u th  ( P la te  7 6 ) . T h is  i s  s i g n i f i c a n t ,  

s in ce  a  geom agnetic  su rv ey  made by Dr. M. Brooks (p e rs o n a l  com m unication) 

has shovm t h a t  th e r e  i s  a  h ig h  p o s i t iv e  m agnetic  anom aly in  S /r /y s u n d  

ju s t  o f f  th e  c o a s t  a t  V atna. T h is  co n firm s m agnetic  anom alies  f o r  

th i s  a re a  r e p o r te d  on th e  n a v ig a t io n  c h a r t s  (Norges S j /k a r tv e r k  og 

Norsk P o l a r i n s t i t u t t  (1965) ) .  I t  i s  l i k e l y  t h a t  th e  o re -s h o o ts  a re  

a s so c ia te d  w ith  a  l a r g e r  so u rce  o f o re ,  and t h e i r  a t t i t u d e  su g g e s ts  

th a t  a l a r g e  o re  body may e x i s t  b e n e a th  S /r /y s u n d  o f f  th e  c o a s t  a t  

Vatna.

The n a v ig a t io n  c h a r t s  a l s o  in d ic a te  t h a t  th e  m ag n etic  anomaly 

con tinues n o r th -e a s tw a rd s  a lo n g  S /r /y s u n d ,  su g g e s tin g  t h a t  an u l t r a -  

basic  or o re -b e a r in g  body may c o n tin u e  a lo n g  t h i s  l i n e  a t  d e p th . The 

g rea t d ep th s  a t t a i n e d  in  S /r /y s u n d  a lo n g  t h i s  l i n e  (up to  420 m.) 

suggest t h a t  t h i s  l i n e  may mark th e  s i t e  o f  a  l a r g e  f a u l t ,  up which 

u l t ra b a s ic  m a te r ia l  may have r i s e n ,  p ro d u c in g  th e  m agnetic  an o m alies .

Dr. M. Brooks h as  found  t h a t  p e r th o s i t e  s h e e ts  in  K om agfjord, to  

the w est o f V atna , have h ig h  p o s i t iv e  m ag n e tic  anom alies  (p e rs o n a l 

com m unication), a lth o u g h  th e s e  ro c k s  a re  v i r t u a l l y  pu re  p e r t h i t e .

C learly  th e r e  m ust be some h ig h ly  m agnetic  ro c k s  b en ea th  th e  s u r f a c e ,  

und th i s  p ro v id e s  f u r t h e r  ev id en ce  o f th e  c lo s e  a s s o c ia t io n  betw een 

ore and so d ic  magma. F u rth e rm o re , S t u r t  and Ramsay ( I 965 ) d e s c r ib e  

m ag n e tite -b ea rin g  p e r t h i t i c  pe g m a tite s  in  a s s o c ia t io n  w ith  th e  a lk a l in e  

complex of th e  B re iv ik b o tn  a rea ..
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The a c tu a l  shape of th e  V atna gabbro  body can n o t be d e te rm in ed ; 

th e  gabbro i s  b o rd e re d  to  th e  s o u th - e a s t  by th e  s e a , and i t s  c o n ta c t  

w ith  th e  H u s f jo rd  m etagabbro  i s  n o t seen  because  o f d i f f e r e n t i a l  

w ea th e rin g . However, i t  i s  l i k e l y  t h a t  th e  f lu x io n  s t r u c tu r e  and th e  

p lane in  which th e  in c lu s io n s  l i e  a re  s u b p a r a l le l  to  th e  m argin  o f th e  

body. The t r e n d  o f th e  n o r th -w e s te rn  m argin  i s  a p p ro x im a te ly  

a d i r e c t io n  w hich i s  ro u g h ly  p a r a l l e l  to  th e  s t r i k e  o f th e  f lu x io n  

s t r u c tu r e .  I t  i s  c o n s id e re d  l i lc e ly  t h a t  t h i s  c o n ta c t  d ip s  s te e p ly  to  

the so u th , p a r a l l e l  to  th e  f o l i a t i o n .

About 2 ^  km. t o  th e  n o r th  o f V atna , n e a r  S l a t t e n ,  th e r e  i s  an o u t

crop of a  f in e - g r a in e d ,  o l iv in e -b e a r in g  gabbro  w hich form s a s h e e t  abou t 

200 m. wide d ip p in g  s te e p ly  to  th e  s o u th . T h is  gabbro i s  ru s ty -w e a th e r in g  

and has a marked f lu x io n  s t r u c tu r e  due to  p a r a l l e l  o r i e n ta t i o n  o f  th e  

c r y s ta l s .  The f lu x io n  h as  a s t r i k e  o f 060o and g e n e r a l ly  d ip s  s te e p ly  

to  the  so u th , a lth o u g h  in  p la c e s  i t  i s  s u b v e r t i c a l .

This gabbro  i s  s im i la r  t o  th e  V atna g ab b ro , a lth o u g h  i t  does n o t 

contain  th e  f in e r - g r a in e d  a u t o l i t h s  and p e r t h o s i t i c  s t r e a k s .  I t  i s  

considered t h a t  i t  i s  a  s im i la r  ro c k - ty p e  as  th e  V atna gabbro , and may 

rep resen t a  s u b s id ia ry  s h e e t  t o  t h a t  body. T h is  su g g e s ts  t h a t  th e  V atna 

gabbro i t s e l f  m igh t be a  s h e e t - l i k e  body d ip p in g  u n d er S/ir;6ysund to  

the so u th .

M inor I n t r u s i o n s

Minor in t r u s io n s  a re  abundan t in  th e  V atna g ab b ro , and in c lu d e  

p e r th o s ite s , b a s ic  dykes, and n e p h e l in e - s y e n i te  p e g m a tite s .  They w i l l
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be c o n s id e re d  in  d e t a i l  under a s e p a ra te  h ead in g  ( p . 1 3 2  ) .

The p e r th o s i t e s  a re  pinlc, and a re  v a r i a b le  in  g r a in - s i z e  a lth o u g h  

they  a re  u s u a l ly  f a i r l y  c o a r s e -g ra in e d .  They form  la r g e  d y k e - l ik e  

sh ee ts  w hich a re  s u b v e r t i c a l  and a re  u s u a l ly  s e v e ra l  te n s  o f m e tre s  in  

w id th . T h e ir  g e n e ra l  t r e n d  i s  a p p ro x im a te ly  N .W .-S .H ., a lth o u g h  in d i 

v id u a l s h e e ts  te n d  to  waver and b ra n ch .

The b a s ic  dykes v a ry  in  w id th  from  a c e n tim e tre  t o  abou t 2 m e tre s . 

Their av erag e  t r e n d  i s  1^0° and th e y  a re  s u b v e r t i c a l .  The V atna gabbro  

does n o t have a p a r t i c u l a r l y  r e g u la r  j o i n t i n g ,  b u t th e s e  dykes were 

probably em placed a lo n g  w h atev er j o i n t s  were fo rm ed.

The e a r l i e s t  dykes were u l t r a b a s i c ;  th e s e  have d i f f u s e  m arg in s , 

are sometimes f e ld s p a th iz e d ,  and a re  s l i g h t l y  f o ld e d .  I t  i s  p o s s ib le  

th a t th e y  were em placed b e fo re  th e  gabbro  had become a b s o lu te ly  r i g i d ,  

and were deform ed by s l i g h t  movements in  th e  g ab b ro . Evidence f o r  an 

e a rly  p r e - p e r th o s i t e  phase o f dyke em placem ent i s  p ro v id e d  by x e n o l i th s  

of dyke m a te r ia l  i n  some o f th e  p e r t h o s i t e s .  However, m ost o f th e  dykes 

belong to  a  l a t e r ,  p o s t - p e r th o s i t e  phase s in c e  many o f them c u t th e

p e r th o s i te s .

Almost in v a r ia b ly  th e  b a s ic  dykes have eroded  more r e a d i l y  th a n  

the gabbro. T h is  g iv e s  th e  ground a  h ig h ly  d is s e c te d  ap p ea ran ce , and 

on the  c o a s t th e  se a  h as ero d ed  lo n g  narrow  g u l l i e s  p e n e t r a t in g  in to  

the head lands.

There a re  a  few  b o d ie s  o f n e p h e l in e - s y e n i te  p eg m atite  in  th e  V atna 

gabbro. These a re  up to  ab o u t 1-g- ra. in  w id th , and have been v a r ia b ly  

sheared d u rin g  th e  l a t e r  F2 b r i t t l e  d e fo rm a tio n .
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S hears and M y lo n ites

In  th e  V atna gabbro  th e r e  e re  a  number o f s h e a rs  which were p ro 

duced d u r in g  th e  l a t e  Fo movements* The m a jo r i ty  o f th e s e  a re  v e ry  

narrow , b e in g  on ly  a m il l im e tr e  o r so in  w id th , and th e y  a re  b e s t  seen  

when th e y  cause  th e  o f f s e t t i n g  of b a s ic  dy k es . Both d e x b ra l and s i n i s -  

t r a l  ty p e s  o c c u r, b u t th e y  do n o t p ro v id e  enough d a ta  to  e n ab le  a s t a t i s -  

t a l  p a t t e r n  t o  em erge.

There a re  a  few b road  sh e a r-z o n e s  up to  ab o u t 1-g- m. in  th ic k n e s s  

in  which m y lo n ite  a re  form ed. I t  i s  in  th e s e  m y lo n ite  zones t h a t  th e  

n e p h e lin e -sy e n ite  p eg m a tite  o c c u rs , and i t  a p p e a rs  t h a t  th e y  have p ro 

vided p la n e s  o f w eakness a lo n g  w hich sh e a r in g  h as ta k e n  p la c e .  The peg

m atite  does n o t alw ays occupy th e  whole zone, and where th e  gabbro  h as 

become sh e a re d  i t  form s a h a rd , b la c k , la m in a te d  m y lo n ite .

The p la n e s  o f sh e a r in g  in  th e s e  m y lo n ite s  s t r i k e  i n  an  E.S.E.-W .N.W . 

d ire c tio n  and d ip  a t  t o  th e  south* Thus th e y  a re  p a r a l l e l  to

the m y lo n ites  in  th e  H u sfjo rd  m etagabbro  (F ig . 7 ) ,  and a r e  p ro b ab ly  

re la te d  to  th e  fo rm a tio n  o f th e  l a t e  F2 s t r u c t u r e s .
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RT,&TEH GABBRCS

On th e  w est s id e  o f H u s f jo rd , n e a r  S l a t t e n ,  th e r e  a re  th r e e  g abbros, 

each of w hich ap p ea rs  to  form  a s h e e t-1  Dee body. The s h e e ts  a re  p a r a l l e l  

to  one a n o th e r  and d ip  s te e p ly  t o  th e  so u th .

The c e n t r a l  gabbro  i s  o f th e  V atna gabbro  ro c k - ty p e ,  and was d e s c r i 

bed in  c o n n e c tio n  w ith  th e  V atna body ( p .115 )•  I t  i s  c h a r a c t e r i s t i c a l l y  

a b row nish , f in e - g r a in e d  ro ck  c o n ta in in g  o c c a s io n a l ru s ty -w e a th e r in g  

s tr e a k s ,  which a re  p ro b ab ly  o f i r o n  o re . I t  g e n e r a l ly  h a s  a marked 

f lu x io n  s t r u c tu r e  w hich u s u a l ly  d ip s  to  th e  s o u th , and i s  c o n s id e re d  

to  be an o u tly in g  s h e e t o f th e  V atna gabbro .

The n o r th e rn  gabbro i s  a  m edium -grained pyroxene gabbro  w ith  on ly  

a very  l i t t l e  o l i v in e ,  and i t  w ea.thers t o  a b la c k  and w h ite  sp eck led  

appearance. I t  h as  been  in tru d e d  by a number o f p o r p h y r i t i c  dykes 

which have w h ite -w e a th e rin g  f e ld s p a r  p h e n o c ry s ts  g iv in g  th e  ro ck  a 

spo tted  c h a r a c te r .  The t r e n d  of th e  dykes i s  p a r a l l e l  to  t h a t  o f th e  

gabbro sh e e t i t s e l f ,  i . e .  ab o u t 0?0°. To th e  n o r th ,  t h i s  gabbro  makes 

con tact w ith  th e  H u s fjo rd  m etagabbro , b u t th e  c o n ta c t  zone h as become 

com plicated by th e  em placem ent o f numerous p e r th o s i t e  s h e e ts  p a r a l l e l  

to ,th e  c o n ta c t .  These s h e e ts  a re  abundant in  th e  H u s fjo rd  m etagabbro 

ju s t  to  th e  n o r th  o f th e  c o n ta c t ,  and th e y  a ls o  occur w ith in  th e  o l iv in e -  

bearing gabbro n e a r  i t s  n o r th e rn  m arg in . The p e r th o s i t e s  g e n e ra l ly  

contain  x e n o l i th ic  b lo c k s ,  and in  th e  ca se  o f th e  p e r th o s i t e s  which a re  

in truded  in to  th e  o l iv in e  g ab b ro , th e s e  b lo c k s  a re  o f th e  gabbro i t s e l f ,  

3>nd a lso  of th e  s p o tte d  p o r p h y r i t i c  dyke. In  p la c e s  th e  p e r th o s i t e  v e in s  

the gabbro in  an  i r r e g u l a r  f a s h io n .
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The so u th e rn  gabbro  i s  a c o a r s e -g ra in e d  o l iv in e -g a b b ro .  I t  does n o t have 

a f lu x io n  s t r u c t u r e ;  th e  l a r g e  b la c k  pyroxenes and y e llo w ish -w e a th e r in g  

f e ld s p a r s  form  a c o a rse  o p h i t ic  t e x tu r e .  The g r a in - s i z e  i s  somewhat 

v a r ia b le ;  g e n e r a l ly ,  la r g e  g ra in s  a re  in  th e  o rd e r  of A -  5 mm. in  

le n g th , b u t o c c a s io n a l ly  th e  g r a in - s i z e  in c r e a s e s  so t h a t  a  p e g m a tit ic  

fa c ie s  d e v e lo p s . T h is  l a t t e r  o ccu rs  a t  th e  n o r th e rn  m arg in  o f th e  body, 

where i t  som etim es v e in s  in to  th e  a d ja c e n t  gab b ro . The g e n e ra l  t r e n d  

of th e  so u th e rn  m arg in , w hich sw ings sou thw ards a lo n g  th e  m o u n ta in s id e , 

in d ic a te s  t h a t  t h i s  m arg in  d ip s  tow ards th e  so u th .

The e x a c t l a t e r a l  e x te n t  o f th e s e  gabbro s h e e ts  i s  n o t known. A 

short way w estw ards from  th e  c o a s t  th e y  t r a v e r s e  e x trem e ly  s te e p  and 

rough c o u n try , much o f which i s  in a c c e s s ib le .  However, th e y  do n o t 

occur in  Komagakslen to  th e  w est o f V a tn d a l, so th e y  m ust tongue out 

before th e n . They a re  w iden ing  to w ard s  th e  e a s t ,  and i t  i s  l i k e l y  t h a t  

they ex tend  f o r  some d is ta n c e  in to  H u s f jo rd , and may even  p ass  so u th  o f 

Husf jo rd n e s s .
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STRUCTURE AW  ET-iPLACEimT OF THE MAJOR I IHPRUSIONS 

In tro d u c t io n

I t  i s  im p o rtan t t o  c o n s id e r  th e  em placem ent mechanisms of th e  

p r in c ip a l  m ajor i n t r u s io n s ,  and in  p a r t i c u l a r  t h e i r  r e l a t io n s h ip s  

to  th e  t e c to n ic s  o f th e  a r e a .  These b o d ie s  a re  s h e e t - l ik e  in  form , 

and were em placed d u rin g  th e  C aled o n ian  orogeny , p ro b a b ly  a t  g r e a t  d e p th s . 

Buddington (1959) s t a t e s  t h a t  conform able s h e e ts  ( in c lu d in g  l a c c o l i t h s ,  

p h a c o li th s ,  e t c . )  a re  th e  norm al ty p e  o f s y n te c to n ic  p lu to n ic  i n t r u s io n  

in  th e  ca tazo n e  (ap p ro x . 7 - 1 2  m ile s  d e p th ) .

The em placem ent o f th e  p lu to n ic  b o d ie s  in  th e  H u s fjo rd  a r e a  i s  

c lo se ly  r e l a t e d  to  th e  m ajor s t r u c tu r e s  in  th e  c o u n try  ro c k s ,  e s p e c ia l ly  

so s in ce  th e y  were em placed s y n te c to n ic a l ly .  Thus r e fe r e n c e  w i l l  be 

made to  th e  m ajo r r e g io n a l  s t r u c tu r e s  d is c u s s e d  on p . 41 , and shown 

in  F ig s . 8 , 9 , and 10 .

Husf jo rd  M etagabbro

T his form s a  sub co n co rd an t s h e e t  w hich was em placed d u rin g  th e  

very l a s t  s ta g e s  o f th e  F% f o ld in g .  I t  was em placed a lo n g  th e  upper 

limb of th e  F]_ Kuvik F o ld  (F ig . 13A; c f .  F ig s .  9 and lO), a lth o u g h  i t s  

s lig h t d isc o rd a n c e  shows t h a t  i t  was n o t em placed e x a c t ly  a long  th e  

banding in  th e  m e tased im en ts . The m etagabbro p a s se s  up th ro u g h  th e  

m etasedim entary s u c c e ss io n  to w ard s th e  n o r th - e a s t ,  and th e  degree  of 

discordancy in c r e a s e s  in  t h i s  d i r e c t io n .

In  th e  L a n g stra n d  a r e a  th e  h in g e  o f th e  Kuvik F o ld  i s  seen  

(Roberts, 196$) ; th u s  as  th e  H u s fjo rd  m etagabbro i s  t r a c e d  tow ards th e
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n o r th -e a s t  i t  i s  ap p ro ach in g  th e  h in g e  o f th e  F]_ f o ld .  T h is  p ro v id e s  

an e x p la n a tio n  f o r  th e  way in  w hich i t  moves up th ro u g h  th e  s u c c e ss io n  

and becomes p ro g re s s iv e ly  more d is c o rd a n t  tow ards th e  n o r th - e a s t .  T h is  

r e la t io n s h ip  i s  d em o n stra ted  c l e a r l y  in  F ig . I 3B, w hich shows th e  p o s i t io n  

of th e  m etagabbro  a f t e r  th e  f i r s t  s ta g e s  of th e  F2 f o ld in g .  Thus i t  

would appear t h a t  th e  m etagabbro s h e e t h as. been  em placed s u b - p a r a l l e l  

to  th e  a ic ia l p la n e  of th e  F^ f o ld ,  and because  of th e  t i g h t l y  i s o c l i n a l  

n atu re  of th e  f o ld ,  th e  s h e e t  i s  s u b p a r a l l e l  t o  th e  band ing  on th e  lim b s 

of th e  f o ld ,  b u t d is c o rd a n t  a t  i t s  h in g e . I t s  em placem ent c l e a r l y  p o s t

dates th e  fo rm a tio n  of th e  F^ f o ld  s in c e  i t  i s  n o t b e n t round th e  F^ 

fo ld -c lo s u re .  T h is  i s  d e m o n stra ted  w e ll  in  F ig .  2 from  Rame^ and S tu r t  

(1963) in  w hich a gabbro s h e e t i s  shown to  be p o s t  F]_ s in c e  i t  i s  n o t 

fo lded by an Fy s y n c l in a l  f o ld .

The H u sfjo rd  m etagabbro  c o n ta in s  a  number o f x e n o l i th ic  r a f t s ,  

mainly of m e ta lim e s to n e , w hich have b een  d e s c r ib e d  on p . bO . I t  h as 

been suggested  by some w orkers in  th e  g e n e ra l  r e g io n  ( e .g .  K rauskopf,

195^5 Oosterom, 1954.) t h a t  th e  p re se n ce  of m e ta lim esto n e  r a f t s  in  gabbro 

in d ic a te s  t h a t  th e  gabbro  was a p ro d u c t o f extrem e metam orphism , and t h a t  

the r a f t s  r e p re s e n t  p a r t s  which have n o t become co m p le te ly  g ab b ro ized .

In  the H u sfjo rd  m etagabbro  th e r e  i s  no ev id en ce  to  su g g e s t t h a t  i t  i s  

3- product of extrem e m etam orphism , and th e  r a f t s  a re  in t e r p r e t e d  as 

x en o lith ic  in c lu s io n s  e n c lo se d  w ith in  th e  gabbro magma. Thus th e y  p ro v id e  

an im portant c lu e  t o  th e  emplacement mechanism o f th e  m etagabbro .

The r a f t s  occur n ea r  th e  metagabbro* s n o r th e rn  m argin  and a ls o  j u s t

to  the n o r th  o f th e  H av n e fjo rd  d i o r i t e .  I t  i s  c o n s id e re d  t h a t  th e y  had 

not been moved f a r ,  i f  a t  a l l ,  from  t h e i r  o r ig in a l  p o s i t io n s ,  s in c e  i t
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appears th a t the gabbro magma enveloped these r a f t s  without d isturb ing  

them g r ea tly . The Havnefjord d io r ite  i s  a lso  f u l l  o f metasedimentary 

and metagabbroic r a f t s ,  and i t  i s  considered th at the area now occupied  

by the d io r ite  was formerly a large  lens-shaped screen of country rocks. 

This exp la in s the presence o f the m etalimestone r a f t s  in  the metagabbro 

so far from i t s  outer con tact. The metalimestone b e lt  appears to  have 

been tran sected  by the incoming gabbro magma so th a t part o f i t  provided 

r ^ t s  a t the outer gabbro co n ta ct, and part provided r a f t s  a t the inner 

subsidiary contact w ith the metasedimentary screen . Thus the emplace

ment of the gabbro involved s p l i t t in g  the m etasediments, for  the most 

part approximately along th e ir  banding, and shouldering them apart to  

allow i t s  en try . The actu al plane of entry appears to  be p a r a lle l  to  

the ax ia l plane o f the Fj f o j ld ,  and i t s  entry must have been guided by 

the tec to n ic  s tr e s s  f i e ld  operating a t the tim e.

There i s  no evidence o f deform ation in  the country rocks to  suggest 

that the emplacement of the gabbro was very fo r c e fu l. I t  has c le a r ly  

entered along a plane of weakness in  the country rock s, and has not 

had to  exert a great deal o f pressure to  ensure i t s  emplacement. In 

other words, the gabbro emplacement was of a f a ir ly  perm issive nature.

A perm issive in tru sio n  has been described by P irsson  (1914) as a 

type of in tru sion  in  which the magma i s  emplaced by flow ing in to  space 

that has been opened fo r  i t  by some force  other than one exerted by the  

invading magma. Such a force  could be te c to n ic , the magma flow ing in to  

cavities created by te c to n ic  s tr e s se s  (D ie tr ich , 1954) • I t  i s  consi

dered that such a mechanism operated during the emplacement of the
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H u sfjo rd  m etagabbro .

The la rg e  screen of country rock which i s  considered to  have been 

preserved w ith in  the gabbro appears to  have been qu ite  complex, and 

not a sim ple, s in g le  screen c o n s is t in g  e n t ir e ly  of metasediment. W ithin 

the Havnefjord d io r it e ,  which now occupies t h is  former screen , there  

are sometimes tr a in s  o f metagabbro r a f t s  occurring between the tr a in s  

of metasedimentary r a f t s .  This in d ica tes  th a t the screen was i t s e l f  

a complex o f sm aller subsid iary  screens separated by narrow sh eets of 

metagabbro. These minor metagabbro sh eets must have been subconcordant, 

and were presumably connected w ith the main metagabbro body. The term 

Stromatolith was proposed by Foye (19 1 6 ) fo r  a rock mass c o n s is t in g  of 

many a ltern a tin g  la y er s  o f igneous and sedimentary rocks in  s i l l  r e la t io n 

ship. Although the rocks described  by Foye formed an o vera ll dom e-like 

structure, i t  i s  proposed to  apply t h is  appropriate term to  the pre- 

diorite form o f the intragabbroic screen complex.

In summary then , the Husfjord metagabbro was emplaced as a sheet 

along the upper limb o f the Kuvik Fold , probably p a r a lle l  to  the a x ia l  

plane of that f o ld .  I t s  emplacement was o f a perm issive nature, and a 

large screen of country rock was formed, which had the form of a

stromatolith.,

H avnefjo rd D i o r i t e

The emplacement of the Havnefjord d io r ite  occurred sdCter the peak 

oT the regional metamorphism, and was syn tecton ic  w ith resp ect to  the 

2̂ movements. I t  has been emplaced in to  the steep ly  overturned limb
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of the con tinu ation  of the ?2  Lang strand Antiform (F ig . I 3G; c f .  F ig s ,

9 and 1 0 ) ,  and has been deformed by the la t e  F2 movements, although  

the main F2 fo ld in g  must have commenced before the d io r ite  emplacement 

since the d io r ite  has been emplaced along the limb o f an already  

formed F2 fo ld .

The d io r ite  contains a large  number of r a f t s  as described on 

p. Bb . Again, there i s  no evidence th at the d io r ite  was formed in  

situ  as a product o f high-grade reg io n a l metamorphism, and the r a f t s  

are interpreted  as x en o lith s  enclosed  the invading d io r it ic  magma.

It i s  not p o ss ib le  to  a scer ta in  in  every case whether or not the r a f t  

has been reo r ien ta ted . In cases where the dip o f the metasediments in  

the r a ft  i s  p a r a lle l  to  the reg ion a l dip in  the country rocks, then i t  

i s  probable th a t the r a f t  has not been reo r ien ta ted . In those cases  

where the dip o f the metasediments (which i s  u su a lly  p a r a lle l  to  the 

plane of the r a ft )  i s  su b v ertica l, the evidence i s  more equivocable; 

the v e r t ic a l i ty  may be due to  r e o r ie n ta tio n , or to  a p r e -d io r ite  v e r t ic a l  

attitude of the metasediments on a lo c a l  s c a le . In e ith e r  case , they  

probably have not been moved fa r  from th e ir  o r ig in a l p o s it io n s , p a r ti

cularly since the d is tr ib u tio n  of the d if fe r e n t  l i th o lo g ie s  of the  

metasedimentary r a f t s  r e f le c t s  the stratigrap h y  o f the country rocks 

outside the complex. This la t t e r  point i s  a lso  important in  demonstra- 

■ting that the stro m a to lith ic  screen complex enclosed  w ith in  the Husfjord 

metagabbro cannot have been d isp laced  much, i f  a t a l l ,  from i t s  or ig in a l 

position..

Although the ra fts  in  the d iorite are s lig h tly  mixed, there is  in
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general an orderly su ccession  across the d io r ite  body; m etalim estones 

and c a lc - s i l i c a t e - s c h i s t s  in  the north, and rusty-w eathering psammites 

and se m i-p e lite s  in  the south. The former are corre la ted  with the calc- 

s i l ic a t e - s c h is t  w ith m etalim estones group, and the la t t e r  probably with  

some of the B reivik  Group. The s l ig h t  mixing shows th at there was 

probably some r e la t iv e  movement w ith in  the d io r ite  body, which must 

presumably have been in  the form of a magma. However, the r e l i c t  stra 

tigraphy preserved w ith in  the d io r ite  shows th at even i f  the d io r ite  

magma i t s e l f  tr a v e lle d  some d istan ce  from i t s  place of form ation, i t s  

enclosed r a f t s  have not been moved fa r  from th e ir  o r ig in a l p o s it io n s .

The Havnefjord d io r ite  has many c h a r a c te r is t ic s  in  common with the  

Main Donegal G ranite, described by P itch er  and Read (1959)> and a lso  

certain fea tu res in  common w ith the Thorr G ranodiorite, Co. Donegal, 

described by P itcher (1953a). Both th ese  bodies are o f Caledonian age 

and were assoc ia ted  w ith the Caledonian orogeny. However, whereas the 

Havnefjord d io r ite  was emplaced syntec to n ic a lly  in  the middle of the  

orogeny, the Donegal examples are considered by both P itch er  and Read 

to have been emplaced ju s t  a fte r  the main erogenic even t, and thus to  

he p ost-tecton ic ..

The Main Donegal Granite contains a large  number of free-swimming 

rafts of the country rock, occurring in  narrow zones. These r a f t s  vary 

in size from a few centim etres to  3C m. or more in  len g th , and can be 

related to  horizons in  the w a ll or ro o f. The tr a in s  o f r a f t s  run para^ 

l l e l  to the flow  pattern in  the g ra n ite , and although there i s  s l ig h t  

mixing, there i s  an orderly su ccession  o f l i t h o lo g ic a l  types across the
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gran ite. Nowhere i s  there a very strong rea c tio n  between the granite  

and the en c la v es, but i t  i s  s l ig h t ly  more marked in  the cen tra l zones.

The r a f t s  are in terp reted  by P itcher and Read (o p .c i t . )  as m aterial 

torn from the roof and w a lls  by the magma, which probably moved la t e r a l ly  

towards the south-w est as suggested  by the divergence of the r a f t  tr a in s  

in th is  d ir e c t io n .

The Thorr G ranodiorite a lso  conta ins numerous r a f t s  o f metasediments 

and am phibolites which vary from a few centim etres to  about 800 m. in  

length. The la rg er  ones have trends concordant w ith the s tr ik e  and 

dip of the country rocks, but the sm aller x en o lith s near the r a f t s  are 

disorientated.- Psammites and am phibolites have sharp con tacts with the  

host, but p e l i t i c  margins are grad ation a l, and are being a ssim ila ted  

by the gran od ior ite . P e l it e s  and se m i-p e lite s , e s p e c ia l ly  the small 

xenoliths, are o ften  becoming feld sp ath ized .. Calcareous r a f t s  form th ick  

elongate le n s e s . P itcher (op. c i t . )  considers th a t there i s  evidence 

for a m obile, probably very v isc o u s , magma ( e .g .  the d iso r ien ta tio n  of  

some of the r a f t s ) ,  but a lso  th a t there i s  evidence fo r  m igm atitic  

replacement in  s i t u  ( e .g .  the conform ity o f  the large  r a f t s  with the 

regional stru ctu re , and the d i f f e r e n t ia l  replacement of the various 

l ith o lo g ic a l types according to  th e ir  r e la t iv e  r e s is ta n c e s  to  assim i

la tio n ). He s ta te s  th a t i t  i s  d i f f i c u l t  to  determine with certa in ty  

which of these mechanisms was in  operation , but i f  the la t t e r  was the case , 

then there must a lso  have been some very s l ig h t  movement w ith in  the 

ô<3y. In any c a se , i t  appears to  have been a chem ically  rea c tiv e  empla

cement, in  which the magma reacted  stron g ly  w ith i t s  country rocks and
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in c lu sion s (P itch er  and Read, I 9 6 3 ) .

The Havnefjord d io r ite  contains some very large  r a f t s ,  mainly 

near i t s  northern margin. These r a f t s  have apparently been s l ig h t ly  

mixed, and p o ss ib ly  reo r ien ta ted , although a general r e l i c t  s tr a t ig r a 

phy i s  maintained through the body. However, the evidence th at there  

has been r e la t iv e  movement between the r a f t s  w ith in  the d io r ite  i s  

considered s u f f ic ie n t  to  in d ica te  th a t the d io r ite  must have been 

e s se n t ia lly  a m obile magma.

The Havnefjord d io r ite  i s  regarded as being more analogous to  

the Main Donegal Granite than to  the Thorr Granodior i t e ,  although i t s  

mechanism of emplacement i s  b e lieved  to  be a l i t t l e  d if fe r e n t . In 

the Donegal G ranite, emplacement i s  considered to  be by la t e r a l  wedging 

(Pitcher and Read, 1959), but in  the Havnefjord d io r ite  t h i s  appears to  

be an u n lik e ly  mechanism. I t  i s  d i f f i c u l t  to  determine the d irec tio n  

of elongation , w ith in  the three-dim ensional framework, o f the r a f t s  in  

the Havnefjord d io r it e ,  but the trends o f the r a ft s  do not suggest a 

la tera l movement. Furthermore, the d io r ite  tongues out a t e ith e r  end 

horizontally , thus making la t e r a l  emplacement most u n lik e ly .

Dr. C, F. Tozer in  the d iscu ssio n  on P itch er  and Read’s paper 

(1959) suggested th a t the fa c t  th a t the r a f t s  in  the Donegal Granite 

represent w all-rocks a t  the present surface i s  a c r ite r io n  for  horizon^ 

te l  movement. He considered th a t v e r t ic a l  movement would bring sediments 

up from lower l e v e l s .  This might be true i f  i t  were known th at the  

rafts have arrived  a t th e ir  present p o s itio n s  from elsew here. I f ,  on 

"the other hand, the r a f t s  have not been moved fa r , then i t  seems to  the
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present w riter  th a t they w i l l  indeed represent w all-rock s which occur 

at the present su rface , even i f  the emplacement of the host was in  a 

v e r tic a l d irec tio n .. Thus i t  i s  considered th a t the r e l i c t  stratigraphy  

in the Havnefjord d io r ite  does not prevent a v e r t ic a l  emplacement o f the 

magma being p o stu la ted .

Prof. W. D. G i l l ,  a lso  in  the d iscu ssio n  on P itch er  and Read’ s 

paper (1959) pointed out th at there appeared to  be a space problem 

because the country rocks did not g ive any evidence of fo r c e fu l wedging 

apart by the g r a n ite . He favoured major slop in g  as a b e tte r  explanation .

There i s  no evidence in  the envelope of the Havnefjord d io r ite  

for fo rce fu l emplacement o f the d io r it e ,  but a mechanism o f major slop ing  

is  not invoked to  exp la in  i t .  This d io r ite  body was emplaced in to  the  

steep limb of an F2 during la te  sta g es of the F2 movements. The 

site  of i t s  emplacement was the prism atic le n t ic u la r  stro m a to lith ic  

complex in  the cen tra l part o f the Husfjord metagabbro. This stroma

to lith  would have been stron g ly  lam inated in  comparison w ith the sur

rounding more m assive metagabbro. During the development of the la te  

F2 arcuate c r o s s - fo ld , there would have been a compressional force  

operating a t the nodes of 'the le n t ic u la r  strom ato lith , and a ten sio n a l  

force at r ig h t angles to  t h is  d ir ec tio n  (F ig . 14A). This would cause 

the members of the lam inated strom ato lith  to  p u ll apart from one another, 

leaving c a v it ie s  or planes o f weakness between them. This process i s  

analogous to  the behaviour o f a sheaf o f papers which are compressed 

 ̂ d irection  p a r a lle l  to  th e ir  planar su rfaces (F ig . I 4B). Ag the 

cross-fold developed, d if f e r e n t ia l  movement between members of the
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strom atolith  would a lso  tend to  occur» This environment would provide 

an id ea l s e tt in g  for  the recep tion  of any magma which might be attempt

ing to  r is e  from depth, and in  the case under d iscu ss io n , th is  zone of 

weakness appears to  have received  the Havnefjord d io r ite  magma (F ig .

UC ).

Since the space fo r  the magma was created by te c to n ic  fo rces during 

the development of a fo ld , i t  i s  c lea r  th a t the magma did not have to  

force an en try , and thus there i s  no evidence to  th is  e f f e c t  in  i t s  

envelope. The emplacement of the Havnefjord d io r ite  provides an ex ce llen t  

example of a tr u ly  perm issive in tru sion  as envisaged by P irsson  (1914) ; 

i t  rose in to  the c a v it ie s  and zones of weakness formed in  the Strom atolith  

by tec ton ic  fo r c e s . The larger  r a f ts  probably represent r e l i c t  metase

dimentary screens of the o r ig in a l strom ato lith , and may w e ll be v ir tu a lly  

undisturbed.

Barker (I 9 O9 ) introduced the term p h aco lith  fo r  a concordant 

intrusive body introduced concurrently w ith fo ld in g . This i s  a general 

term, and the h a b it, magnitude, and form of the phacolith  i s  determined 

by circumstances of the fo ld in g  and mechanism of in tru sion . In general 

i t  has, been emplaced in to  the hinge region  o f a developing fo ld , and has 

a meniscoid or le n t ic u la r  (concavo-convex) form in  c r o ss -se c t io n .

The Havnefjord d io r ite  has a concavo-convex c r o ss -se c t io n , and i t  

is  a concordant body which was emplaced sy n tec to n ica lly . I t  f u l f i l l s  

the conditions required by B arker's ph acolith  concept, and i t  i s  proposed 

to c la s s ify  the d io r ite  body as a p h aco lith .

p articu lar type of p h aco lith ic  body which i s  sick le-shaped  and
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which was emplaced contemporaneously with the form ation of c r o ss -fo ld s  

in  steep ly  fo ld ed  rocks has been named a harp olith  by Cloos# However, 

a harpolith  i s  an e s s e n t ia l ly  discordant body of s ic k le  shape, resem bling  

in form, though not in  stru ctu ra l r e la t io n s , a t i l t e d  p h aco lith . I t  has 

been emplaced in to  p rev iou sly  deformed rocks and has then been stretched  

together w ith i t s  host h o r izo n ta lly  in  the d ir ec tio n  of maximum orogenic 

displacement (Daly, 1933). Thus the Havnefjord d io r ite  i s  not a true  

harpolith , and i t  i s  maintained that a ste ep ly  plunging phacolith  i s  the 

most appropriate term to  describe i t .

The mode o f emplacement of the Havnefjord d io r ite  and i t s  r e su ltin g  

structure i s  of importance in  the consid eration  of the emplacement of 

the la te  d io r ite  s ,  p a r ticu la r ly  the pyroxene-mica d io r ite  s .

I t  has been remarked th at these coarse-grained la t e  d io r ite s  are 

c lo se ly  associa ted  in  the f i e l d  with the metasedimentary r a f t s .  I t  i s  

clear that in  the model o f emplacement proposed fo r  the Havnefjord d io r ite ,  

the planes p a r a lle l  to  the banding o f the metasediments in  the laminated 

strom atolith w i l l  always be planes of weakness, e s p e c ia lly  i f  s l ig h t  

deformation i s  s t i l l  continuing a fte r  the emplacement of the Havnefjord 

d ior ite . There w i l l  s t i l l  be a tendency fo r  elongate c a v it ie s  to  form 

in the neighbourhood o f the large metasedimentary screens or r a f t s ,  in  

particular along th e ir  boundaries. I t  i s  a t ju s t  such l o c a l i t i e s  that 

the la te  d io r ite s  are most commonly found. They have m anifestly  r isen  

alongside the metasedimentary r a f t s ,  the magma flow ing in to  c a v it ie s  

created for  i t  by tec to n ic  fo r c e s . In many cases the magma has picked 

blocks of metasediment on the way, as the abundance o f xen o lith s
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shows* The la r g e , w ell-preserved  x en o lith s appear not to  have been 

carried fa r , but the sm all, h ig h ly -d ig ested  in c lu sio n s were probably 

brought up from deep le v e ls ,  where the chemical energy would have been 

higher.

Thus i t  i s  proposed th a t the la te  d io r ite s  are a lso  examples of 

permissive in tru sio n , emplaced synchronous w ith la te  ?2  movements.

Vatna Gabbro

This gabbro i s  probably a sh e e t- lik e  body dipping s te ep ly  towards 

the south, although i t s  true form i s  not known in  d e ta i l .  I t s  emplace

ment was probably complex, a fa c t  suggested by the presence of f in e 

grained au to lith s*

The hypersthene gabbro of Ardnamurchan contains lon g , narrow, 

p ara lle l-s id ed  x en o lith s which are an early  c h il le d  fa c ie s  of the gabbro 

(Wells, 1953). These x en o lith s have been metamorphosed, and there i s  

a gradation from o r ig in a l gabbroic tex tu res to  e n t ir e ly  gran u litized  

textures in  a p a r t ia lly  r e c r y s ta ll iz e d  x en o lith .

In the Freetown layered  b asic  complex of S ierra  Leone there are 

some pyroxene gran u lite  x e n o lith s , a t le a s t  some of which are believed  

to be cognate, having been formed by granulation and r e c r y s ta lliz a t io n  

of the normal gabbroic and t r o c t o l i t i c  host rock in  s i t u  (W ells, 19^2). 

Wells considers th a t th is  supports a hypothesis o f m ultip le  in trusion  

Tor the complex. Thus in  these examples the in c lu sio n s are considered  

to be of the same rock-type as the h o s t , which has been a ltered  by 

8-utometamorphisra.
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The a u to lith s  of the Vatna gabbro may have a sim ilar o r ig in . 

However, i t  i s  d i f f i c u l t  to  be sure from the textu re of the Vatna 

a u to lith s  whether or not they have been metamorphosed by the surround

ing gabbro, fo r  the la t t e r  has an open, somewhat granular tex tu re , 

sim ilar to  th at of the in c lu s io n s . As fa r  as can be ascerta in ed , in  

sp ite  of the sm allness o f g r a in -s iz e , the mineralogy of the a u to lith s  

is  the same as th a t of the h o s t , and hence appears not to  have been 

s ig n if ic a n t ly  metamorphosed. Furthermore, there are none which are 

obviously only p a r t ia lly  r e c r y s ta lliz e d .

When a body of magma i s  emplaced in to  i t s  h o st, i t  w i l l  in  general 

begin to  s o l id i fy  f i r s t  a t i t s  margins, p a r ticu la r ly  i t s  ro o f. As 

c ry sta lliz a t io n  proceeds, marginal parts of the body might be so lid  

while cen tra l parts are s t i l l  molten. I f  c r y s ta l l iz a t io n  i s  allowed  

to  be completed undisturbed, a comparatively homogeneous rock should 

resu lt. However, i f  a t a stage where only p a r tia l c r y s ta l l iz a t io n  has 

taken p lace, there i s  a resurgence o f the magma from below, then i t  i s  

possible fo r  autob recciation  to  occur. The second phase of magma intru

sion might rupture the early-form ed marginal fa c ie s  so th at by the 

time i t  reaches i t s  u ltim ate p o s itio n  o f emplacement i t  contains numerous 

autoliths of the early  fa c ie s .

I t  i s  suggested th at th ese  a u to lith s  are r e l i c s  o f an ea r ly , f in e 

grained, probably marginal, fa c ie s  o f the gabbro which have become 

autobrecciated and engulfed in  a la te r  f a c ie s .  They are p ossib ly  sim ilar  

^  origin to  the fin e-gra in ed  fa c ie s  in c lu sio n s in  the hyper sthene 

gabbro of Ardnamurchan, but in  t h is  case there appears to  be no marked
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autome tain orphie e f f e c t .  The process envisaged i s  q u ite  l ik e ly  to  have 

occurred sin ce  the contact of the body i s  near to  the north, where a 

fin e-gra ined  marginal fa c ie s  might have formed.

Thus i t  would appear that the emplacement of the Vatna gabbro was 

not a simple event but co n sisted  of a t le a s t  two phases, probably 

follow ing one another quite qu ick ly . The f in a l  phase o f emplacement was 

probably accompanied by the emplacement of the p e r th o s ite s , which 

became lo c a l ly  mixed with the gabbroic magma. This further com plication  

i s  d iscussed in  a sso c ia tio n  with the emplacement of the p er th o sites  

(P.141 ) .
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THE MINOR INTRUSIONS

Introduction

The Husfjord igneous complex contains a number of minor in tru sio n s. 

These are a com paratively la te  phase in  the h is to r y  o f the emplacement 

of the complex, and are emplaced in to  the major bodies th a t have already  

been described.

They include basic  dykes, p erth osite  sh ee ts , and n ep h elin e-syen ite  

pegm atites. There are a t le a s t  two phases of dyke emplacement, one 

pre-dating the p e r th o s ite s , and one p ost-d atin g  them. The minor 

intrusions w i l l  be described in  the order in  which they were emplaced.

EARLY BASIC DYKES

The ear ly  basic  dykes are those which pre-date the p e r th o s ite s , 

and the evidence for  th e ir  p re-p erth osite  age i s  the fa c t  th at they  

occur as x e n o lith ic  in c lu sio n s w ithin some o f the p erth osite  sh eets. 

The reason fo r  considering these xen o lith s as dyke m aterial i s  two

fo ld . F ir s t ,  the morphology of the x en o lith s  suggests th a t they were 

present as dykes in  the h ost rock before the emplacement of the per

th osites (see  under P e r th o s ite s , p .l3 ü  )• Second, sim ilar rock types 

occur as dykes in  the host rock outside the p e r th o s ite s .

The most common of th ese  ear ly  dykes are porphyritic am phibolites. 

These have numerous w hite-w eathering, subhedral to  anhedral feld spar  

phenocrysts, which give them a d is t in c t iv e  white spotted appearance.
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Their occurrence in  the Husfjord metagabbro ju s t  outsid e the perth osite  

sh eets confirms th e ir  dyke character. They post-date  the shearing  

of the metagabbro sin ce  they are not fo l ia te d  l ik e  the metagabbro in  

which they occur. R e lic t  con tacts between these dykes and the meta

gabbro have been preserved w ith in  the p er th o site s  (see  under Pertho

s i t e s ,  p. 140 )♦- A sim ilar  porphyritic dyke rock occurs in  the northern

most gabbro sheet a t S lS tten , and here again, both the gabbro and the 

porphyritic dykes are intruded by p e r th o s ite , making th e ir  r e la t io n 

ships obscure.

Another type of ear ly  dyke i s  a f a i r ly  coarse p e r id o t ite . This 

forms a brown-weathering, knobbly rock and occurs as an in c lu sio n  

within p e r th o site . I t  i s  d iffe r e n t  from the u ltra b a sic  le n se s  in  the 

Husfjord metagabbro, which were of t r o c t o l i t e .  The p e r id o tite  preceded 

the porphyritic basic  dykes sin ce i t  i s  cut by one of th ese  dykes.

This contact i s  preserved as a r e l ic  in  an in c lu sio n  w ith in  a pertho

s ite  sh eet.

In the Komagfjord area there are a lso  a number of dyke-like bodies 

of a grey pyroxene-homblende d io r ite  which occur both outside and 

within the p e r th o s ite s . They post-date the Komagfjord d io r ite  since  

they cut the fo l ia t io n  in  the la t t e r .

There i s  evidence th a t there were a lso  p re-p erth osite  fin e-gra in ed  

basic dykes. This evidence i s  provided by x en o lith s of fin e-grained  

amphibolite in  an outcrop of Komagfjord d io r it e ,  which in  turn forms 

a raft w ithin  p er th o site .

Further discussion on the morphology of the early dyke xenoliths 

appears in the next section.
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PERTHOSITES

The p e r th o site s  c o n s is t  almost e n t ir e ly  o f h a ir -p e r th ite , and 

weather to  a pink or ye llow ish  co lou r, and g r a in -s iz e  i s  variab le  

from f in e  to  medium. They occur in  two areas; one i s  the southern 

shear-belt in  the Husfjord metagabbro, and the other i s  in  the Vatndal 

area north of Vatna.

The former area runs from the e a st  sid e  of Komagfjord, over Komag

akslen to  the west sid e o f Husfjord. In th is  b e l t ,  the p er th o sites  

form sheets o f g rea tly  varying dim ensions. In the co a sta l reg ion s, 

they are a few metres or ten s of metres in  w idth, although in  some 

places they tongue out in to  narrow irregu lar  ve in s (P la te  7 7 ). On 

the top of Komagakslen, there i s  a broad p erth o site  which appears 

to  branch in to  numerous separate sheets towards the south-w est; th is  

region i s  obscured by exten sive  mountadn-top screes o f p erth osite  

blocks. Among th ese  blocks there are a lso  sane q u a r tz it ic  metasedimen

tary b locks, which may represent x e n o lith ic  m aterial in  the pertho

s ite s .

Although p e r th o site s  are fa ir ly  common in  the sh ea r -b e lt, which 

niust have provided planes o f easy entry fo r  the p e r th o s ite s , they are 

not confined to  t h is  zone, but a lso  occur ju s t  to  the sou th-east of 

the sh ear-b elt. These p er th o site s  freq u en tly  contain r e l i c s  o f Husfjord 

metagabbro, Komagfjord d io r it e ,  and p re-p erth osite  dykes, and these w il l  

be described on p. 133 .

The second area in  which p er th o sites  occur i s  the Vatndal area.

Here, the p er th o sites  form sh eets up to  severa l ten s of metres in



P la te  77* Thin  p e r th o s i t e  v e in s  i n  H u sfjo rd  
m etagabbro* W* H usfjo rd*
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width trending in  a N.W.-S.E* d ir ec tio n . These sh eets cut both the 

Husfjord metagabbro and the Vatna gabbro. Some sh eets cross from 

the former in to  the l a t t e r ,  and there appears to  be a general tendency 

for them to  splay out and branch when they occur in  the Vatna gabbro.

In many c a se s , the ends of the p e r th o site s  in  the Vatna gabbro 

are d iffu se  and merge w ith pink-weathering, a n tip erth ite -b ear in g  gabbro. 

Study of th in  sec tio n s  shows th a t there i s  a gradation from o liv in e -  

gabbro through a n tip e r th it ic  o liv ine-leucogabbro and m elaperthosite  

to p r a c t ic a l ly  pure p e r th o site . I t  i s  c lea r  th a t in  p laces the per

th o site  and o liv ine-gabbro magmas must have become mixed, p a r ticu la r ly  

around the p er th o site  in tr u sio n s . An explanation  fo r  th is  i s  consi

dered on p. 1 4 1 , where the emplacement of the p e r th o site s  i s  d iscu ssed .

The Vatna gabbro has been intruded by a number of basic  dykes, 

and these a lso  cut the Vatna p erth osites#  Hence there was a phase of 

dyke emplacement p o st-  dating the p e r th o s ite s .

X enoliths in  P erth osites  

The p er th o site s  which occur in  and near the Husfjord metagabbro 

shear-belt commonly contain  x e n o lith ic  in c lu sio n s o f e a r lie r  rocks. 

These are p a r ticu la r ly  w e ll d isplayed on a small peninsula in  Komag- 

Tjord, where there are complex r e la tio n sh ip s  between the p erth osites  

and the in c lu s io n s .

Here, p er th o site  forms branching sh ee ts , severa l ten s of metres 

wide, which trend a t about 05CP- 070®. I t  i s  p in k ish -yellow  in  colour
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and gen era lly  f a ir ly  f in e -g ra in ed , and in  one p lace the margin i s  very 

fin e-gra in ed  and appears to  be c h ille d  against the h ost-rock . The 

mafic content of the p erth osite  i s  f a ir ly  var iab le; in  general i t  i s  

almost e n t ir e ly  free  from mafic m inerals, but in  p la c e s , gen era lly  near 

the margins, m afics are conspicuous. In these parts where the m afics 

are abundant, there i s  o ften  a preferred or ien ta tion  of the mafic 

minerals p a r a lle l  to  the sheet margins, and th is  appears to  be a flow  

orientation .. The x en o lith s include f iv e  rock-types; Husfjord metagabbro, 

porphyritic basic  dyke, p e r id o t ite , Komagfjord d io r it e ,  and basic d io r ite , 

In the cen tra l parts of the p e r th o s ite s , the x en o lith s  are not 

large , ranging in  s iz e  from a metre or so down to  a few m illim etres  

in len gth . Here, x en o lith s  of d iffe r e n t  rock types are juxtaposed in  

a haphazard way (P la te  7 6 ) . They are u su a lly  p la ty  in  form, and are 

orientated p a r a lle l  to  the p erth o site  margins and the flow  lam ination, 

where th is  la t t e r  i s  ev id en t. They are gen era lly  somewhat angular, and 

at th e ir  margins th in  v e in s of p er th o site  frequ en tly  penetrate in to  

them, wedging fragments o f f  the edges o f the blocks (P la te  7 6 ) .  The 

shapes of the blocks appear to  depend to  a large  exten t upon the rock 

types. The Husfjord metagabbro o f the x en o lith s i s  commonly fo l ia te d ,  

and as a r e su lt  the x en o lith s  tend to  be long and thin> elongated  

paralle l to  the f o l ia t io n .  The p e r id o tite  and the porphyritic basic  

^ k es are not f o l ia t e d , and these tend to  form broader, more angular 

blocks (P late 7 6 ) . However, o cca sio n a lly  the porphyritic basic  dyke 

material does form long irregu lar  x en o lith s  which in  p laces have been 

sp lit  in to  s l iv e r s  by the penetrating p er th o site  (P la te  79)#



P la te  7 8 . Mixed x e n o l i th s  
in  p e r th o s i t e ;  dark  b lo ck  
i s  p e r i d o t i t e ,  s p o tte d  
b lo ck s  a re  p o r p h y r i t ic  dyke, 
p l a in  b lo c k s  a re  H u sfjo rd  
m etagabbro . K om agfjord.

' i|p ï
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P la te  79 • P o r p h y r i t ic  
dyke x e n o l i th  s p l i t  by 
p e r th o s ite  v e in s .  
Komagfjord.
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The larger  blocks have sharply-defined margins, but th is  sharpness 

often  dim inished as the s iz e  of the x en o lith s  decreases, and th is  i s  

p a rticu la r ly  evident in  the case of the metagabbro x e n o lith s . The 

smaller ones gen era lly  have ragged edges, o ften  rather d if fu s e , and 

appear to  be becoming a ss im ila ted  by the p er th o site  (P la te  7 3 ).

In the neighbourhood o f the x e n o lith s , small s l iv e r s  and c lo t s  of 

basic rock, apparently metagabbro, o ften  occur streaked out p a r a lle l  

to  the d ir e c t io n  of e longation  o f the x en o lith s (P la te s  73 and 79)» 

Sometimes the margins of th ese  sm all in c lu sio n s are sharp, and some

times they are d if fu s e . O ccasionally  these s l iv e r s  a lso  occur away 

from the x e n o lith s .

The p er th o site  adjacent to  the x en o lith s  frequ en tly  appears conta^ 

minated (P la te  7 3 ) , and th is  may be due to  the a ss im ila tio n  of basic  

material Tqy th e  p e r th o s ite . D iffu se  contaminated patches a lso  some

times occur in  the p er th o site s  away frcan the x e n o lith s .

Towards the margins o f the p e r th o s ite s , the x en o lith s become larger  

and more coherent. In the larger  in c lu s io n s  r e l i c t  con tacts between 

the various rock types comprising the x en o lith s  occur, showing th e ir  

pre-perthosite r e la t io n sh ip s .

At the eastern  margin o f the Komagfjord p e r th o site , there i s  a 

raft of Husfjord metagabbro which has been penetrated and broken up 

^  invading p erth o site  (P la te  3 0 ). The end o f the r a ft  i s  irregu lar  

and ragged, and there are numerous detached s l iv e r s ,  some p a r t ia lly  

assim ilated , swimming in  the p erth osite  a t the margins. The r a ft  

contact i s  occasion a lly  s l ig h t ly  d if fu s e , and the neighbouring p erth osite



P late 8 0 . Raft o f Husfjord metagabbro in  p erth osite ;  
note the ragged ends and the neighbouring s l iv e r s  o f  
metagabbro• Komagfj ord.
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i s  contaminated. In p laces former extension  of the r a f t  can be in

ferred  by the areas o f contamination in  the p e r th o s ite . This i s  w ell 

shown in  P la te  80; in  the centre there i s  a broad tongue of metagabbro 

who&e le ft-h a n d  contact has a large  embayment in  i t .  However, a 

former p o s itio n  of th is  contact i s  ind icated  by the exten t o f the 

lozenge-shaped dark contaminated p erth o site  occupying the embayment.

This eastern  margin o f the p er th o site  trends a t about 055^ and i t s  

mafic m inerals are p a r a lle l  to  th is  d ir e c t io n . The trend of the 

metagabbro r a f t ,  however, i s  O3O®, and thus the r a f t  i s  discordant with 

the flow  stru ctu re . The f o l ia t io n  has not been traced r ig h t up^to the 

metagabbro con tact, for  the r a f t  i s  bordered by a zone of contaminated 

p erth osite , w ith metagabbro s l iv e r s ,  in  which the flow  structure i s  not 

displayed. But i t  i s  c lea r  th a t the r a f t  has not been orientated  para

l l e l  to  the flow , and i t  has probably not been detached from the host 

rocks.

Towards the western margin o f the p e r th o s ite , the metagabbro inclu 

sions become more numerous and much la r g e r , increasing  in  s iz e  as the 

margin i s  approached, u n t i l  there are large  r a ft s  o f metagabbro in  the 

P^erthosite. Here the metagabbro i s  markedly fo l ia te d , the fo l ia t io n  

strik ing a t O300 and dipping a t about 50® to  the w est. The entry of the 

perthosite here has c le a r ly  been guided by t h is  f o l ia t io n  and th is  

western margin i s  su b -p a ra lle l to  i t .  However, ju s t  outside the per

th osite  the metagabbro i s  not fo l ia te d , and here i t  i s  net-veined  by 

perthosite, which i s  white and s l ig h t ly  coarser-grained than the normal 

perthosite (P late  8 l ) .



P la te  8 1 . P e r th o s i te  n e t - v e in in g  m etagabbro j u s t  o u t
s id e  p e r th o s i te  s h e e t .  K om agfjord.

P la te  82 . R a f t and r e l i c t  
pseudo-dykes o f  H u sfjo rd  
metagabbro i n  p e r t h o s i t e .  
Komagfjord.



139

These r a f t s  are gen era lly  long and narrow, and frequ en tly  occur 

in  tra in s  elongated p a r a lle l  to  the fo l ia t io n .  They are o ften  exten

s iv e ly  veined by the p e r th o site , which penetrates along the fo l ia t io n  

planes (P la te  8 2 ). As the p erth osite  penetrates in to  the cracks i t  

generally  becomes coarser-grained , and com pletely free  from mafic 

m inerals.

The morphology of the metagabbro in c lu sio n s o ften  causes them to  

resemble r e l i c t  dykes which have sometimes become fragmented by the 

p erth osite . Since they c o n s is t  o f Husfjord metagabbro, the h o st, they  

cannot be dyke m ater ia l, and may be termed r e l i c t  pseudo-dykes (Good- 

speed, 1955). M iller  (1945) has described some long narrow xen o lith s  

which may be mistaken fo r  dykes, and th ese  pseudo-dykes are a lso  some

times "cut to  pieces" by the h o st.

Near the p erth o site  margins the porphyritic  basic dyke xen o lith s  

become larger  and approach th e ir  p re-p erth osite  dyke form (P late  83 ).

But even where a f a ir ly  coherent dyke occurs, i t  i s  invariab ly  frag

mented in to  angular blocks by penetrating v e in s  of p erth osite  (P la te  83) 

These dykes are not f o l ia t e d , so the p erth o site  ve in s are irregu lar  

since they cannot fo llow  any f o l ia t io n  p lan es. Further d iscu ssion  

on th is  ve in in g  of the in c lu sio n s appears when the emplacement of the 

perthosite i s  considered (p. 145 ) •

These porphyritic  basic dyke in c lu sio n s are known to  be of dyke 

material sin ce  a sim ilar rock-type occurs as dykes in  the Husfjord 

metagabbro ju s t  outside the p e r th o s ite , and furthermore, th e ir  trend 

is  subparallel to  the dykes outside the p e r th o site . Their present



P late  8 3 . R e lic t  porphyritic  dyke in  pertho
s i t e ;  note d isruption  o f dyke by d ila ta t io n a l  
mechanism. Komagfjord.
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d y k e -lik e  c h a r a c te r  must be a r e f l e c t i o n  o f t h e i r  o r ig in a l  dyke form , 

and th e y  may be term ed  r e l i c t  dykes. The o r ie n ta t i o n  o f th e s e  r e l i c t  

dykes i s  g e n e r a l ly  d is c o rd a n t  w ith  b o th  th e  p e r th o s i t e  m argin  and th e  

f o l i a t i o n  d i r e c t io n  o f th e  m etagabbro . P resum ably  th e y  have n o t been 

d is o r ie n ta te d  from  t h e i r  o r ig i n a l  p o s i t io n s  a s  dykes c u t t in g  a c ro s s  

th e  f o l i a t i o n  in  th e  m etagabbro ; t h i s  c r o s s - c u t t in g  r e l a t io n s h ip  i s  

shown by a  dyke o u ts id e  th e  p e r t h o s i t e .  S l iv e r s  o f  m etagabbro sometim es 

occur n e a r  th e  r e l i c t  d y k es , and th e s e  rem ain  p a r a l l e l  t o  th e  f o l i a t i o n  

d i r e c t io n  o f th e  m etagabbro .

The m arg ins o f th e  p o r p h y r i t i c  r e l i c t  dykes and th e  p o r p h y r i t ic  dyke 

x e n o lith s  a re  a lw ays sh a rp ; th e r e  i s  no ev id en ce  o f them becoming 

a s s im ila te d  by th e  p e r th o s i t e  a s  in  th e  case  o f th e  m etagabbro in c lu 

s io n s . I t  i s  e v id e n t  t h a t  th e y  have been  more r e s i s t a n t  t o  a t ta c k  by 

the p e r th o s i te  th a n  th e  m etagabbro , and t h i s  may be due t o  t h e i r  non

f o l ia te d  c h a r a c te r .

In  some o f  th e  l a r g e  r a f t s  th e  p r e - p e r th o s i t e  r e l a t io n s h ip  between 

the d i f f e r e n t  ty p e s  o f  in c lu s io n s  can  o c c a s io n a l ly  be se en . I n  one 

case a v e in ed  r a f t  c o n s is t s  o f a l t e r n a t in g  bands o f m etagabbro and 

sp o tted  dykes. A lthough  th e r e  i s  a  s l i g h t  m ixing o f th e  ro c k -ty p e s  

along th e  r e l i c t  c o n ta c t s ,  th e  g e n e ra l  a l t e r n a t io n  can  c l e a r ly  be 

d isce rn ed  ( P la te  8 4 ) . I n  a n o th e r  c a s e ,  th e r e  i s  a  sh a rp  c o n ta c t  betw een 

p o rp h y ritic  dyke ro c k  and p e r i d o t i t e  i n  a  r a f t  ( P la te  8 5 ) . The por

p h y r it ic  ro ck  form s a  dyke c u t t in g  th e  p e r i d o t i t e ,  and m ust th e r e fo re  

p o s t-d a te  th e  l a t t e r .  The dyke c o n ta in s  in c lu s io n s  o f  th e  p e r i d o t i t e ,

^ d  both  ro ck  ty p e s  a re  v e in e d  by p e r th o s i t e  in  an i r r e g u l a r  f a s h io n .
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P la te  8 4 . R e l i c t  c o n ta c ts  betw een p o r p h y r i t ic  dyke 
and d a rk e r  H u s fjo rd  m etagabbro , v e in e d  by p e r th o s i t e  
K om agfjord.



P la te  8 3 . R e l ic t  c o n ta c t  betw een p o r p h y r i t ic  dyke and 
dark  p e r i d o t i t e ,  v e in e d  by p e r t h o s i t e .  K om agfjord.

P la te  8 6 . L e u c o c ra tic  r e a c t io n  zones betw een p e r id o t i t e  
and p e r th o s i t e  v e in s .  K om agfjord.
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Where th e s e  v e in s  p e n e t r a te  th e  p e r i d o t i t e ,  th e y  a re  g e n e ra l ly  f la n k e d  

by a d i f f u s e  le u c o c r a t ic  t o  m eso c ra tio  r e a c t io n  rim  a g a in s t  th e  m ela- 

n o c ra t ic  p e r i d o t i t e  ( P la te  8 6 ) .

In  one com posite  r a f t  th e r e  i s  K om agfjord d i o r i t e ,  c o n ta in in g  

x e n o lith s  o f m etagabbro , p o r p h y r i t ic  b a s ic  dyke, and m etased im en t.

This x e n o l i th ic  d i o r i t e  i s  c u t  by a  g rey  b a s ic  d i o r i t e ;  th e  l a t t e r  

c u ts  a c ro ss  th e  f o l i a t i o n  in  th e  x e n o l i th ic  d i o r i t e ,  and i s  a p p a re n tly  

d y k e -lik e  in  fo rm .

I t  i s  im p o rta n t t o  n o te  t h a t  th e  dykes c u t t in g  th e s e  r a f t s  do n o t 

p e n e tra te  in to  th e  p e r t h o s i t e ,  b u t a re  co n fin e d  t o  th e  r a f t s ,  c l e a r ly  

re p re s e n tin g  p r e - p e r th o s i t e  c o n ta c ts .

Emplacement o f  P e r th o s i te s  

P e r th o s i te s  occu r in  two a r e a s ;  one i s  in  th e  V a tn d a l a r e a ,  p r in 

c ip a l ly  w ith in  th e  V atna g abbro , and th e  o th e r  i s  in  th e  so u th e rn  

s h e a r-b e lt  w ith in  th e  H u sfjo rd  m etagabbro , p a r t i c u l a r l y  w e ll d isp la y e d  

in  Komagfjord.

I t  would ap p ear t h a t  th e s e  two groups were em placed in  v e ry  

d i f f e r e n t  en v iro n m en ts , and a s  a  r e s u l t  th e y  have r a t h e r  d i f f e r e n t  cha

r a c t e r i s t i c s .  F o r t h i s  r e a s o n , d is c u s s io n  on t h e i r  emplacement w i l l  

be in  two s e c t io n s ,  each  d e a l in g  w ith  one o f th e  g ro u p s.

ïatndal, P erth osites

These have somewhat sinuous outcrops, particularly within the



-Vatna Gabbro. As th e y  c ro s s  from  H u s fjo rd  m etagabbro in to  V atna 

gabbro th e y  a ls o  te n d  to  s p la y  o u t and b ran ch , and have i r r e g u l a r  

w id th s .

An im p o rta n t f e a tu r e  o f th e s e  p e r th o s i t e s  i s  t h a t  b o th  in  th e  

f i e l d  and in  t h i n - s e c t i o n  th e y  a re  o f te n  seen  to  have d i f f u s e  m argins 

m erging in to  a n t ip e r th i t e - b e a r in g  gab b ro . I t  seems p ro b ab le  t h a t  th e  

p e r th o s i te  e x is te d  a s  a  magma which became mixed w ith  th e  o l iv in e -  

gabbro magma a t  th e  tim e o f  i t s  em placem ent. A p o s s ib le  e x p la n a tio n  

fo r  t h i s  i s  t h a t  th e  p e r th o s i t e s  were em placed b e fo re  th e  V atna gabbro 

had become co m p le te ly  s o l i d ,  so t h a t  th o s e  p a r t s  o f th e  p e r th o s i t e  

sh e e ts  w ith in  th e  V atna gabbro  became m ixed w ith  th e  n e ig h b o u rin g  

c r y s t a l l i z in g  h o s t .  The way in  which th e  p e r th o s i t e  s h e e ts  s p la y  ou t 

and have i r r e g u l a r  form s w ith in  th e  V atna gabbro may be a r e s u l t  o f th is *  

I f  th e  gabbro was n o t s o l id  enough t o  s u s ta in  b r i t t l e  j o i n t i n g ,  b u t was 

s t i l l  s l i g h t l y  m o b ile , th e n  any magma in je c te d  in to  i t  would p ro b ab ly  

form i r r e g u la r ly - s h a p e d  b o d ie s .

P i tc h e r  and Read ( i9 6 0 ) have d e s c r ib e d  some dykes in  th e  Donegal 

G ranite which a re  d is c o rd a n t  w ith  th e  flo w  s t r u c tu r e  o f  th e  g r a n i te .

These dykes have i r r e g u l a r  m arg in s , v a ry  in  w id th , and a re  b roken o r 

deformed in  p la c e s .  T h e ir  c o n ta c ts  a re  g e n e r a l ly  w e l l -d e f in e d ,  b u t 

o c c a s io n a lly  th e r e  i s  a  m ixing  o f g r a n i te  and dyke m a te r ia l ,  and a 

:ierging o f t e x tu r e s .  They a re  c o n s id e re d  by P i tc h e r  and Read to  have 

been emplaced in to  an em bryonic j o i n t  system  in  th e  g r a n i te  b e fo re  th e  

l a t t e r  was e n t i r e l y  s o l id .

These Donegal dykes have many structural features similar to the
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V atna p e r t h o s i t e ,  and a s  in d ic a te d ,  a  s im i la r  mode o f em placem ent i s  

en v isag ed  f o r  th e  l a t t e r .

Komagf,lord P e r th o s i t e s

I t  i s  assumed t h a t  th e s e  were em placed a t  much th e  same tim e  a s  

th e  V atn d a l p e r t h o s i t e s ,  b u t because  o f t h e i r  d i f f e r e n t  env ironm ent 

of em placem ent, th e y  have d i f f e r e n t  f e a t u r e s .  They were em placed in to  

co ld  H u s fjo rd  m etagabbro , and th u s  te n d  t o  be f in e r - g r a in e d  th a n  th e  

V atndal p e r t h o s i t e s .  They do n o t have d i f f u s e  m arg ins m erging  w ith  

th e  h o s t ,  b u t c o n ta in  numerous x e n o l i th ic  in c lu s io n s  o f th e  h o s t  and 

some p r e - p e r th o s i t e  m inor in t r u s io n s .  The morphology o f th e  x e n o l i th ic  

r e l i c t  dykes and r e l i c t  pseudodykes p ro v id e  a c lu e  t o  th e  emplacement 

mechanism o f th e s e  p e r t h o s i t e s .

Goodspeed (1955) has d e s c r ib e d  some r e l i c t  dykes and r e l i c t  pseudo

dykes in  a g r a n o d io r i te  a t  C ornucop ia , Oregon. The r e l i c t  pseudodykes 

are rem ains o f  th e  h o s t- r o c k ,  and a re  e lo n g a te ,  re sem b lin g  dykes. The 

r e la t io n s h ip s  betw een th e  g r a n o d io r i te  and th e  in c lu s io n s  a re  s im i la r  

in  many r e s p e c t s  t o  th o se  betw een th e  K om agfjord p e r th o s i t e s  and t h e i r  

in c lu s io n s . The C ornucopia r e l i c t  dykes a re  c u t  by v e in s  o f g ranod io 

r i t e ;  th e y  a re  embayed by th e  g r a n o d io r i te ;  i n  p la c e s  th e r e  a re  grada

t io n a l  c o n ta c ts ;  dykes have a  g r a n o b la s t ic  t e x tu r e ;  p ro tru b e ra n c e s  o f 

dyke p e n e tra te  in to  th e  g r a n o d io r i te ;  th e  g r a n o d io r i te  sometimes has 

fe ld sp a th ic  b o rd e rs  a g a in s t  th e  dykes; th e  g r a n o d io r i te  su rro u n d in g  

the dykes c o n ta in  hazy  p a tc h e s  o r  sm all s k i a l i t h s  which may have been 

derived from  th e  dykes. A ll  th e s e  f e a tu r e s  a r e  p r e s e n t  a t  Komagfjord
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w ith  th e  e x c e p tio n  o f g r a n o b la s t ic  t e x tu r e s  in  th e  dykes.

Goodspeed b e l ie v e s  t h a t  th e  g r a n o d io r i te  i s  a  p ro d u c t o f g r a n i t i — 

z a t io n ,  and t h a t  th e  r e l i c t  dykes and pseudodykes a re  rem nants o f th e  

rocks which were b e in g  g r a n i t i z e d .  He c o n s id e rs  t h a t  th e  r e l a t i o n 

sh ip s  betw een th e  g r a n o d io r i te  and i t s  in c lu s io n s  p ro v id e  ev idence 

fo r  p a r t i a l  re p la ce m en t o f th e  dykes and t h e i r  p r e - g r a n o d io r i te  h o s t .

H is  e x p la n a tio n  f o r  th e  s u rv iv a l  o f  frag m en ts  o f th e  s c h is to s e

h o s t a s  pseudodykes i s  t h a t  d u r in g  metamorphism c e r t a i n  bands in  th e

s c h is t s  c r y s t a l l i z e d  to  a  h a rd e r  ro ck  th a n  o th e r s .  When th e  whole a re a

was g r a n i t i z e d ,  th e s e  bands were more r e s i s t a n t  t o  g r a n i t i z a t i o n  th a n

th e  r e s t  o f th e  s c h i s t  and were th u s  p re se rv e d  a s  pseudodykes. I t  i s
0

p e r t in e n t  t o  n o te  t h a t  in  t h i s  exam ple, th e  h o s t  ro ck  was s c h is to s e ;  

i t  w i l l  be r e c a l l e d  t h a t  th e  h o s t  ro c k  a t  K om agfjord, th e  H u sfjo rd  

m etagabbro, was a l s o  e x te n s iv e ly  f o l i a t e d .

In  th e  o p in io n  o f  th e  p r e s e n t  w r i t e r ,  th e  ev id en ce  f o r  Goodspeed’ s 

in te r p r e ta t io n  o f th e  r e l a t io n s h ip s  betw een th e  dykes and t h e i r  h o s t 

i s  no t uneq u iv o c a b le . The C ornucopia g r a n o d io r i te  may in d eed  be a 

product o f  g r a n i t i z a t i o n ,  b u t th e  r e l i c t  dyke r e l a t io n s h ip s  d e sc rib e d  

could e q u a lly  w e ll  occur in  a magmatic h o s t ,  f o r  example th e  d i f f u s e  

co n tac ts  can  be due t o  p ro g re s s iv e  a s s im i la t io n  by a  magmatic h o s t .

Some r e lic t  dykes in the Ilordleq area of southern Greenland have 

been described by Watters on (1965). These dykes occur in a hornblende 

granite, which in places veins into the r e l ic t  dykes causing their  

fragmentation. In most cases ^ er e  the r e l ic t  dykes are deformed 

and disrupted they are veined by an a p lit ic  granite, idiich Watters on
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c o n s id e rs  to  be m e ta so m a tic a lly  r e p la c in g  th e  d y kes, le a v in g  en c lav es  

as r e l i c t  d y k es . In  th e  case  o f u l t r a b a s i c  dykes, th e  f e ld s p a th ic  v e in in g  

i s  th o u g h t t o  be a  p ro d u c t o f  m etam orphic d i f f e r e n t i a t i o n  o f a  p re 

e x is t in g  l e s s  u l t r a b a s i c  dyke, a lth o u g h  W atte rso n  ad m its  t h a t  some o f 

th e  f e ld s p a th ic  m a te r ia l  may have been  d e r iv e d  from  o u ts id e .  In  some 

d is ru p te d  d y k es , c o n s id e ra b le  amounts o f  r e l a t i v e  movement have o ccu rred  

between fra g m e n ts . C le a r ly  th e r e  h as  been  movement in  th e  su rro u n d in g  

g r a n i te ,  a lth o u g h  th e r e  i s  no ev id en ce  o f d e fo rm a tio n  in  th e  g r a n i te .  

W atterson  e x p la in s  t h i s  by c o n s id e r in g  t h a t  th e  g r a n i te  deform ed in  a 

s o lid  o r h ig h ly  v is c o u s  s t a t e ,  and th e n  underw ent a  th o ro u g h  r e c r y s t a l -  

l i z a t i o n  w hich e l im in a te d  a l l  t r a c e s  o f movement. He does n o t b e lie v e  

th a t  th e  g r a n i te  was ev e r t r u l y  l iq u id #

Many f e a tu r e s  d e s c r ib e d  by W atte rso n  f o r  th e  I lo r d l e q  r e l i c t  dykes 

are p re s e n t in  th e  K om agfjord r e l i c t  dykes and pseudodykes. These 

include th e  v e in in g  o f th e  more c o h e re n t r e l i c s  by m a te r ia l  g e n e ra l ly  

more le u c o c r a t ic  th a n  th e  b u lk  o f th e  in v a d in g  m a te r ia l ;  th e  sh arp  

margins o f th e  m a jo r i ty  o f b lo c k s ; th e  d i f f u s e  c o n ta c ts  o f some o f th e  

b locks; s tr e a k e d  o u t s l i v e r s  and s c h l ie r e n  o f b a s ic  m a te r ia l  in  th e  

g ra n ite  betw een some o f th e  dykes; r e l i c t  c o n ta c ts  betw een dykes o f 

d i f f e r e n t  a g es .

Watterson believes that the dykes post-date the granite, but that
\

the l a t t e r  had become m igm atized  and c o m p le te ly  r e c r y s t a l l i z e d  a f t e r  

the dyke em placem ent, le a v in g  o n ly  rem nants o f  th e  dykes. T h is  may be 

the case a t  I lo r d l e q ,  b u t a g a in ,  th e  r e l a t io n s h i p s  d e sc r ib e d  a re  n o t 

only co n fin ed  t o  m ig m a titic  en v iro n m en ts .
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An id e a  s im i la r  to  t h a t  o f W atte rso n  i s  invoked  by Roddick and 

Arm strong (1959) f o r  th e  o r ig in  o f r e l i c t  dykes in  th e  C oast Range 

M ountains n e a r  V ancouver. H ere , i t  i s  c o n s id e re d  t h a t  th e  dykes were 

in tru d e d  in to  ro c k s  which were und erg o in g  g r a n i t i z a t i o n  under p lu to n ic  

c o n d it io n s .  A lthough  th e  dykes a re  d is r u p te d ,  th e r e  i s  no s ig n  of 

f r a c tu r in g  i n  th e  e n c lo s in g  rock#  I t  i s  th o u g h t by th e  a u th o rs  t h a t  

th e  h o s t  was b r i t t l e  enough t o  a llo w  f r a c t u r e s  t o  fo rm , up w hich th e  

dykes came, b u t r e c r y s t a l l i z a t i o n  c o n tin u e d  t o  h e a l  th e  f r a c t u r e s  in  

th e  h o s t  ro c k .

R e l ic t  dykes w hich p ro b ab ly  c lo s e ly  resem ble  th e  Kom agfjord exam ples 

in  mode o f o r ig in  occur in  th e  C oast Range B a th o l i th  n e a r  V ancouver, 

and have been  d e s c r ib e d  by P h em iste r  (194-5). H ere , a  g r a n i te  p eg m atite  

f a c ie s  o f th e  b a th o l i t h  c o n ta in s  p r e - b a th o l i t h i c  dykes w hich have f o r  

the  most p a r t  rem ained  i n t a c t  d u rin g  in v a s io n  by th e  g r a n i t i c  magma.

The in c lu s io n s  a r e  p e n e tr a te d  by s t r i n g e r s  o f th e  p e g m a tite ,  and in  some 

cases r e l i c t  c o n ta c ts  betw een dyke and s c h is to s e  p re -p e g m a tite  h o s t  

are  p re se rv e d . The dykes a re  r a r e l y  deform ed, and in  t h i n  s e c t io n  

appear to  be l i t t l e  a l t e r e d .  P h em is te r  c o n s id e rs  t h a t  th e  dykes must 

have a c te d  a s  b a r r i e r s  t o  th e  incom ing magma, and o c c a s io n a lly  p ro te c te d  

the ne ig h b o u rin g  h o s t  ro ck  w hich i s  som etim es p re se rv e d  n ex t t o  th e  

r e l i c t  dykes. M ost o f  th e  h o s t  ro ck  h a s  been  s e l e c t i v e ly  removed 

piecem eal, and th e  dykes have v i r t u a l l y  m a in ta in ed  t h e i r  o r ig in a l  

p o s itio n s  and d i r e c t io n s #

i t  i s  im p o rtan t t o  n o te  t h a t  th e  h o s t  ro c k  in  t h i s  example was 

s c h is to se , a s  i t  i s  a t  K om agfjord, and t h a t  t h i s  was p ro b a b ly  an
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an im p o rta n t f a c to r  in  d e te rm in in g  th e  ea se  w ith  which i t  was removed 

by th e  in v ad in g  magma. The dykes were n o n -s c h is to s e  and were th u s  

p ro b ab ly  more r e s i s t a n t  t o  p iecem eal rem oval.

I t  h a s  been n o ted  t h a t  th e  r e l i c t  dykes and pseudodykes d e s c r ib e d  

in  th e  v a r io u s  exam ples m entioned  resem b le  in  many ways th o se  o c c u rr in g  

in  K om agfjord. I n  some c a s e s  th e  h o s t  was re g a rd e d  a s  m ig m a ti tic ,  and 

in  o th e rs  i t  was th o u g h t t o  be t r u l y  m agm atic. However, i n  a l l  c a se s  

i t  was th o u g h t t h a t  th e  h o s t  m ust have been  m obile  a f t e r  th e  fo rm a tio n  

of th e  x e n o l i th ic  in c lu s io n s .  Thus in  th e  K om agfjord a re a  i t  i s  im port

an t to  lo o k  f o r  ev idence  w hich m ight make i t  p o s s ib le  t o  d e te rm in e  

whether o r n o t th e  p e r th o s i t e  was a  t r u e  magmatic l i q u i d .

There a r e  th r e e  l i n e s  o f ev id e n c e : th e  t e x tu r e  o f  th e  p e r th o s i te  

i t s e l f ,  th e  s t r u c tu r e  o f th e  r e l i c t  dykes and pseudodykes, and th e  

g ra in -s iz e  o f th e  p e r th o s i t e s .

F i r s t ,  i t  w i l l  be r e c a l l e d  t h a t  th e  p e r th o s i t e  h as  a f o l i a t i o n  

formed by th e  a lig n m en t o f m afic  m in e ra ls ,  e s p e c ia l ly  a t  i t s  m arg ins.

In  th e  c e n t r a l  p a r t s  o f th e  p e r th o s i t e  s h e e t ,  th e s e  a re  p a r a l l e l  to  

the  a s s o r te d  x e n o l i th s  and b a s ic  s l i v e r s  which a re  c l e a r l y  free-sw im m ing. 

X enoliths and c l o t s  a re  commonly a l ig n e d  p a r a l l e l  t o  th e  f o l i a t i o n  

p lanes o f ig neous ro c k s .  I t  can n o t be assumed t h a t  in c lu s io n s  a re  

ro ta te d  in to  p a r a l l e l i s m  a f t e r  c o n s o l id a t io n  o f th e  h o s t ,  b u t only  

before o r d u rin g  c r y s t a l l i z a t i o n ;  th u s  t h i s  f o l i a t i o n  m ust be a  prim ary  

Tlow banding (B a lk , 1937) .  Thus th e  p e r th o s i t e s  ap p ear t o  have a  flow  

s tru c tu re  common in  many norm al igneous b o d ie s .

Second, where a  r e l i c t  dyke s t i l l  form s a  f a i r l y  c o h e re n t body.
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i t  can  be c l e a r l y  seen  t h a t  th e  v e in s  which p e n e t r a te  th e  dyke a re  o f 

th e  p e r th o s i t e  i t s e l f .  F u rth e rm o re , th e s e  v e in s  have d is ru p te d  th e  

dyke by a d i l a t a t i o n a l  m echanism. B locks can  be seen  to  be becoming 

wedged o f f  th e  m ain body by th e  p e n e t r a t in g  v e in s  ( P la te  83 ) .  In  

some c a se s  c a v i t i e s  a re  form ed b eh in d  th e  d is lo d g e d  b lo c k s  in  which 

sm a lle r  b roken  frag m en ts  a re  b eg in n in g  t o  be a s s im i la te d  by th e  p e r

t h o s i t e .  In c lu s io n s  o f f o l i a t e d  m etagabbro have a l s o  been  d is ru p te d  

by a d i l a t a t i o n a l  m echanism, in  w hich th e  p e r th o s i t e  h as  s tre a k e d  th ro u g h  

th e  in c lu s io n  a lo n g  th e  f o l i a t i o n  p la n e s ,  o f f s e t t i n g  i t  in  a  d i r e c t io n  

p e rp e n d ic u la r  t o  th e  f o l i a t i o n .  Sometimes frag m en ts  o f m etagabbro 

rem ain in  th e  zone o f  d i s lo c a t io n  ( P la te  8 7 ) . C le a r ly  th e  p e r th o s i te  

must have been  in  th e  form  o f  a  magma in  o rd e r  t o  p roduce th e s e  s t r u c 

tu re s .

T h ird , i t  h as  been  n o ted  t h a t  w here th e  p e r th o s i t e  h a s  e n te re d  

in to  c a v i t i e s  and narrow  v e in s ,  i t  i s  a lm o st in v a r ia b ly  s l i g h t l y  

c o a rse r -g ra in e d  th a n  th e  n ea rb y  p e r t h o s i t e .  A good example i s  shown 

in  P la te  88 , in  w hich th e  p e r th o s i t e  i s  m arkedly  c o a r s e r - g r a in e d ,  a lm ost 

p e g m a titic , where i t  i s  t ra p p e d  in  a  c a v i ty  betw een two b lo ck s  o f 

p o rp h y r i t ic  dyke ro c k . T h is  p ro b a b ly  in d ic a te s  t h a t  th e  p e r th o s i te  

was f a i r l y  r i c h  in  v o l a t i l e s  w hich te n d e d  t o  become tra p p e d  in  th e  

ve in s  and c a v i t i e s  e n te re d  by th e  p e r t h o s i t e .  T h is  would fa v o u r th e  

fo rm ation  o f c o a r s e r - g ra in e d  c r y s t a l s  in  th e s e  a re a s  w here th e  v o la 

t i l e s  were t ra p p e d .

This demonstration of a high v o la tile  content in the perthosite 

niagma is  sign ifican t, since the presence of v o la t ile s  was probably an



P la te  8 7 . H u s fjo rd  m etagabbro x e n o l i th  d is ru p te d  by 
p e r th o s i te  a lo n g  f o l i a t i o n .  K om agfjord.

P la te  88 . C o arse r p e r th o 
s i t e  in  c a v i ty  betw een 
x e n o li th ic  b locks*  
Komagfjord.
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im p o rta n t p h y s ic a l  f a c to r  in  th e  mechanism cau s in g  th e  d i s r u p t io n  of 

th e  r e l i c t  dykes.

The v i s c o s i t y  o f a  magma depends upon a  l a r g e  number o f f a c t o r s  

which in c lu d e  i t s  co m p o sitio n , te m p e ra tu re , p r e s s u r e ,  and v o l a t i l e  con

t e n t  (T u rn e r and V erhoogen, I 9 6 0 ) ;  th u s  i t  i s  d i f f i c u l t  t o  say  how 

v isco u s  th e  p e r th o s i t e  magma m ight have b een . W alker and S k e lh o rn  

(1966) i n  a  rev iew  on n e t-v e in e d  com plexes c o n s id e r  t h a t  th e  a c id  

component w hich v e in s  th e  b a s ic  m a te r ia l  m ust have had a low  v i s c o s i t y ,  

s in ce  t h i n  p e r s i s t e n t  a c id  v e in s  can o f te n  be t r a c e d  f o r  lo n g  d i s ta n c e s .  

They p o s tu la t e  a  v i s c o s i t y  o f  ab o u t 10^ -  10^ p o is e s  f o r  th e  a c id  

m a te r ia l ,  w hereas e x p e r im e n ta l work on a c id  la v a s  h as  g iv en  v i s c o s i t i e s  

as h ig h  a s  10^^ p o is e s  (F riedm an , Long, and S m ith , I 963) . However, 

the  v i s c o s i t y  o f  a  magma i s  in v e r s e ly  p r o p o r t io n a l  t o  i t s  v o l a t i l e  

co n ten t (Shaw, 1 9 6 5 ), and th e  p re sen c e  o f 1$ by w e ig h t o f  d is s o lv e d  

w ater in  an  a c id  g la s s  can  red u ce  th e  v i s c o s i t y  by a  f a c t o r  o f ab o u t 

10"^  (F riedm an, Long, and S m ith , o p .c i t . ;  Shaw, 1963) .  Thus W alker 

and S k e lh o rn  ( o p .c i t . )  b e l ie v e  t h a t  th e  a p p a re n t ly  low  v i s c o s i ty  o f 

the  a c id  magma in  th e  v e in s  can  be e x p la in e d  m ain ly  by a  h ig h  v o l a t i l e  

con ten t o f  th e  magma. I n  th e  K om agfjord p e r th o s i t e s  i t  ap p ea rs  t h a t  

the magma had a  f a i r l y  low  v i s c o s i t y  s in c e  i t  v e in s  in to  lo n g , narrow  

cracks.. However, i t  has been  d em o n stra ted  above t h a t  i t  was p ro b ab ly  

r ic h  in  v o l a t i l e s ,  and t h i s  co u ld  acco u n t f o r  i t s  co m p ara tiv e ly  low 

v is c o s i ty .
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LATE BASIC DYKES

The V atna gabbro  i s  in tru d e d  by a  l a r g e  number o f b a s ic  dykes o f 

v a ry in g  s i z e .  Many c u t  th e  V a tn d a l p e r th o s i t e s  ( P la te  89 ) and a n t ip e r th i te -  

r ic h  V atna g ab b ro , and a r e  c l e a r l y  p o s t - p e r th o s i t e  in  ag e . Those dykes 

which a re  n o t d em o n strab ly  p o s t - p e r t h o s i t i c  a re  c o n s id e re d  to  be members 

of t h i s  l a t e  s u i t e  o f dykes b ecau se  o f t h e i r  s i m i l a r i t y  in  m in era lo g y  

and m etam orphic h i s t o i y ,  and t h e i r  p a r a l l e l  t r e n d  t o  th o se  w hich a re  

known t o  p o s t - d a te  th e  p e r t h o s i t e s .

The e a r l i e s t  o f  th e s e  m inor i n t r u s io n s  i s  an  o liv in e - le u c o g a b b ro  

in  which th e  w ea th e red  p la g io c la s e  g r a in s  g iv e  th e  ro ck  a  d i s t i n c t i v e  

w hite s p o tte d  ap p e a ra n c e . I t  o c c a s io n a l ly  c o n ta in s  x e n o l i th s  o f a  

m ixture o f m e la n o c ra tic  ro c k s  ( P la te  90 ) # None o f th e s e  x e n o l i th s  

appears t o  be o f  V atna  g ab b ro , and th e y  may be frag m e n ts  o f e a r l i e r  

dykes b ro u g h t up from  below .

T h is  leu co g ab b ro  form s dykes g e n e r a l ly  v a ry in g  g r e a t ly  in  w id th ; 

some a re  ab o u t 1 m. wide w hereas o th e r s  a re  s e v e ra l  t e n s  o f  m etres  in  

w idth. The sm all i s l a n d  o f  Vatnholm o f f  th e  c o a s t  a t  V atna i s  essen 

t i a l l y  composed o f t h i s  w h ite  s p o tte d  g ab b ro . In  p la c e s  i t  sends 

apophyses in to  th e  n e ig h b o u rin g  V atna g ab b ro .

One o f th e  l a t e r  dykes w hich c u ts  th e  leu co g ab b ro  i s  a  p o rp h y r i t ic  

am phibolized d o l e r i t e ,  w hich g e n e r a l ly  h as  d i f f u s e  c o n ta c ts  w ith  i t s  

h o s t. W ith in  th e  h o s t  n e a r  th e  c o n ta c t ,  t h e r e  i s  an  i r r e g u l a r  zone 

of coarse  s e g re g a tio n s  o f  o l iv in e  and pyroxene ( P la te  9 l)*  T h is  zone 

is  i r r e g u la r  i n  w id th  and d is ta n c e  from  th e  dyke m arg in , and may be 

to  10 cm. from  th e  dyke. On th e  dyke s id e  o f  th e  zone, th e  se g re 

gations a re  r e l a t i v e l y  r i c h  i n  p la g io c la s e .  I t  would ap p ear t h a t  some



P la te  8 9 . B asic  dykes c u t t in g  p e r t h o s i t e .  
V atn a .



P la te  9 0 . X e n o li th s  i n  o l iv in e  leu c o g ab b ro . V atna .

P la te  91* R e a c tio n  betw een dyke and i t s  h o s t .  Vatnholm,
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r e a c t io n  h a s  ta k e n  p la c e  betw een th e  dyke m a te r ia l  and i t s  h o s t ,  

a lth o u g h  th e  ro c k s  h e re  have n o t  undergone a  h ig h  g rad e  o f metamor

phism , and none o f  th e  o th e r  dykes show t h i s  r e l a t i o n s h i p .  Thus th e  

r e a c t io n  p resum ably  to o k  p la c e  a t  th e  tim e o f th e  d y k e’ s em placem ent, 

and i t  i s  p o s s ib le  t h a t  t h i s  dyke was in tru d e d  soon a f t e r  th e  em place

ment o f th e  le u c o g ab b ro , b e fo re  th e  l a t t e r  had c o m p le te ly  s o l i d i f i e d .

A chem ical g r a d ie n t  would have been  s e t  up betw een them , and c o n s t i 

tu e n ts  m igh t have m ig ra te d  a c ro s s  th e  boundary , fo rm ing  a  r e a c t io n  zone,

The rem a in d e r o f th e  b a s ic  dykes a re  a l l  m e la n o c ra t ic ,  b u t th e y  

v ary  somewhat in  ap p ea ran ce ; some a re  c o a r s e -g ra in e d ,  and o th e rs  a re  

f in e -g r a in e d .  Many a re  p o r p h y r i t i c ,  c o n ta in in g  w h ite  p la g io c la s e  

p h en o c ry s ts , w h ile  o th e rs  a re  n o n -p o rp h y r i t ic  ( P la te  9 2 ) .  A number 

develop p i t t e d  s u r f a c e s  due t o  th e  w e a th e rin g  o u t o f o l iv in e  pheno

c r y s ts ,  w hereas o th e r s  have smooth s u r f a c e s .

In d iv id u a l  dykes m a in ta in  a  c o n s ta n t  th ic k n e s s ,  and can  o f te n  be 

t ra c e d  f o r  many te n s  o f m e tre s . The av e rag e  th ic k n e s s  o f  th e  dykes 

i s  about m ., a lth o u g h  th e y  a re  o c c a s io n a l ly  a s  l a r g e  a s  2 m. o r a s  

sm all a s  10 cm. T h e ir  t r e n d s  v a ry  betw een  120° and 170®, and t h i s  

causes many in t e r s e c t i o n s  t o  ta k e  p la c e .  T h is  t r e n d  o f  th e  dykes i s  

s u b p a ra l le l  t o  a  p rom inen t j  o i n t - d i r e c t i o n  in  th e  V atna gabbro# Many 

dykes a re  v e r t i c a l ,  b u t o th e r s  hade a t  s te e p  a n g le s  e i t h e r  tow ards th e  

west or th e  e a s t .  O c c a s io n a lly  a  dyke hades a t  a  more sh a llo w  ang le

as shown by th e  u l t r a b a s i c  dyke i n  P l a t e  93# The t r e n d  o f  th e  dykes

is  rough ly  p e rp e n d ic u la r  to  th e  s h o r e - l in e  a t  V a tn a , and th e y  a re  l e s s  

r e s i s ta n t  t o  w ea th e rin g  and s e a -e ro s io n  th a n  th e  V atna gabbro . As a



P la te  9 2 . P o r p h y r i t ic  and 
n o n -p o rp h y r i t ic  b a s ic  dykes. 
V atna .

P la te  93* U l t r a b a s ic  dyke; 
c o n tac ts  a re  p a r a l l e l  to  
the hammer s h a f t .  V àtna
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r e s u l t  th e  dykes have f r e q u e n t ly  w eathered  o u t as s u b v e r t i c a l - s id e d  

g u l l i e s  w hich p e n e tr a te  in to  th e  la n d  from  th e  s h o re , and which a ls o  

t r a n s e c t  th e  crag g y  ground a round  V atna.

In  many in s ta n c e s  i t  can  be seen  t h a t  th e  dykes have been em placed 

by a d i l a t a t i o n a l  m echanism, shown by th e  o f f s e t t i n g  o f e a r l i e r  dykes 

or v e in s .  T here a re  numerous exam ples o f c h i l l e d  m arg ins t o  th e  d y kes, 

and th e s e  m arg in s  a re  u s u a l ly  ab o u t 1 cm., w ide, b u t  th e y  have been  seen  

up to  5 cm. in  w id th .

O c c a s io n a lly  a  dyke h as  been  em placed a lo n g  a  s h e a r -p la n e  ( P la te  

94) ,  b u t th e r e  a r e  a l s o  some l a t e r  sm a ll b r i t t l e  s h e a rs  w hich o f f s e t  

some o f th e  l a t e s t  members o f th e  dyke s u i t e  ( P la te  9 5 ) ,  and which 

a ls o  o f f s e t  some sm a ll m ic ro p eg m a tite  v e in s ,  which p o s t - d a te  th e  l a t e s t  

dykes. These sm all b r i t t l e  s h e a rs  o ccu r s p o ra d ic a l ly  th ro u g h o u t th e  

Vatna g ab b ro , and in c lu d e  b o th  s i n i s t r a l  and d e x t r a l  ty p e s .  D isp lace 

ment a lo n g  th e  s h e a rs  v a r i e s  from  a c e n tim e tre  o r l e s s  t o  over ^  m*

A nother l a t e  f e a tu r e  w hich a f f e c t s  th e  l a t e s t  dykes i s  p e n e tr a t io n  

by narrow  m etasom atic  v e in s  o f g reen  f ib r o u s  am phibo le .

In  g e n e r a l ,  th e  dykes a re  am p h ib o lized  d o l e r i t e s ,  some b e in g

o l i v in e - d o le r i t e s ,  a lth o u g h  th e r e  a re  a l s o  o c c a s io n a l t r o c t o l i t e  dykes.

The p o r p h y r i t ic  dykes c o n ta in  a n h e d ra l t o  su b h e d ra l p la g io c la s e  pheno-

c ry s ts ,  and in  th e  o l i v i n e - d o l e r i t e s  th e  o l iv in e s  u s u a l ly  form  pheno-

c ry s ts .  A few  o f th e  f in e - g r a in e d  p o r p h y r i t i c  am ph ibo lized  o l iv in e -

d o le r i te s  c o n ta in  i r r e g u l a r  c o a r s e -g ra in e d  v e i n - l i k e  s e g re g a tio n s .

These are fa ir ly  rich in o liv ine and amphibole and resemble coarser-

grained v a r i e t i e s  o f th e  h o s t ,  and p o s s ib ly  r e p r e s e n t  v o l a t i l e - t r a p s  in  

the o r ig in a l  magma.
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P la te  9 4 . Dyke em placed 
a lo n g  a  s h e a r .  V a tn a .

P la te  95* Dyke o f f s e t  
by sm all d e x t r a l  s h e a rs  
Vatna.

mm
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By s tu d y in g  th e  c r o s s - c u t t i n g  r e l a t io n s h i p s  o f th e  v a r io u s  dykes, 

in  c o n ju n c tio n  w ith  t h i n - s e c t i o n  s tu d i e s ,  i t  h as  been  p o s s ib le  to  

b u i ld  up an o v e r a l l  sequence o f em placem ent f o r  m ost o f  th e  d i f f e r e n t  

dyke ty p e s .  T h is  sequence i s  shown in  th e  form  o f a  c h a r t  in  F ig . 15 . 

Many o f th e  dykes a r e  seen  to  c u t  th e  p e r th o s i t e s  s in c e  th e y  c u t  o th e r  

dykes w hich in  tu r n  c u t  th e  p e r t h o s i t e s .  In  th o se  exam ples where d i r e c t  

f i e l d  ev id en ce  i s  n o t a v a i l a b l e ,  t i e - 1 in e s  have been  o m itte d  from  th e  

c h a r t  i n  o rd e r  t o  a v o id  c o n fu s io n . The f a c t  t h a t  a t  l e a s t  th e  m a jo r i ty  

of dykes a re  l a t e r  th a n  th e  p e r th o s i t e s  i s  in d ic a te d  by th e  sequence 

of t i e - 1 i n e s  le a d in g  back t o  th e  p e r t h o s i t e s .  The b r i t t l e  d e fo rm a tio n  

cau sin g  th e  sm all s h e a rs  a f f e c t  th e  m ic ro -p e g m a tite s ,  and th u s  p o s t

d a te  th e  whole phase of b a s ic  dyke em placem ent.

MPHELINE-SYENITE PEGMATITE

At V atna th e r e  a re  a  few  n e p h e l in e - s y e n i te  p e g m a tite s  w hich have 

been em placed in to  th e  V atna gabbro . The n e p h e lin e s  have a  g re y , 

p i t t e d ,  g re a sy  ap p earan ce  on w ea th ered  s u r f a c e s .  They a re  in v a r ia b ly  

sh eared , and c l e a r l y  p ro v id e d  p la n e s  o f  w eakness i n  th e  m assive  gabbro 

along w hich s h e a r in g  co u ld  ta k e  p la c e  d u r in g  th e  l a t e - s t a g e  ?2 deform 

a tio n .

The p e g m a tite s  a re  f a i r l y  t h i c k ,  th e  l a r g e s t  b e in g  ab o u t 2 m. in  

th ic k n e s s ,  and can  som etim es be t r a c e d  i n t e r m i t t e n t l y  f o r  s e v e ra l  te n s  

of m e tre s .

G e n e ra lly  th e y  c o n ta in  lo n g  narrow  in c lu s io n s  o f th e  h o s t  ro ck



SEQUENCE O F  DYKE EMPLACEMENT

OLDEST

VATNA GABBO ( H O S T )

p e r t h o s i t e

O L I V I N E  L E U C O G A B B R O  —

r R O C T O L I  T E

C O A R S E  P O R P H Y R I T I C  
O L I V I N E - D O L E R I T E

CO AR S E  P O R P H Y R I T I C  
OLIVINE -  D O L E R I T E

C O A R S E  P O R P H Y R I T I C  
D O L E R I T EF I N E  P O R P H Y R I T I C  

O L I V I N E - D O L E R I T E

N O N - P O R P H Y R I T I C  
OLI VI NE- DOLERI TE p o r p h y r i t i c

D O L E R I T E
p o r p h y r i t i c
D O L E R I  T E

P O R P H Y R I T I C
O L I V I N E - D O L E R I T E

PORP HYRI TI C
OL I V I N E - D O L E R I T E C O A R S E  P O R P H Y R I T I C  

O L I V I N E -  D O L E R I T EF I N E  N O N - P O R P H Y R I T I C  
O L I V I N E - D O L E R I T E  W I T H  
A M P H I B O L E - O L I V I N E  
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Conn«c f i nq  t i « - l i n e i  i n d i c a t e  t he  p r es e nc e  o f  f i e l d  e v i d e n c e  for  t he  a q e  r e l a t i onships  o f  t h e  d y k e s ,  
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e lo n g a ted  p a r a l l e l  t o  th e  m arg ins o f th e  p e g m a tite s . These m afic 

in c lu s io n s ,  and much of th e  h o s t  ro ck  n e x t to  th e  sh ea red  peg m atite  

form a  h a rd , b la c k , f in e -g r a in e d  m y lo n ite  (P la te  9 6 ) .

The s h e a rin g  o f th e  p eg m a tite s  i s  q u i te  v a r i a b le ,  even w ith in  a 

s in g le  body.. One body i s  on ly  p a r t i a l l y  sh ea red ; th e  c e n t r a l  re g io n  

and p a r t  o f one m arg in , to g e th e r  w ith  th e  n e ig h b o u rin g  h o s t  i s  sh ea red , 

whereas th e  r e s t  i s  u n sh eared  ( P la te  9 7 ) .  I t  can be seen  from  th e  

unsheared  p a r t s  t h a t  th e  p eg m atite  i s  q u i te  c o a r s e -g ra in e d . In  o th e r  

exam ples, th e  whole o f th e  body i s  sh e a re d .

The p la n e s  o f sh e a r in g  in  th e se  sh e a r-z o n e s  in  th e  V atna gabbro a re  

p a r a l l e l  t o  th o se  o f th e  sh e a r-zo n e s  and m y lo n ite s  in  th e  H u sfjo rd  

m etagabbro (se e  F ig . 7 ) ,  and th e y  eire p ro b ab ly  r e l a t e d  to  a re g io n a l 

shear-zone p a t t e r n  a s s o c ia te d  w ith  th e  l a t e  b r i t t l e  d e fo rm a tio n . The 

in te r s e c t io n  o f th e  sh e a r in g  p la n e s  w ith  w eathered  s u r fa c e s  cau ses  th e  

fo rm ation  o f a  marked l i n e  a t  io n .

The f e ld s p a r s  and th e  n e p h e lin e s  become augened d u rin g  th e  sh e a rin g , 

but th e  shapes o f th e  f e ld s p a r  augen a re  d i f f e r e n t  from th o se  o f th e  

n ep h e lin e , presum ably  due t o  t h e i r  d i f f e r e n c e  in  com petence. The 

fe ld s p a rs  form  broad  e l l i p t i c a l - s e c t i o n e d  augen , sometimes q u i te  la rg e  

(P la te  9S ) , b u t th e  n e p h e lin e s  form lo n g , s in u o u s , s tre a k e d -o u t augen, 

which in  th in - s e c t io n  a re  seen  to  c o n s is t  o f  p a r t ly  g ra n u la te d  n ep h e lin e .

Augening o f  n e p h e lin e  in  a  n e p h e lin e -s y e n ite  g n e is s  d u rin g  deform

a tio n  has been  d e sc rib e d  by S t u r t  (196I ) .  In  t h i s  g n e is s ,  th e  n ep h e lin e s  

are s tro n g ly  ro d d ed , p a r a l l e l  t o  th e  m inor f o ld - a x e s ,  and t h e i r  c -ax es  

are o r ie n ta te d  p a r a l l e l  t o  t h i s  d i r e c t io n .  A s m i l a r  phenomenon has



P la te  9 6 . M y lo n ite  and s h e a re d  n e p h e l in e - s y e n i te  
p e g m a ti te .  V a tn a .



" P la te  97* P a r t i a l l y  
sh e a re d  n e p h e l in e - s y e n i te  

■Çr p e g m a tite .  V a tn a .

P la t e  9 8 . Augen i n  sh e a re d  n e p h e l in e - s y e n i te  p eg m atite  
V atn a .
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been d e s c r ib e d  in  n e p h e l in e - s y e n i te s  from  Som ali R ep u b lic  by G e l la t ly  

(196 /,).

In  th e  V atna exam ples how ever, s e c t io n s  p e rp e n d ic u la r  to  one 

a n o th e r  b o th  show l e n t i c u l a r  c r o s s - s e c t io n s  t o  th e  augen . Thus th e  

augen a re  t r u l y  l e n s - l i k e  in  fo rm , and a re  n o t rodded  in  any d i r e c t io n .

The s h e a r in g  h a s  a l s o  caused  s m a l l - s c a le  fo ld in g  in  th e  p e g m atite  

(see  P la te  97) in  w hich sm all i s o c l i n a l  f o ld s  have been  form ed. These 

a re  g e n e r a l ly  o v e r tu rn e d  tow ards th e  s o u th ,  which i s  th e  same d i r e c t io n  

of o v e r tu rn in g  o f  th e  f o ld s  in  th e  H u s f jo rd  m etagabbro  sh e a r-z o n e s .

O c c a s io n a lly , frag m en ts  o f b a s ic  dyke a re  e n c lo se d  by th e  p e g m a tite , 

and th e y  a r e  g e n e r a l ly  h ig h ly  deform ed, to g e th e r  w ith  th e  p e g m a tite .

The e x a c t  age o f  th e  n e p h e l in e - s y e n i te  p e g m a tite  in  r e l a t i o n  to  

th e  sequence o f  dyke em placem ent can n o t be d e te rm in ed  u n eq u iv o cab ly . 

A lthough i t  i s  seen  to  c u t  a  few  b a s ic  d y k es , any ev id en ce  o f l a t e r  

c r o s s - c u t t in g  dykes has been  o b l i t e r a t e d  by th e  s h e a r in g .
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PETROGRAPHY

THE MAJOR INTRUSIONS

HUSFJORD METAGABBRO

G enera l

The H u s f jo rd  m etagabbro  i s  e s s e n t i a l l y  a c lin o p y ro x e n e -g a b b ro  

although  h y p e rs th e n e  o c c a s io n a l ly  o ccu rs  in  some f a c i e s  (T ab le  l ) .

The gabbro h as  been  v a r i a b ly  am p h ib o lized  d u rin g  su b seq u en t metamorphism» 

Four m ain f a c i e s  a re  re c o g n ise d  w i th in  th e  g abbro ; a  f in e - g r a in e d  

s l i g h t l y - f o l i a t e d  ty p e ,  a  c o a r s e r - g ra in e d  n o n - f o l ia te d  ty p e ,  a  v a r ia b ly -  

g ra ined  n o n - f o l ia te d  a c t i n o l i t e - b e a r i n g  ty p e  and a co n tam in a ted  n o r i t i c  

type .

Fine-grained Facies

The finer-grained, s lig h tly  fo lia ted  facies of the metagabbro has 

a re lic t subophitic texture. Plagioclase has recrysta llized  to equi

lateral grains, and the pyroxene has become p artia lly  altered to green 

hornblende (Plate 99)# The hornblende is  strongly pleochroic, i t s  scheme 

being :

X l i g h t  y e l lo w is h -g re e n

Y deep  o l iv e -g re e n

2 m id -d a rk  g reen

H ypersthene a p p e a rs  t o  be p r a c t i c a l l y  r e s t r i c t e d  t o  t h i s  f i n e r -  

grained f a c i e s .  I t  u s u a l ly  o ccu rs  a s  f a i r l y  sm all g r a in s ,  and i s  f a i n t l y



TABLE I

MODAL ÂEALÏSES OF HUSFJORD METAGABBRO

Mineral 36/ 3A 36/139E 36/141A 36/1990 G5/38B 33/ 5A 4 6 /llA 05/ 34B

Flag. 3A.01 35.63 52.73 44.. 30 4-5.50 34.06 40.73 31.80

Clinopy. U .5 5 6 .6 0 13.56 2.76 22.76 2 .4 3 9 .6 0 -

Hypers. - - 0 .26 - 1 .8 3 - —- -

Hbl. 46.90 52.90 29.50 42.30 23.03 - - -

Act. - - - - - 60.68 43.60 65.03

Bi. 3 .20 3 .1 3 2 .80 7 .66 5 .6 0 0 .76 3 .70 0.36

Ore 2.96 1 .8 3 1 .16 1 .8 3 1 .2 3 0 .9 3 2.10 0.30

Sph. 0.50 0.26 - 0.56 0.10 0.76 0.26 2.16

Ap, 0.12 0 .1 3 0.16 0.20 0 .2 3 0 .4 0 0.36 0.26

Qu. — mm — 0 .5 0 — — «i- 0.26

99. 24. 100 . 4s 100.17 100.11 100.28 9 9 .8 4 100.35 100.17

Fine-grained facies: 36/ 3A, 36/ 139E.

Coarse-grained facies: 36/141A, 36/1990, O5/ 38B.

Actinolitic facies: 38/5A, 4 6 /l lA , 05 /3 /B .



P late  99. Pyroxene a lte r in g  to  secondary hornblende 
Husfjord metagabbro. P .P.L . X 85 .
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p le o c h ro ic  from  b u f f  t o  p a le  g re en .

The c l  in o p y r oxene i s  a u g i te ,  maximum e x t in c t io n  an g le  b e in g  

Z/\c = 50®. A l te r a t io n  to  ho rnb lende  i s  predom inant around  th e  m argins 

of th e  p y ro x en es , th e  c l  in o p y r oxene b e in g  much more prone t o  a l t e r a t i o n  

th an  th e  h y p e rs th e n e . T here i s  a ls o  a  c e r t a i n  amount o f a l t e r a t i o n  a long  

cleavage p la n e s  o f th e  p y ro x en es. The c o n ta c ts  betw een th e  ho rnb lende 

and th e  pyroxene from  which i t  i s  fo rm ing  i s  u s u a l ly  q u i te  d i f f u s e .  In  

some c a s e s ,  a l t e r a t i o n  h as  p roceeded  so f a r  t h a t  pyroxene o n ly  ap p ears  

as r e l i c t  c o re s  in  th e  c e n t r a l  p a r t s  o f th e  secondary  h o rn b le n d e .

B i o t i t e ,  w hich g e n e ra l ly  form s sm all l a t h s ,  commonly h as  d i f f u s e ly -  

defined  c o n ta c ts  w ith  h o rn b le n d e , w ith  which i t  a p p ea rs  t o  be u n s ta b le .

The f e ld s p a r  i s  e n t i r e l y  p la g io c la s e ,  and i t  i s  g e n e ra l ly  s l i g h t l y  

cloudy. A lb ite  tw in n in g  i s  w e ll d ev e lo p ed , and combined c a r ls b a d  and 

a lb i t e  tw in s  o c cu r . P e r ic l in e  tw in n in g  i s  f a i r l y  common, and t h i s  i s  

u su a lly  su b p e rp e n d ic u la r  t o  th e  a l b i t e  tw in s .  The g r e a t  m a jo r i ty  o f th e  

p la g io c la se  i s  an d es in e  in  th e  ran g e  An^Q _ An^^, b u t some o f  th e  p la g io 

c la se  g ra in s  a re  o p t i c a l l y  p o s i t i v e ,  and have co m p o sitio n s  a s  h igh  as  

about An^^o These more b a s ic  g ra in s  a re  g e n e ra l ly  sm a lle r  th a n  th e  

average, b u t c o n ta c t  r e l a t io n s h ip s  w ith  th e  more so d ic  g r a in s  have no t 

been seen.. The l a b r a d o r i t e  p ro b ab ly  r e p r e s e n t s  r e l i c t  o r ig in a l  gabbro ic  

p la g io c la s e , w hereas th e  an d es in e  i s  a  m etam orphic p la g io c la s e .  T his se

condary p la g io c la s e  h a s  a  low er ca lc iu m  c o n te n t  th a n  th e  o r ig in a l  because 

some calcium  h as  presum ably  been u sed  up in  th e  a l t e r a t i o n  o f pyroxene 

bo ho rnb lende.

Accessory minerals in th is  facies of the metagabbro include apatite
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and o re . ■*-he predom inant o re  in  th e  m etagabbro i s  i lm e n i te ,  which forms 

an h ed ra l g ra in s  o f v a r ia b le  s i z e ,  u s u a l ly  c o n ta in e d  w ith in  gangue c r y s t a l s ,  

b u t sometimes o c c u rr in g  a t  c r y s t a l  b o u n d a r ie s . There a re  a  few sm all 

rounded g ra in s  o f  m a g n e tite . P y r i te  o c c a s io n a lly  o ccu rs  a s  sm all aggre

g a te s  o f a n h e d ra l g r a in s ,  b u t more commonly a lo n g  c le a v a g e s  o r th in  

i r r e g u la r  c ra c k s  in  gangue m in e ra ls ,  in d ic a t in g  a  l a t e  s ta g e  o f fo rm a tio n .

C o arse -g ra in ed  F a c ie s

The c o a r s e r -g ra in e d  f a c i e s  o f th e  m etagabbro a ls o  h as  a r e l i c t  

su b o p h itic  t e x tu r e  in  which th e  p la g io c la s e  l a t h s  have r e c r y s t a l l i z e d  

and th e  pyroxene has been e x te n s iv e ly  a l t e r e d  to  h o rn b le n d e .

H ypersthene o c c a s io n a lly  occu rs  in  t h i s  f a c i e s ,  and h e re  i t  i s  

beginning to  a l t e r  to  brown id d in g s i te  a lo n g  c lea v ag e  p la n e s  and t r a n s 

v erse  c ra c k s .

The a u g i te  o f te n  c o n ta in s  la m e l la r  s c h i l l e r  in c lu s io n s  o f o re , 

p r in c ip a l ly  i lm e n i te .  T h is  s c h i l l e r  s t r u c tu r e  i s  som etim es in h e r i te d  

by the  seco n d ary  hornb lende t o  w hich th e  pyroxene h as  e x te n s iv e ly  a l t e r e d  

(P la te  100)., A lthough  t h i s  a l t e r a t i o n  i s  m ost advanced around th e  pyro

xene m arg ins, a l t e r a t i o n  in  p a tc h e s  and a lo n g  c le a v a g e s  te n d s  to  be 

s l ig h t ly  more developed  th a n  in  th e  f in e r - g r a in e d  f a c i e s .  A gain, th e  

co n tac ts  betw een th e  pyroxene and th e  h o rnb lende  a re  d i f f u s e .  The p leo 

chro ic scheme f o r  th e  h o rnb lende  i s  th e  same a s  t h a t  f o r  th e  f in e r - g ra in e d  

fa c ie s .

Some o f th e  b i o t i t e s  form  sm all l a t h s  which ap p ear t o  be a l t e r in g  

to  ho rnb lende, w hereas o th e r  b i o t i t e s  a re  f a i r l y  l a r g e  and in  some cases



M

P la te  100. S c h i l l e r  s t r u c tu r e  i n h e r i t e d  by secondary  
h o rn b le n d e . H u sfjo rd  m etagabbro . P .P .L . X 8 ^ .

P la te  101. A c t in o l i t i c  f a c i e s .  H u sfjo rd  m etagabbro 
P .P .L . X 9 5 .
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form a t  th e  expense o f h o rn b le n d e . Thus th e r e  a re  two g e n e ra tio n s  of 

b i o t i t e ,  and o c c a s io n a lly  an e a r ly  b i o t i t e  i s  seen  t o  be r e c r y s t a l l i z i n g  

to  a f r e s h - lo o k in g  l a t e  b i o t i t e .

As in  th e  ca se  o f th e  f in e r - g r a in e d  f a c i e s ,  th e  p la g io c la s e  app ears  

to  be o f two c o n t r a s t in g  co m p o sitio n s . T h e ir  co m p o sitio n s  and th e  r e l a 

t io n s h ip s  betw een them a re  th e  same a s  th o se  in  th e  f in e r - g r a in e d  f a c i e s ,  

and r e p re s e n t  b o th  r e l i c t  o r ig in a l  l a b r a d o r i t e  and secondary  metamorphic 

an d esin e .

A c t in o l i t i c  F a c ie s

The t h i r d  f a c i e s  o f th e  m etagabbro i s  o f v a r ia b le  g r a in - s i z e ,  and 

is  c h a ra c te r iz e d  by th e  developm ent o f an a c t i n o l i t i c  am phibole. T h is  

f a c ie s  i s  more commonly developed  in  th e  n o r th e rn  p a r t  o f th e  body, 

although i t  does occur s p o r a d ic a l ly  e lse w h e re .

In  t h i s  f a c i e s ,  on ly  a  t r a c e  o f th e  su b o p h it ic  t e x tu r e  rem ain s, and 

the  rock ap p ea rs  t o  have re c o rd e d  a  lo n g e r  r e c r y s t a l l i z a t i o n  h i s to r y  th a n  

those a lre a d y  d e s c r ib e d . Much o f th e  ro c k  c o n s is t s  o f  h y p id io b la s t ic  

to  a l l o t r i o b l a s t i c  g reen  a c t i n o l i t i c  am phibo le, which o c c a s io n a lly  e x h ib i ts  

rhombic b a s a l  s e c t io n s .  The p le o c h ro ic  scheme o f th e  a c t  i n d i t e  i s  as  

fo llow s:

X s tra w -y e llo w

Ï  olivine-green

2 deep sea-green

Generally, the replacement of the pyroxene is  complete, but in some

cases r e l i c s  o f pyroxene rem ain  in  th e  am phibole m asses. S m all, rounded 

quartz b le b s  a re  common w ith in  th e  a c t i n o l i t e ,  and g iv e  i t  a  s ie v e - l ik e
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or d i a b l a s t i c  t e x tu r e  (P la te  1 0 1 ).

Sm all i r r e g u la r ly - s h a p e d  g ra in s  o f sp  hene a re  common, o f te n  co n ta in ed  

w ith in  th e  a c t i n o l i t e .  Almost in v a r ia b ly  th e  ore g r a in s  a re  rimmed by 

sphene, to  which i t  ap p e a rs  to  be a l t e r i n g .  A s im i la r  phenomenon has 

been d e s c r ib e d  in  th e  B re iv ik b o tn  gabbro and th e  S to re lv  gabbro from 

n o r th e rn  and w es te rn  S/rj6y by S tum pfl and S tu r t  ( I 965 ) .  T h is  a l t e r a t i o n  

in v o lv es  th e  o x id a t io n  o f th e  i lm e n ite  and th e  a d d i t io n  o f Ca and S i ,  

a r e a c t io n  which may be r e p re s e n te d  by th e  fo llo w in g  e q u a tio n :

6Fe0 ,T i02 + O2 6CaO + 6S i02 —> 6GaO.TiO2 .S iO 2 + 2Fe^0^
ilm e n ite  sphene

In  some c a se s  f r e s h  b i o t i t e  l a t h s  o cc u r , and th e s e  te n d  to  have 

a p re fe r re d  o r ie n ta t io n ,  fo rm ing  a  crude s c h i s t o s i t y .  They ap p ear to  

be c o e x is t in g  s ta b ly  w ith  th e  am phibole, and o c c a s io n a lly  th e y  c o n ta in  

in c lu s io n s  o f sphene.

The p la g io c la s e  g e n e ra l ly  form s a  su b e q u ig ra n u la r  m osaic in  which 

th e  g ra in  b o u n d a rie s  a re  i r r e g u l a r ,  b u t n o t s u tu re d . I t  i s  in  th e  com

p o s itio n  ran g e  An35«^o> and no o r ig in a l  l a b r a d o r i t e  rem a in s . A lb ite  

tw ins a re  common, b u t p e r i c l in e  tw in n in g  i s  more u n u su a l; when i t  does 

occur i t  i s  su b p e rp e n d ic u la r  to  th e  a l b i t e  tw in s .

O c c a s io n a lly , p la g io c la s e  i s  s l i g h t l y  a l t e r e d  t o  c l i n o z o i s i t e .  In  

these  a re a s  some o f  th e  so d ic  p la g io c la s e  i s  found to  be o p t ic a l ly  p o s i t iv e ,  

and appears t o  be a l b i t e ,  a lth o u g h  in  g e n e ra l  th e  p la g io c la s e  i s  of 

o lig o c la se  o r so d ic  an d es in e  c o m p o sitio n .

In  a few c a se s  a  f a i r  amount o f p a le  y e llo w  e p id o te  h as  formed from 

p la g io c la se . H ere , th e  p la g io c la s e  i s  o l ig o c la s e ,  and th e  ne ighbouring  

a c t in o l i te  has a d i s t i n c t l y  tu rq u o is e  t i n g e ,  in d ic a t in g  t h a t  i t  i s  s l i g h t l y
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s o d ic . I t  i s  p o s s ib le  t h a t  th e  sodium l i b e r a t e d  d u rin g  th e  fo rm atio n  

of e p id o te  h as  been  in c o rp o ra te d  in  th e  am phibole r a th e r  th a n  in  th e  

r e c r y s t a l l i z i n g  p la g io c la s e .

N o r i t ic  F a c ie s

At jÿ y fjo rd , where th e  m etagabbro c o n ta in s  numerous r a f t s  o f m eta- 

sed im en tary  m a te r ia l ,  a  co n tam in a ted  f a c i e s  i s  developed . H ere , i t  i s  

o f te n  c o a rs e -g ra in e d  and h as  a r a th e r  p o o rly -fo rm ed  s u b o p h itic  te x tu r e .

The predom inant pyroxene i s  h y p e rs th e n e , g iv in g  th e  ro ck  a n o r i t i c  a s 

p e c t. Sometimes th e  h y p e rs th en e  i s  v a r ia b ly  a l t e r e d  to  id d in g s i t e  or 

s e rp e n tin e .

In  m ost c a s e s ,  h y p e rs th e n e  i s  rimmed by g reen  ho rnb lende  to  which 

i t  i s  a l t e r i n g .  The p le o c h ro ic  scheme o f t h i s  ho rn b len d e  ap p ears  below:

X p a le  b u f f  

Y mid o l iv in e -g re e n  

Z mid g ra s s -g re e n  

O ccasionally  t h i s  am phibole h as  a  tu rq u o is e  t in g e  t o  i t .

A ccessory  m in e ra ls  in c lu d e  rag g ed  b i o t i t e  l a t h s ,  a p a t i t e ,  and 

ore . The l a t t e r  i s  p r in c ip a l ly  i lm e n i te ,  which o c c a s io n a lly  envelops 

hornblende, in d ic a t in g  a  l a t e  s ta g e  o f fo rm a tio n .

F e ld s o a th iz a t io n

At th e  so u th e rn  end o f th e  Ramnes p e n in su la  th e  m etagabbro has /

s l ig h t ly  f e ld s p a th iz e d ,  a p p a re n tly  in  co n n e c tio n  w ith  th e  m ig m atiza tio n  

th a t has a ls o  a f f e c te d  some o f th e  c o u n try  rocks#
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H ere , th e  m etagabbro i s  v a r ia b ly  am p h ib o lized , and where t h i s  i s  

most e x te n s iv e  th e  g reen  ho rn b len d e  h as  a d i a b l a s t i c  t e x tu r e  w ith  

numerous sm all rounded q u a r tz  in c lu s io n s .  B io t i t e  i s  growing from 

pyroxene, and i t s  d i f f u s e  c o n ta c ts  w ith  hornb lende  su g g e s t t h a t  i t  may 

be growing from  t h i s  m in e ra l a s  w e ll .

P o tash  f e ld s p a r  p o rp h y ro b la s ts  a re  a l l o t r i o b l a s t i c ,  g e n e ra l ly  b e in g  

ovoid in  shap e . They a re  s l i g h t l y  p e r t h i t i c ,  and a l i t t l e  myrmekite i s  

sometimes developed  a t  th e  po rphyr o b la s t  m arg ins where c o n ta c t  w ith  p la 

g io c la se  i s  made. Q uartz  in c lu s io n s  a l s o  occur in  th e  p o rp h y ro b la s ts .

In  some c a se s  th e  p o ta sh  f e ld s p a r s  have a rim  c o n s is t in g  o f a  m osaic o f 

p la g io c la se  and q u a r tz ,  and i t  would ap p ear t h a t  th e  p e r t h i t i c  p o ta sh  

fe ld s p a rs  have r e c r y s t a l l i z e d  a t  t h e i r  m arg in s , fo rm ing  a  so d ic  p la g io 

c la se  and q u a r tz .

The m etagabbro h e re  c o n ta in s  numerous q u a r tz o - f e ld s p a th ic  v e in s  and 

s tr e a k s ,  which in  th e  f i e l d  a re  seen  to  have t h e i r  o r ig in  in  th e  psam m itic 

m etasedim ents o f  n ea rb y  r a f t s .  These v e in s  c o n s is t  o f a  m osaic o f 

p la g io c la se  and q u a r tz  in  which th e  g r a in  b o u n d a rie s  a r e  i r r e g u la r ,  b u t 

not m arkedly s u tu re d . The v e in s  have s h a rp ly -d e f in e d  m argins b u t in c o r

p o ra te  a l i t t l e  gabbro a t  t h e i r  m arg in s .

Therm al Metamorphism

The H u s fjo rd  m etagabbro h as  been th e rm a lly  metamorphosed by th e  

la rg e  H avnefjo rd  d i o r i t e .  As th e  c o n ta c t  i s  ap p ro ach ed , th e  pyroxene, 

which has a l r e a d y  been s l i g h t l y  a l t e r e d  to  am phibole d u rin g  th e  p reced in g  

reg ional m etam orphism , becomes p ro g re s s iv e ly  more and more am phibo lized .
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A lthough th e  pyroxene becomes co m p le te ly  o r a lm o st e n t i r e l y  re p la c e d  

by am phibo le , th e  s u b o p h it ic  t e x tu r e  o f th e  m etagabbro  i s  s t i l l  p re se rv e d .

The h o rn b len d e  dev e lo p s  a marked d i a b l a s t i c  t e x t u r e ,  becoming s ie v e d  

by sm all rounded q u a r tz  b le b s  ( P la te  1 0 2 ) . I t  i s  g e n e r a l ly  p a le  y e llo w -

green  to  tu rq u o is e  in  c o lo u r , w ith  th e  fo llo w in g  p le o c h ro ic  scheme:

X s tra w  y e llo w

Y mid g reen

Z tu r z u o is e - g re e n

The c o re s  o f pyroxene which rem ained  w ith in  th e  h o rn b len d e  a f t e r  

th e  r e g io n a l  metamorphism have now a l t e r e d  to  an a g g re g a te  o f f ib ro u s  

t r e m o l i t e - a c t i n o l i t e  w ith  th e  fo llo w in g  p leo ch ro ism :

X a lm o st c o lo u r le s s

Y p a le  l i g h t  g ree n

Z p a le  l i g h t  g re en

P la g io c la s e  i s  e s s e n t i a l l y  so d ic  an d es in e  in  th e  ran g e  An^^_^o#

But th e re  a r e  a l s o  some in d i s t in c t ly - tw in n e d  g ra in s  whose r e f r a c t iv e  

in d ices  a re  a p p ro x im a te ly  th e  same a s  b a lsam , and w hich a re  o p t i c a l ly  

p o s it iv e ;  th e s e  a re  presum ably a l b i t e  o r so d ic  o lig o c la se *

In  some c a s e s  g re e n ish -y e llo w  e p id o te  o c c u rs . T here i s  u s u a lly  

co n s id e rab le  b i o t i t e ,  which i s  o f t  en  la r g e  and w hich f r e q u e n t ly  en c lo ses  

g ra in s  o f sphene and e p id o te .  Sphene commonly form s co ro n as  around 

ilm en ite  g r a in s .

O ccasional f e ld s p a r  po rp h y r o b la s ts  form  in  th e  m etagabbro . These 

a l l o t r i o b l a s t i c  t o  h y p id io b la s t i c ,  som etim es b e in g  su b re c ta n g u la r  

in  shape. They a re  u s u a l ly  o f  o l ig o c la s e  co m p o sitio n , and a re  g e n e ra l ly  

poorly tw inned . They a re  o f te n  s tro n g ly  a n t i p e r t h i t i c  w ith  i r r e g u la r



P late  102. D ia b la stic  textu re in  secondary hornblende 
a fte r  pyroxene; b lebs are o f quartz. Husfjord meta
gabbro. P .P .L . X 8 5 .

P la te  103 . I n c lu s io n s  i n  p la g io c la s e  p o rp h y reb l a s t s .  
H u sfjo rd  m etagabbro . X -P l. X 2 5 .
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p a tc h e s  o f  p o ta sh  f e ld s p a r ,  w hich tem se lv es  a r e  som etim es h a i r  p e r t h i t e .  

Some o f th e  p o rp h y ro b la s ts  c o n ta in  some f in e  a p a t i t e  n e e d le s  w hich a re  

random ly o r ie n ta te d ,  and a l s o  a few sm all q u a r tz  in c lu s io n s .

A common f e a tu r e  o f th e  p o rp h y r o b la s ts  i s  th e  in c lu s io n  o f numerous 

sm all pyroxene g r a in s  v iiich  a re  in  th e  p ro c e ss  o f a l t e r i n g  to  d i a b l a s t i c  

hornb lende ( P la te  IO3 ) .  O ccas io n a l sm all b i o t i t e s  a re  a l s o  e n c lo sed  

w ith in  th e  f e ld s p a r s .

T r o c t e l i t e s

The t r o c t o l i t e  le n s e s  in  th e  H u s f jo rd  m etagabbro a re  r i c h  in  o l iv in e ,  

which i s  b e g in n in g  t o  a l t e r  t o  o re  and a n t i g o r i t e ,  e s p e c ia l ly  a long  

c ra ck s . Alm ost in v a r ia b ly  th e  o l iv in e  i s  rimmed e i t h e r  by e n s t a t i t i c  

orthopyroxene o r a  f ib r o u s ,  c o lo u r le s s  am phibo le, p ro b a b ly  cummingtonit e . 

O rthopyroxene i s  th e  more common, a lth o u g h  som etim es th e y  bo th  o ccu r.

In  th e  l a t t e r  c a s e ,  th e  o rth o p y ro x en e  l i e s  betw een th e  o l iv in e  and th e  

amphibole*

01 in o p y r oxene, w hich o f te n  e n c lo s e s  o l i v in e ,  i s  e x te n s iv e ly  a l t e r e d  

to  a brown h o rn b le n d e , w hich a ls o  en v e lo p s  th e  o rthopyroxene/cum m ing ton ite  

coronas*

The H ornblende p leo ch ro ism  i s  a s  fo llo w s  :

X a lm o st c o lo u r le s s  

I  k h a k i-b u f f  

Z d a rk  fawn

The amount o f  p la g io c la s e  v a r i e s  from  body t o  body, b u t th e re  i s  

always some p re se n t*  I t  i s  b a s ic  l a b r a d o r i t e ,  h av in g  a  maximum a n o r th i t e
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c o n te n t o f An^o» and i s  tw inned  on b o th  a l b i t e  and p e r i c l i n e  law s.

Combined c a r ls b a d  and a l b i t e  tw in s  a l s o  o c c u r. Some c r y s t a l s  a re  s l i g h t l y  

s e r i c i t i z e d .  I n  th e  neighbourhood o f  th e  o l i v in e s ,  th e  p la g io c la s e s  in  

p a r t i c u l a r ,  b u t  a l s o  o th e r  m in e ra ls ,  a r e  e x te n s iv e ly  c ra c k e d . The c ra c k s  

a re  i r r e g u l a r  and c lo s e ly  spaced  and r a d i a t e  o u t su b p e rp e n d ic u la r ly  to  

th e  m arg ins o f  th e  o l iv in e s  ( P la te  IO4,) . These c ra c k s  a re  expansion  

c rack s  form ed d u r in g  th e  a l t e r a t i o n  o f o l iv in e  t o  o rth o p y ro x en e . T h is  

r e a c t io n  i s  accom panied by an  in c re a s e  in  volume (H a tch , W ells , and 

W ells, 1961) ,  w hich cau ses  th e  fo rm a tio n  o f  c ra c k s  i n  th e  n e ig h b o u rin g  

m in e ra ls .

There i s  o n ly  a l i t t l e  b i o t i t e ,  and t h i s  ap p ea rs  t o  p re -d a te  th e  

h o rn b len d e .

The o re s  in c lu d e  b o th  o x id es  and s u lp h id e s .  I lm e n ite  and m ag n e tite  

both o ccu r a s  f a i r l y  l a r g e  a n h e d ra l g r a in s ,  w hich have r e c r y s t a l l i z e d  

and now p a r t l y  e n c lo se  gangue m in e ra ls  and o c c a s io n a l ly  c o n ta in  in c lu 

s io n s o f them . Sm all g r a in s  o f p y r r h o t i t e  a r e  common and th e s e  in v a r ia b ly  

have p a tc h e s ,  la m e l la e ,  o r  f la m e - l ik e  in te rg ro w th s  o f p e n t la n d i te ,  proba

b ly  due to  e x s o lu t io n .  R a re ly , th e se  com posite  g r a in s  a ls o  c o n ta in  a 

l i t t l e  p a tc h  o f  c h a lc o p y r i te .  They a te  som etim es p a r t l y  a l t e r e d  to  

g o e th i te ,  w hich e i t h e r  r im s  th e  su lp h id e s  o r grows from  w ith in .  When 

the  a l t e r a t i o n  h as  p roceeded  f a r ,  on ly  r e l i c s  o f p y r r h o t i t e  and p e n tla n 

d i te  occur w ith in  th e  g o e th i t e ,  and a  few  g r a in s  have been ccxnpletely  

pseudomorphed by g o e th i t e .  The o re  w hich o ccu rs  a long  th e  c ra c k s  in  th e  

a l te re d  o l iv in e  i s  m a g n e ti te .

The m etagabbro  n e x t t o  th e  t r o c t o l i t e s  i s  g e n e r a l ly  c o n s id e ra b ly
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P la te  104 . Expansion  c ra c k s  around  a l t e r e d  d i v i n e  
g r a in s .  T r o c t o l i t e .  P .P .L . X 85*

P la te  1 05 . Ore n e e d le s  i n  b i o t i t e .  
P .P .L . X 9 5 .

T r o c to l i t e
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am p h ib o lized , and i s  f a i r l y  r i c h  i n  b i o t i t e ,  in d ic a t in g  t h a t  th e r e  has 

been a c o n s id e ra b le  amount o f w a te r  p r e s e n t  h e re  d u r in g  metamorphism.

The c o n ta c t  betw een th e  t r o c t o l i t e  and th e  m etagabbro  p ro b ab ly  p ro v id ed  

a p lan e  a lo n g  w hich f l u i d s  c o u ld  have r e a d i ly  p e n e t r a te d .

U l t r a b a s ic  ro c k s ,  p ro b ab ly  t r o c t o l i t e ,  occu r a s  r e l i c s  w ith in  th e  

H avnefjo rd  d i o r i t e .  In  th e s e ,  a  r e l i c t  o p h i t ic  t e x tu r e  i s  p re se rv e d  

in  which th e  p la g io c la s e  i s  l a b r a d o r i t e ,  and o n ly  a  l i t t l e - c l i n o p y r  oxene 

rem ains.

The ro ck  h a s  been  c o n s id e ra b ly  a m p h ib o lized , and th e r e  a re  two 

d i s t i n c t l y  d i f f e r e n t  am phiboles# One i s  a  brown h o rn b len d e  which 

o c c a s io n a lly  c o n ta in s  c lo u d s  o f f i n e l y  d is s e m in a te d  o r e ,  and which h as  

th e  fo llo w in g  p le o c h ro ic  scheme:

X l i g h t  k h a k i

Y mid brown

Z g reen ish -b ro w n  

The o th e r  am phibole i s  a  p a le  g ree n  a c t i n o l i t e  w hich i s  seen  to  be 

form ing a t  th e  expense o f th e  brown h o rn b le n d e . I t  c o n ta in s  d if fu s e  

r e l i c s  o f h o rn b le n d e , and a ls o  o f  b i o t i t e ,  and i t s  p le o c h ro ic  scheme 

i s  as fo llo w s :

X p a le  y e llo w ish -k h a k i

Y p a le  g reen

Z p a le  s la ty - g r e e n

B io t i t e  i s  o f two g e n e ra tio n s*  E a r ly  b i o t i t e s  a re  a l t e r in g  to  

the, g reen  a c t i n o l i t i c  am phibo le, and som etim es occur a s  d i f f u s e  in c lu s io n s  

w ith in  i t .  The l a t e r  b i o t i t e  i s  o f te n  l a r g e ,  f a i r l y  p a le  i n  c o lo u r .



167

and som etim es p o lk i l o b l a s t i c . The l a t e  b i o t i t e s  commonly c o n ta in  in c lu 

s io n s  o f o re  which occur a s  b le b s  and a s  m in u te , f in e  n e e d le s .  These 

n e e d le s  a re  g e n e ra l ly  o r ie n ta te d  e i t h e r  p a r a l l e l  to  th e  c le av a g e  p lan es  

of th e  b i o t i t e ,  or su b p e rp e n d ic u la r  (70^ -  85°) t o  one a n o th e r ,  th e  

an g le  betw een them b e in g  b is e c te d  by th e  c le a v a g e . Sometimes b o th  th e se  

o r ie n ta t io n s  occur to g e th e r .  On some b a s a l  s e c t io n s  th e  n e e d le s  t re n d  

in  th r e e  d i r e c t io n s  e x a c t ly  a t  60^ t o  one a n o th e r  ( P la te  1 0 5 ) . T h is  

p a t t e r n  re sem b les  th e  p e rc u s s io n  f ig u r e  c h a r a c t e r i s t i c  o f  some s t r a in e d  

b i o t i t e s  (D eer, Howie, and Zussman, 1 9 6 2 ).

The fo rm er p re se n ce  o f o l iv in e  i s  in d ic a te d  by o c c a s io n a l pseudo- 

morphs o f  o re  and id d in g s i t e ,  th e  l a t t e r  i t s e l f  now a l t e r e d  to  a  brown 

a l t e r a t i o n  p ro d u c t.

E a r ly  D io r i te s

The e a r ly  d i o r i t e  bands have been  em placed in to  th e  H u sfjo rd  meta

gabbro and a re  e s s e n t i a l l y  p y ro x e n e -m ic a -d io r i te s , o c c a s io n a lly  w ith  

a l i t t l e  i n t e r s t i t i a l  q u a r tz  (T ab le  2 ) .

The p r in c ip a l  pyroxene i s  h y p e rs th en e  and t h i s  i s  p le o c h ro ic  from 

p in k ish -b u ff  t o  p a le  g re e n . The h y p e rs th e n e  and th e  l a r g e r  f e ld s p a r  

c r y s ta l s  te n d  t o  have a  p r e f e r r e d  o r ie n ta t i o n  p a r a l l e l  t o  th e  c o n ta c ts  

of th e  d i o r i t e  b an d s . In  many c a se s  th e r e  h as  been no post-em placem ent 

sh ea rin g , and th e  o r i e n ta t i o n  would a p p e a r  t o  be a f lu x io n  s t r u c tu r e .

F e ld sp a r  o ccu rs  b o th  a s  p o ta sh  f e ld s p a r  and p la g io c la s e  o f compo

s i t io n  Both ty p e s  o f  f e ld s p a r  occu r a s  p h e n o c ry s ts , th e  la r g e

p la g io c la se  c r y s t a l s  som etim es b e in g  s l i g h t l y  deform ed. The p la g io c la s e  

phenocrysts a re  g e n e ra l ly  a n t i p e r t h i t i c ,  w ith  i r r e g u l a r  p a tc h e s  o f p o ta sh



TABLE 2

MODAL ANALYSES OF EARLY DIOHITES

M inera l •?6/44A 36/201A 36/54D1 36/lOOj

P la g io c la s e 67 .15 73 .5 7 58 .03 33 .30 4&.00

K -fe ld sp a r 1 5 .29 9 .3 2 28 .06 46 .00 38.69

Q uartz 0 .4 8 6 .1 2 - 1 8 .59 -

Myrmekite 2 .3 4 - 0 .7 6 - -

Hyper s th en e 6 .4 2 9 .0 9 9 .0 6 0 .9 1 8 .41

B io t i te 3 .5 7 0 .08 0 .3 0 0 .6 3 0.68

Ore 3 .9 6 1 .5 6 3 .16 0 .8 9 3 .48

Hornblende - - 0 .2 6 - -

A p a tite 0 .5 5 0 .2 9 0 .5 0 - 0 .1 2

Z ircon 0 .2 4 - - - CL34

10 0 .0 0 1 0 0 .0 3 10 0 .1 3 100 .32 9 9 .72

1 : Modal a n a ly s is  c a r r i e d  out by macro p o in t  co u n tin g  te c h n iq u e s

See A ppendix.
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f e ld s p a r .  P o ta sh  f e ld s p a r  raeg acry sts  a re  o f te n  rimmed by lo b e s  o f myrmekite 

where c o n ta c t  w ith  p la g io c la s e  i s  made.

B i o t i t e  i s  form ed from  h y p e rs th e n e , and th e  r e a c t io n  o ccu rs  m ain ly  

a t  th e  c o n ta c ts  betw een h y p e rs th e n e  and p o ta sh  f e ld s p a r .  The b i o t i t e s  

u s u a lly  c o n ta in  numerous rounded  and v e rm ic u la r  in c lu s io n s  o f q u a r tz .  

Sometimes th e  q u a r tz  i s  so  ab undan t t h a t  th e  b i o t i t e  h a s  a  f r i t t e r e d  or 

d a c ty l i t  i c  a p p e a ra n c e . T h is  v e rm ic u la r  o r d a c ty l  i t  i c  b i o t i t e  i s  f r e 

q u en tly  c lo s e ly  a s s o c ia te d ,  and som etim es in te rg ro w n  w ith ,  m yrm ekite 

(P la te  1 0 6 ). I t  would seem t h a t  th e  developm ent o f t h i s  p a r t i c u l a r  

myrmekite from  p o ta sh  f e ld s p a r  i s  l in k e d  w ith  th e  fo rm a tio n  o f th e  b i o t i t e  

from hyper s th e n e . The two r e a c t io n s  in v o lv ed  ap p ea r t o  be m u tu a lly  

a s s i s t a n t ,  and s in c e  th e y  p ro b a b ly  to o k  p la c e  d u r in g  l a t e  s ta g e  metamor

phism, a re  d is c u s s e d  in  more d e t a i l  on p . 302 .
A l a t e  m etasom atism  seems t o  have a f f e c te d  th e  e a r ly  d i o r i t e s ,  s in c e  

o c c a s io n a lly  h y p er s th e n e  i s  a l t e r e d  co m p le te ly  t o  a g g re g a te s  o f b i o t i t e  

and tu rq u o is e  am phibo le , and th e  f e ld s p a r s  become v e ry  c lo u d y  and s e r i -  

c i t iz e d .  Sphene i s  common, th e r e  i s  a  l i t t l e  e p id o te ,  and a  few r a r e  

g ra in s  o f s c h o r l i t e .  Sm all rem nan ts o f  h o rn fe ls e d  m etagabbro  en c lo sed  

w ith in  th e  d i o r i t e  a r e  a l s o  m etaso m atized , g ra in s  o f pyroxene having  

a l te re d  t o  so d ic  am phibole and q u a r tz .  I t  ap p e a rs  t h a t  th e  d io r i t e  

co n tac ts  have c h a n n e lle d  th e  m etasom atic  f l u i d s ,  s in c e  th e  a l t e r a t i o n  

is  confined  t o  th e  m arg ins o f th e  d i o r i t e  bands.

The p r in c ip a l  o re  in  th e s e  d i o r i t e s  i s  i lm e n ite  which occurs m ainly  

ss la rg e ,  i r r e g u l a r ,  o f te n  e lo n g a te  g r a in s .  The e lo n g a te  g ra in s  a re  

o r ie n ta te d  s u b p a r a l le l  to  one a n o th e r  and t o  th e  f lu x io n  s t r u c tu r e  o f th e



P la te  1 0 6 . Vermicular b io t i t e  and myrmekite. Early 
d io r it e .  X -P l. X I 7 0 .

■I■«

#  *• .  - L

I -J

P late  1 0 7 . D a c ty lit ic  orthopyroxene and myrmekite. 
Early d io r ite /u ltr a b a s ic  con tact. P .P .L . X 8 3 .
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d i o r i t e .  The e x t r e m it ie s  o f th e  lo n g  g r a in s  a re  o f te n  fragm en ted  in to  

t r a in s  o f sm all a n g u la r  g r a in s ,  su g g e s tin g  t h a t  th e y  have s u f f e re d  de

fo rm a tio n .

M ag n e tite  a l s o  o c c u rs , and t h i s  form s a n h e d ra l g r a in s  o f v a r io u s  

s iz e s .  O c c a s io n a lly  th e y  c o n ta in  s t r a i g h t - s i d e d  la m e lla e  o f i lm e n i te ,  

presum ably an e x s o lu t io n  phenomenon. P y r i t e  som etim es o ccu rs  a t  th e  

m argins o f o th e r  o r e s ,  and i t  a l s o  p e n e t r a te s  in to  v e ry  f in e  c ra c k s  in  

some o f th e  s i l i c a t e s ,  s u g g e s tin g  a  l a t e  c r y s t a l l i z a t i o n  (o r  r e c r y s t a l l i z a 

t io n ) .  Some o f th e  p y r i t e  i s  a l t e r i n g  t o  g o e th i t e .

The H u s f jo rd  m etagabbro h as  been  h o rn fe ls e d  by th e  e a r ly  d i o r i t e s ,  

and t h i s  h o r n fe ls in g  p o s t- d a te s  th e  peak o f th e  r e g io n a l  metamorphism, 

s in ce  a f in e - g r a in e d  g ra n o b la s t ic  h o r n f e l s ic  t e x tu r e  o v e rp r in ts  th e  

re g io n a l met am orphic te x tu r e  and m in e ra lo g y . A pyroxene h o rn fe ls  i s  

developed in  w hich th e  pyroxenes in c lu d e  rounded g r a in s  o f b o th  h y p e rs -  

thene and c lin o p y ro x e n e , and th e  sm all p la g io c la s e  c r y s t a l s  a re  b a s ic  

andesine in  th e  ran g e  At th e  c o n ta c t  i t s e l f  t h e r e  i s  only

pyroxene, p la g io c la s e ,  and o re ,  b u t ab o u t 5 mm. from  th e  c o n ta c t  th e se  

are accompanied by ho rn b len d e  and b i o t i t e .  The b i o t i t e s  form sm all l a t h s  

which appear t o  be fo rm ing  from  h o rn b le n d e , and th e s e  te n d  to  have ^ 

p re fe r re d  o r i e n ta t i o n  in d ic a t in g  t h a t  th e y  p ro b ab ly  c r y s t a l l i z e d  d u rin g  

the ?2 movements.

An i n t e r e s t i n g  phenomenon o ccu rs  where an  e a r ly  q u a r tz -b e a r in g  

d io r i te  makes c o n ta c t  w ith  a  t r o c t e l i t e  l e n s .  Where th e  p o ta sh  f e ld s p a r  

of th e  d i o r i t e  makes c o n ta c t  w ith  c lin o p y ro x e n e  in  th e  u l t r a b a s i c  ro c k , 

the pyroxene i s  f r in g e d  w ith  o rthopyroxene  and th e  p o ta sh  f e ld s p a r  i s
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re p la c e d  by m yrm ekite . O c c a s io n a lly  v e rm ic u la r  in te rg ro w th s  betw een 

o rthopyroxene  and m yrm ekite d ev e lo p , w hich in  some c a s e s  form  d a c t y l i t e  

(P la te  107 ) .  T h is  r e a c t io n  n ev e r ta k e s  p la c e  where c lin o p y ro x e n e  m eets 

q u a r tz  o r p la g io c la s e  in  th e  d i o r i t e .  W hether th e  r e a c t io n  i s  a  p r i 

mary f e a t u r e ,  fo rm ing  a t  th e  tim e o f th e  d i o r i t e  em placem ent, o r a 

secondary  met am orphic f e a tu r e  i s  n o t c l e a r .  In  e i t h e r  c a se  i t  i s  a p p a re n t 

t h a t  a t  some tim e  c lin o p y ro x e n e -p o ta s h  f e ld s p a r  b o u n d a rie s  were c h e m ica lly  

u n s ta b le  and a  r e a c t io n  to o k  p la c e .  The e q u a tio n  o f th e  r e a c t io n  m ight 

be s im p l i f ie d  a s  fo llo w s :

G a0 .(M g .F e)0 .2S i02  +
c lin o p y ro x e n e  p e r t h i t i c  p o ta sh  f e ld s p a r

(M g .F e)0 .S i02  + 2 [ iW a 2 0 .^ a 0 .41203 . 43102] + 53102 + K2O
o rth o p y ro x en e  p la g io c la s e  _______ q u a r t ^

m yrm ekite

Metamornhi.qm

In  p la c e s  th e  e a r ly  d i o r i t e s  have b een  m etam orphosed by th e  Havne- 

f jo rd  d i o r i t e ,  and a l s o  by th e  l a t e  c o a r s e -g ra in e d  pyroxene-m ica  d i o r i t e s .  

In  th e se  a l t e r e d  d i o r i t e s ,  th e  h y p e rs th e n e  h a s  been  r e p la c e d  by tu rq u o is e  

amphibole w hich now form s a g g re g a te s  pseudom orphing th e  p y roxene . The 

amphibole i s  p le o c h ro ic  from  l i g h t  y e l lo w is h -g re e n  t o  tu rq u o is e  g reen .

The am phibole in  th e  c e n t r a l  p a r t s  o f  th e  a g g re g a te s  have a  d i a b l a s t i c  

te x tu re ,  c o n ta in in g  numerous sm a ll rounded  b le b s  o f  q u a r tz .

B io t i t e  i s  common around  th e  m arg ins o f th e  am phibole a g g re g a te s ,  

i t  a l s o  c o n ta in s  b le b  and v e rm ic u le s  o f q u a r tz .  I n  p la c e s  i t  can  

Be seen t o  be fo rm ing  from  th e  am phibo le , som etim es c o n ta in in g  d i a b l a s t i c  

amphibole r e l i c s  w i th in  i t »
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Ore i s  f r e q u e n t ly ,  b u t  n o t in v a r ia b ly ,  rimmed by sphene , and th e re  

i s  o c c a s io n a l ly  a  l i t t l e  e p id o te .

The p o ta sh  f e ld s p a r s  a re  g e n e r a l ly  c lo u d y , e s p e c i a l l y  around th e  

b o rd e rs  o f th e  m e g a c ry s ts , and m yrm ekite o f te n  f r i n g e s  th e  p o ta sh  f e l d 

s p a rs .

I n  two in s ta n c e s  r e l i c t  c o n ta c ts  betw een  e a r ly  d i o r i t e s  and m eta

gabbro a r e  p re se rv e d  w ith in  th e  H av n e fjo rd  d i o r i t e  ( P la te  108 , c f .  P la te  

109) .  The pyroxenes o f  th e  h o rn fe ls e d  m etagabbro  a t  th e  c o n ta c t  a re  

a l t e r e d  in  a  s im i la r  way t o  th o se  o f th e  d i o r i t e  i t s e l f ,  and a re  re p la c e d  

by sm all a g g re g a te s  o f d i a b l a s t i c  tu rq u o is e - g re e n  am phibole and b i o t i t e .  

The s i m i l a r i t y  o f th e  m in era lo g y  o f th e  ro c k s  on e i t h e r  s id e  o f th e  con

t a c t  ap p ea rs  t o  in d ic a te  t h a t  th e  r e a c t io n  t h a t  h as  o c c u rre d  r e p re s e n ts  

an example o f m etam orphic co n v erg en ce . I n  t h i s  ca se  i t  seems t h a t  sodium 

in  p a r t i c u l a r  h a s  b een  m obile  and h as  m ig ra te d  from  th e  d i o r i t e  to  th e  

m etagabbro.

P e g m a tite s

The p e g m a tite s  t h a t  have been  em placed in to  th e  H usf Jo rd  m etagabbro 

co n ta in  q u a r tz ,  p o ta sh  f e l d s p a r ,  and som etim es p la g io c la s e .  The p la g io 

c la se  i s  g e n e r a l ly  o l ig o c la s e ,  b u t i n  some c a s e s  an un tw inned  p la g io c la s e  

occurs w hich i s  o p t i c a l l y  p o s i t iv e  and h a s  a  r e f r a c t i v e  in d e x  low er th a n  

th a t  o f q u a r tz ,  and t h i s  i s  p resum ably  a lb  i t  e .  When p la g io c la s e  occurs 

i t  i s  o f te n  a n t i p e r t h i t i c ,  b u t p e r t h i t i c  p o ta sh  f e ld s p a r  i s  n o t common. 

However, m yrm ekite o c c a s io n a l ly  o ccu rs  a t  th e  b o rd e rs  o f  p o ta sh  f e ld s p a r  

g ra in s .



P la te  108 • R e l i c t  m etam orphosed e a r ly  d i o r i t e /  
m etagabbro c o n ta c t .  P .P .L . X 2 3 .

P la te  1 09 . O r ig in a l  unm etam orphosed e a r ly  d i o r i t e /  
m etagabbro c o n ta c t .  X -P l. X 23#
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Many o f  th e  p e g m a tite s  c o n ta in  a l i t t l e  b i o t i t e ,  w hich i s  u s u a l ly  

r a th e r  rag g ed  in  a p p ea ra n c e . Sometimes th e r e  i s  a  l i t t l e  o re ,  and 

r a r e l y ,  z i r c o n ,  a lth o u g h  one re d -w e a th e r in g  p eg m a tite  on th e  Ramnes 

p e n in su la  i s  f a i r l y  abundan t in  o re  and z i r c o n .  I n  one p e g m a tite  th e re  

a re  a  few s c h o r l i t e  c r y s t a l s ,  w hich a re  s t r o n g ly  p le o c h ro ic  from  b u f f  to  

s la ty - b lu e .

None o f th e  p e g m a tite s  a re  f r e s h ;  a l l  have r e c r y s t a l l i z e d ,  presum ably  

during  th e  r e g io n a l  m etam orphism , and th e  f e ld s p a r s  a re  u s u a l ly  c lo u d y .

The m yrm ekite p ro b a b ly  form ed d u r in g  th e  r e c r y s t a l l i z a t i o n ,  and many 

g ra in  b o u n d a r ie s  a re  cm m only  h ig h ly  s u tu r e d ,  e s p e c ia l ly  in  th e  case  o f 

q u a r tz /q u a r tz  b o u n d a r ie s .

Many p e g m a tite s  have s u f f e r e d  d e fo rm a tio n  in  w hich i r r e g u l a r l y -  

shaped q u a r tz  c r y s t a l s  e x h ib i t  u n d u lo se  e x t in c t io n .  I n  one p eg m atite  

not on ly  h a s  th e  q u a r tz  been  s t r o n g ly  s t r a i n e d ,  b u t th e  p o ta sh  f e ld s p a r  

m egacrysts have g ra n u la te d  m a rg in s , and a  m o rta r  t e x tu r e  i s  d ev e lo p ed .

The m etagabbro  in  th e  neighbourhood  o f  th e  p e g m a tite s  c o n ta in s  a 

c o n s id e ra b le  amount o f  hydrous m in e ra ls ,  and o n ly  a  l i t t l e  h ig h ly - a l t e r e d  

pyroxene re m a in s , m ost o f  i t  h av in g  been  am p h ib o lized . G reen hornb lende 

i s  abundan t, and g e n e r a l ly  form s a  d i a b l a s t i c  t e x t u r e ,  c o n ta in in g  numerous 

q u artz  b le b s .  In  some c a s e s  th e r e  i s  a  l a r g e  number o f  rounded and 

e lo n g ate  g r a in s  o f  o re  c o n ta in e d  w ith in  o r o c c u r r in g  around  th e  h o rn b len 

des (P la te  1 1 0 ). They a r e  c lo s e ly  a s s o c ia te d  w ith  th e  h o rn b le n d e , and a re  

probably  form ed from  e x c e ss  o re  r e s u l t i n g  from  th e  a m p h ib o liz a tio n  p ro c e ss .

In  many c a s e s ,  l a r g e  p o i k i l o b l a s t i c  b i o t i t e s  occu r c o n ta in in g  

in c lu s io n s  o f  q u a r tz  and a p a t i t e  ( P la te  1 1 1 ) , and th e y  ccxnmonly e n c lo se  

d ia b la s t ic  h o rn b len d e  from  w hich th e y  can  be seen  t o  be fo rm ing  ( P la te  112) #



P la te  110 . E x s o lu tio n  la m e lla e  and b le b s  o f  o re  
a s s o c ia te d  w ith  d i a b l a s t i c  h o rn b le n d e . H u s fjo rd  
m etagabbro . P .P .L . X 8 5 .



P la te  111. P o ik ilo b la s t ic  b io t i t e .  Husfjord meta
gabbro. P .P .L . X 2 5 .

P la te  112. R e lic t  d ia b la s t ic  hornblende in  b io t i t e  
Husfjord metagabbro. P .P .L . X 8 3 .
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P la g io c la s e  h as  r e c r y s t a l l i z e d  in to  a  p o ly g o n a l m osaic o f g ra in s  - 

o f o l ig o c la s e  o r so d ic  a n d e s in e . In  m ost c a se s  th e y  a re  ap p ro x im a te ly  

An^^, b u t p la g io c la s e  in  th e  ra n g e  An2^_20 been  found  in  some examples. 

There i s  u s u a l ly  a f a i r  amount o f q u a r tz ,  u s u a l ly  i n t e r s t i t i a l ,  b u t 

sometimes a l s o  o c c u rr in g  a s  l a r g e r  g r a in s .

The p re se n c e  o f b i o t i t e  in  th e  p e g m a tite s  in d ic a te s  t h a t  th e  peg

m a ti te s  had a f a i r l y  l a r g e  w a te r  c o n te n t ,  and t h a t  th e y  w ere p ro b ab ly  

cap ab le  o f  c a u s in g  th e  e x te n s iv e  a l t e r a t i o n  o f pyroxene t o  am phibole 

and b i o t i t e  in  th e  n e ig h b o u rin g  m etagabbro .

M etasom atic  V eins 

The narro w , h a rd ,  d a rk  m etasom atic  v e in s  t h a t  c u t  th e  m etagabbro 

c o n s is t  p r im a r i ly  o f f ib r o u s  a c t i n o l i t i c  am phibo le . The f i b r e s  te n d  to  

be o r ie n ta te d  su b p e rp e n d ic u la r , t o  th e  v e in  w a l l s .  T h is  am phibole i s  

p le o c h ro ic  from  p a le  y e l lo w is h -g re e n  t o  tu rq u o is e  g re e n , su g g e s tin g  

th a t  i t  i s  s l i g h t l y  so d ic .. The m arg ins o f th e  v e in  a re  a d eep er t u r 

quoise th a n  th e  c e n t r a l  p a r t s .

The v e in s  v a ry  in  th ic k n e s s  from  a  f r a c t i o n  o f  a  m il l im e tr e  up to  

about 1 m i l l im e t r e .  The fo rm er ty p e  a re  im p e r s i s te n t ,  dy ing  o u t i n t e r 

m it te n t ly ,  and a re  o f te n  b ra n c h in g . The l a t t e r ,  how ever, m a in ta in  a  

f a i r l y  c o n s ta n t  th ic k n e s s  f o r  many c e n t im e t r e s ,  and a l t e r  th e  n e ig h b o u rin g  

metagabbro f o r  ab o u t 1cm.. on e i t h e r  s id e  o f  th e  v e in .  W ith in  t h i s  zone 

of a l t e r a t i o n ,  th e  pyroxenes o f th e  m etagabbro  have been  p ro g re s s iv e ly  

rep laced  by m asses o f  a c t i n o l i t i c  am phibole w hich h as  th e  same c h a ra c te 

r i s t i c s  a s  t h a t  in  th e  v e in s .  The h o rn b le n d e  h as  a l s o  r e c r y s t a l l i z e d
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t o  th e  new a c t i n o l i t i c  am ph ibo le . P la g io c la s e ,  w hich i s  ab o u t An^Q, 

has been  e x te n s iv e ly  s e r i c i t i z e d ,  and th e r e  i s  a l s o  a  l i t t l e  e p id o te .  

Sphene o cc u rs  w i th in  th e  am phibole m asses , and form s co ro n as  around th e  

o re s . Sphene i s  a l s o  common in  th e  v e in s  th e m se lv e s , and o f te n  form s 

c r y s ta l s  a s  much a s  1mm. in  d ia m e te r  ( P la te  1 1 3 ).

The n a tu re  o f th e  em placem ent o f th e s e  v e in s  can  be deduced from 

s tu d y  o f th e  v e in  m a rg in s . A lthough  th e  v e in s  ap p ear t o  c u t  a c ro ss  

m in e ra ls  in  th e  m etagabbro , th e y  have no c o n tin u o u s  sh a rp  m arg in s . The 

am phiboles and sphenes o f  th e  v e in  f r e q u e n t ly  c ro s s  th e  v e in  c o n ta c ts ,  

and where c r y s t a l s  o f  g reen  h o rn b len d e  in  th e  m etagabbro  c ro s s  th e  v e in ,  

th ey  have r e c r y s t a l l i z e d  t o  th e  so d ic  am ph ibo le , b u t in  o p t i c a l  c o n t i 

n u ity  w ith  th e  rem a in d e r o f  th e  c r y s t a l  ( P la te  1 1 4 ). I t  would ap p ear 

th a t  th e  v e in s  have n o t been  em placed by th e  i n j e c t i o n  o f a  l i q u i d ,  b u t 

r a th e r  by th e  so ak in g  o f l i q u i d s  a lo n g  p la n e s  o f w eakness such as  j o i n t s ,  

m e ta so m a tic a lly  a l t e r i n g  th e  m etagabbro .

A nother k in d  o f v o l a t i l e - r i c h  v e in  o c c u r r in g  in  th e  a c t i n o l i t i c  

f a c ie s  o f th e  H usf jo r d  m etagabbro  i s  one b e a r in g  s c a p o l i t e .  In  th e  

m etagabbro n e x t t o  th e  v e in ,  f e ld s p a r  becomes s c a p o l i t i z e d ,  and th e  

a c t i n o l i t e  i s  r e p la c e d  by seco n d ary  d io p s id e .  The o re s  become more 

e x te n s iv e ly  rturned by sp hene , and t h i s  l a t t e r  m in e ra l form s la r g e  c r y s t a l s  

a t  th e  c o n ta c t  w ith  th e  v e in .

S h e a r - b e l t s

The ro c k s  in  th e  two s h e a r - b e l t s  do n o t show ex trem e c ru sh in g  or 

® y lo n itiz a tio n , b u t o n ly  th e  developm ent o f a  f o l i a t i o n ,  and o c c a s io n a lly  

^ s l ig h t  m o rta r  te x tu r e »



P la te  113 . Sphene i n  a c t i n o l i t i c  m etasom atic  v e in  i n  
H u s f jo rd  m etagabbro . P .P .L . X 8 3 .

P la te  l l 4 .  H ornblende r e c r y s t s i l l i z e d  to  a c t i n o l i t e  where 
i t  i s  c ro s s e d  by m etasom atic  v e in .  H u s fjo rd  m etagabbro . 
P .P .L . X 9 5 .
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I n  th e  m etagabbro  a  f o l i a t i o n  i s  dev e lo p ed  and th e r e  i s  in c ip ie n t  

augen ing ; h o rn b le n d e  becomes ovoid  i n  shape and m arg ins a re  b eg in n in g  to  

be g ra n u la te d  ( P la te  1 1 5 ).

In  th e  s o u th e rn  s h e a r - b e l t  th e r e  a re  numerous u l t r a b a s i c  l e n s e s ,  

which now c o n s is t  p r in c ip a l l y  o f  brow nish  h o rn b le n d e  w hich h as  form ed 

from c lin o p y ro x e n e . W ith in  th e  h o rn b len d e  m asses th e r e  a re  numerous 

a g g re g a te s  o f  g r a n u la r  c o lo u r le s s  o r th o p y ro x en e , w hich p ro b a b ly  in d ic a te  

th e  fo rm er p re se n c e  o f o l i v in e .  One o f th e s e  o rth o p y ro x en e  a g g re g a te s  

c o n ta in s  a  g reen ish -b ro w n  s e rp e n t in e  pseudomorph a f t e r  o l iv in e .

P la g io c la s e ,  now b a s ic  a n d e s in e , h as  r e c r y s t a l l i z e d  and in c o rp o ra te s  

g ra in s  o f c lin o p y ro x e n e  and h o rn b le n d e . Sometimes th e s e  in c lu s io n s  te n d  

to  l i e  a lo n g  th e  d i r e c t io n  o f th e  tw in  p la n e s ,  b u t  o c c a s io n a lly  a l s o  

p e rp e n d ic u la r  t o  t h i s  d i r e c t i o n  ( P la te  1 1 6 ).

The u l t r a b a s i c  ro c k s  a re  sh e a re d  a t  t h e i r  m arg in s and develop  a  

f o l i a t i o n .  The h o rn b le n d e s  have a  p r e f e r r e d  o r i e n t a t i o n ,  and th e  ag g re

g a tes  o f p la g io c la s e  g r a in s  a re  e lo n g a te d  p a r a l l e l  t o  t h i s  d i r e c t io n .

The a g g re g a te s  o f  g ra n u la r  o rth o p y ro x en e  a re  a l s o  e lo n g a te d  in  t h i s  

d i r e c t io n .

Where th e  e a r ly  d i o r i t e  bands a re  s h e a re d , a  m o rta r  te x tu r e  i s  

beginning t o  fo rm , w ith  f e ld s p a r s  fo rm ing  i n s i p i e n t  augen (P la te  1 1 7 ).

In  th e  h o rn fe ls e d  m etagabbro  a t  th e  c o n ta c ts  w ith  th e  e a r l y  d i o r i t e  bands, 

small b i o t i t e s  have a  p r e f e r r e d  o r i e n t a t i o n ,  fo rm ing  a c ru d e  s c h i s t e s i t y .

M y lo n ite s

In  th e  m y lo n ite  zones th e  m etagabbro  i s  in te n s e ly  sh e a re d , and a



P la te  113 . H ornblende w ith  g r a n u la te d  m argins, 
H u s fjo rd  m etagabbro . P .P .L . X 95*

H

P la te  1 16 .  I n c lu s io n s  i n  p la g io c la s e .  T r o c t o l i t e .  
X -P l. X 1 7 0 .



%

P la te  117* Feldspar with granulated margins. Early 
d io r it e .  X -P l. X 8 3 .

P la te  1 1 8 . Edge o f  in ten se  m ylonite zone* Husfjord 
metagabbro. P .P .L . X 2.3*
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dense g re e n is h  la m in a te d  m y lo n ite  i s  fo rm ed. The m ost in te n s e  zones 

of c ru sh in g  a re  g e n e r a l ly  o n ly  a  few m il l im e t r e s  in  w id th , b u t th e  meta

gabbro becomes p r o g r e s s iv e ly  more and more sh ea red  a s  th e s e  a re  approached . 

The edge o f an in te n s e  zone i s  shown in  P la te  118.

The m in e ra l m ost s e n s i t i v e  t o  th e  s h e a r in g  ap p e a rs  t o  be o re  w hich 

v ery  r e a d i l y  form s s t r i n g s  o f f in e - g r a in e d  b le b s  s t r e tc h e d  o u t a long  

th e  f o l i a t i o n .  As th e  m y lo n ite  i s  ap p ro ach ed , b i o t i t e ,  h o rn b le n d e , and 

some o f th e  pyroxene b e g in  t o  b rea k  up and r e c r y s t a l l i z e  w ith  a f in e 

g ra in ed  g ra n u la r  t e x tu r e  around  th e  more r e s i s t a n t  pyroxenes and p la g io 

c la s e  g r a in s  w hich form  augen . At t h i s  s ta g e  th e  augen s t i l l  r e t a i n  

some of th e  o r ig in a l  shape of th e  m in e ra ls  co n cern ed .

A d jacen t t o  th e  m y lo n ite , th e  f o l i a t i o n  i s  much more m arked, and 

th e  augen o f h o rn b len d e  and pyroxene a re  s m a l le r .  In  th e  in te n s e ly  

sheared  m y lo n ite  i t s e l f ,  th e  augen a re  l e n t i c u l a r  in ' shape and c o n s is t  

of pyroxene, p la g io c la s e ,  and o c c a s io n a l h o rn b le n d e . T h e ir  lo n g  axes

are  p a r a l l e l  t o  th e  f o l i a t i o n  and th e y  a re  s e t  i n  a g reen  m a tr ix  o f

hornb lende, b i o t i t e ,  rounded g ra n u la r  p y ro x en e , and s t r e a k s  o f f in e  ore 

g ra in s  which s w ir l  around th e  augen . Even in  th e  m ost in te n s e ly - s h e a re d

m ylonite th e  augen a re  n o t e l im in a te d  a l t o g e th e r .

In  one m y lo n ite  th e r e  a r e  two a g g re g a te s  c o n ta in in g  sm all rounded 

g ra in s  o f g a rn e t  w hich ap p ear to  be r e c r y s t a l l i z i n g  a f t e r  th e  m y lo n it-  

iz a t io n . Em ail b i o t i t e  f l a k e s  have a l s o  grown a f t e r  th e  s h e a r in g , in d i 

ca tin g  th a t  th e s e  m y lo n ite s  p ro b a b ly  form ed d u r in g  th e  F2 movements.
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R a f ts  and X e n o lith s

P e l i t i c  and S e m i-p e l i t ic  R a f ts

These a re  p r in c ip a l l y  q u a r tz - m ic a - s c h is t s  and g a r n e t - m ic a - s c h is t s .

The s c h i s t o s i t y  i s  d e l in e a te d  by b i o t i t e  l a t h s ,  which a re  o f te n  q u i te  

lo n g , m aking th e  ro c k  f a i r l y  c o a r s e -g ra in e d .  The b i o t i t e s  commonly 

c o n ta in  p le o c h ro ic  h a lo e s ,  and a re  som etim es deform ed.

Q uartz  and f e ld s p a r  form  f in e - g r a in e d  s u b e q u ig ra n u la r  m osaics b e t 

ween th e  b i o t i t e  l a t h s .  F e ld s p a r  i s  p r in c ip a l l y  p o ta sh  f e ld s p a r ,  in c lu d in g  

ra ic ro c lin e , b u t  in  a  few ro c k s  o l ig o c la s e  i s  a l s o  p r e s e n t .  T h is  l a t t e r  

i s  a n t i p e r t h i t i c ,  and th e  p o ta sh  f e ld s p a r  la m e lla e  som etim es have m ic ro - 

c l in e  tw in n in g . O c c a s io n a lly  f e ld s p a r  i s  a  l i t t l e  c lo u d y , b u t i t  i s  

u s u a lly  f a i r l y  c l e a r .

A p a le  g reen  a c t i n o l i t e  am phibole i s  p r e s e n t  in  some o f  th e  sem i- 

p e l i t e s  and h as  th e  fo llo w in g  p le o c h ro ic  scheme:

X b u f f

Y l i g h t  mid g ree n  

Z p a le  mid g reen  ,

Sphene i s  a  common m in e ra l in  th e s e  s c h i s t s ,  and i s  o f te n  q u i te  abundan t, 

u su a lly  fo rm ing  sm a ll rag g ed  g r a in s .  I n  one q u a r tz -m ic a - s c h is t  th e r e  

i s  a l i t t l e  e p id o te .

G a rn e ts , w hich a re  g e n e r a l ly  b u f f - c o lo u re d  and i r r e g u l a r  in  shape, 

o v e rp rin t th e  F^ s c h i s t o s i t y ,  w hich in  p la c e s  i s  f o ld e d ,  and c o n ta in  

in c lu s io n s  o f  b i o t i t e ,  q u a r tz ,  sphene , and a p a t i t e .  The g a rn e ts  p re -d a te  

the F2 f o ld in g ,  s in c e  th e y  have s u f f e re d  d e fo rm a tio n  and a re  c o n s id e ra b ly
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c ra c k e d , w ith  seco n d ary  b i o t i t e  fo rm ing  in  th e  c ra c k s .

One r ic h ly -a lu m in o u s  p e l i t e  c o n ta in s  some corundum , and a n o th e r  

p e l i t e  c o n ta in s  a few  i r r e g u l a r  g r a in s  o f  to u rm a lin e ,  p le o c h ro ic  from  

c o lo u r le s s  to  p a le  g r e e n is h -b lu e .

A few  p e l i t e s  have o c c a s io n a l a l l o t r i o b l a s t i c  p o rp h y ro b la s ts  o f  

p e r t h i t i c  m ic ro c lin e  which som etim es c o n ta in s  a  few  in c lu s io n s .  Myrme

k i t e  o ccu rs  a t  th e  m ic ro c lin e  m arg in s , and some p o rp h y ro b la s ts  have 

r e c r y s t a l l i z e d  t o  a  m osaic t e x t u r e .

The p e l i t i c  and s e m i - p e l i t i c  r a f t s  a r e  u s u a l ly  h o rn fe ls e d  a t  t h e i r  

m argins by th e  m etagabbro., A h o r n f e l s ic  t e x tu r e  i s  d ev e lo p ed  in  which 

d ec u ssa te  b i o t i t e  l a t h s  l i e  a lo n g  th e  g r a in  b o u n d a r ie s  o f a  po ly g o n a l 

mosaic o f q u a r tz  and f e ld s p a r  g r a in s .  However, in  p la c e s  th e r e  i s  a  

r e l i c t  s c h i s t o s i t y ,  w ith  b i o t i t e  l a t h s  te n d in g  t o  l i e  s u b p a r a l le l  to  

one a n o th e r .

M etalim estone R a f ts

The m e ta lim e s to n e s  c o n s i s t  o f  c o a r s e l y - r e c r y s t a l l i z e d  m arble con

ta in in g  a  s u b e q u ig ra n u la r  m osaic o f c lo u d y  c a l c i t e  g r a in s  which have 

s l ig h t ly  i r r e g u l a r  m arg in s . Sm all rounded  i n t e r s t i t i a l  g ra in s  o f d io p -  

side a re  common, and o c c a s io n a l i n t e r s t i t i a l  p o ta sh  f e ld s p a r s  a l s o  o c c u r, 

as w ell as. sm a ll amounts o f q u a r tz ,  g a r n e t ,  and id o c ra s e  in  some o f  th e  

rocks..

The t h i n  c a l c - s i l i c a t e  bands in  th e  m e ta lim e sto n es  c o n s is t  o f  sm all 

rounded g ra in s  o f  d io p s id e ,  c a l c i t e ,  q u a r tz  and f e ld s p a r ,  sometimes w ith  

^agged-looking l a t h s  o f o re . These bands have a  f in e - g r a in e d  g ra n u la r
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t e x t u r e ,  and t h e i r  m arg ins a re  w e ll  d e f in e d .

One r a f t  h a s  some c a l c - s i l i c a t e  m a te r ia l  s l i g h t l y  b r e c c ia te d  a long  

a long  th e  c o n ta c t .  In  t h i s ,  th e r e  a re  l a r g e  a g g re g a te s  o f g a rn e t  which 

in c o rp o ra te  rounded  g ra in s  o f  d io p s id e ,  c a l c i t e ,  and q u a r tz ;  c a l c i t e  and 

q u a r tz  a l s o  form  a g g re g a te s  and s t r e a k s .  A g re e n  c o lo u re d  c a l c - s i l i c a t e  

band m ain ly  c o n s i s t s  o f  i r r e g u l a r  a g g re g a te s  o f a l l o t r i o b l a s t i c  g reen  

d io p s id e  in te rg ro w n  w ith  c a l c i t e  and a n d e s in e .

O c c a s io n a lly  th e  m etagabbro a d ja c e n t  to  m e ta lim esto n e  r a f t s  c o n ta in s  

a few i r r e g u la r ly - s h a p e d  b u f f - c o lo u re d  g a r n e t s ,  p o s s ib ly  due to  co n ta 

m in a tio n . The g a rn e ts  u s u a l ly  c o n ta in  sm all q u a r tz  v e rm ic u le s , and i s  

i t s e l f  b re a k in g  down and a l t e r i n g  t o  seco n d ary  b i o t i t e .  T h is  a l t e r a t i o n  

i s  marked n e a r  t o  p e g m a tite s ,  w hich a re  commonly em placed a long  th e  

c o n ta c ts  o f  r a f t s .

C a l c - s i l i c a t e - s c h i s t  X e n o lith s

The p r in c ip a l  m in e ra l in  th e  f in e - g r a in e d  x e n o l i th s  o f  c a l c - s i l i c a t e -  

s c h is ts  i s  d io p s id e .  In  one c a s e ,  th e  d io p s id e s  form  a  mass o f rounded 

g ra in s ,  and to g e th e r  w ith  some p h lo g o p i t ic  b i o t i t e  l a t h s  a re  en c lo sed  

as in c lu s io n s  w i th in  p o i k i l o b l a s t i c  s c a p o l i t e .  The s c a p o l i t e  i t s e l f  

i s  sometimes a l t e r i n g  to  a brown a l t e r a t i o n  p ro d u c t a lo n g  c leav ag e  p la n e s .

In  a n o th e r  x e n o l i th ,  a  g ra n u la r  h o r n f e l s i c  t e x tu r e  com pris ing  

rounded g ra in s  o f  d io p s id e  and p la g io c la s e  h a s  been  o v e rp r in te d  by a  

re g io n a l m etam orphic t e x tu r e  and m in era lo g y ., T re m o lite ,  q u a r tz ,  and 

p o ik i lo b la s t ic  b i o t i t e  form  an  ?2  s c h i s t o s i t y ,  and e n c lo se  rounded g ra in s  

of d io p s id e  and p la g io c la s e .
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B asic  h o r n f e ls  X e n o lith s

These c o n s is t  o f  f in e - g r a in e d  g r a n o b la s t ic  pyroxene h o r n fe ls e s  in  

which l a b r a d o r i t e  o cc u rs  to g e th e r  w ith  n o n -p ie o c h ro ic , p o i k i l o b l a s t i c  

o rth o p y ro x en es  w hich c o n ta in  q u a r tz  b le b s .  The p y ro x en es a re  b eg in n in g  

to  a l t e r  t o  a  p a le  y e llo w ish -b ro w n  am p h ib o le , and th e r e  a re  a ls o  some 

p a le  b i o t i t e  l a t h s  w hich p o s t- d a te  th e  o rth o p y ro x e n e s .

These h o r n f e ls e s  ap p ear t o  r e p r e s e n t  b a s ic  sed im en t in c lu s io n s  in  

th e  m etagabbro  w hich have been  th e rm a lly  m etam orphosed by th e  m etagabbro .

Psam m itic and S em i-p e l i t  i c  R a f ts

The ro c k s  co m p ris in g  t h i s  group o ccu r a s  r a f t s  on th e  Ramnes 

p e n in su la , and have been  v a r i a b ly  m igm atized  a f t e r  th e  emplacement o f 

the  H u s fjo rd  m etagabbro .

The psam m ites a re  g n e is s ic  and c o n s i s t  m ain ly  o f  q u a r tz o - f e ld s p a th ic  

m a te r ia l ,  w ith  v a r io u s  amounts o f b i o t i t e ,  s i l l i m a n i t e ,  and g a rn e t .  

Sometimes psam m itic  bands c o n ta in  l a r g e  g a rn e t p o rp h y ro b la s ts ,  and th e s e  

are  a l l o t r i o b l a s t i c ,  o f te n  e n c lo s in g  q u a r tz  ( P la te  1 1 9 ) . Some o f th e  

sm aller g a rn e ts  a r e  s l i g h t l y  a l t e r e d  t o  f i b r o l i t e  and o re ,  e s p e c ia l ly  

a t  t h e i r  m a rg in s , b u t th e  r e l a t i o n s h i p s  a re  r a t h e r  o b scu red  by th e  p re sen ce  

of b i o t i t e  w hich su rro u n d s  o r p a r t l y  su rro u n d s  many g a r n e t s .  The b i o t i t e  

i t s e l f  i  s a l s o  a l t e r i n g  t o  s i l l i m a n i t e .

Along n e a r ly  a l l  th e  p o ta sh  f e ld s p a r /p o ta s h  f e ld s p a r  g r a in  b o u n d aries  

and th e  q u a r tz /p o ta s h  f e ld s p a r  b o u n d a r ie s  th e r e  a re  a g g re g a te s  o f  f i b r o -  

l i t e  (P la te  120) s im i la r  t o  th o se  d e s c r ib e d  i n  some o f th e  m ig m atite s  

of th e  c o u n try  ro c k s .  They do n o t o ccu r a t  q u a r tz /q u a r tz  c o n ta c ts .



P la te  119. Garnet porphyroblast in  psammitic r a ft  
in  Husfjord metagabbro. P .P .L . X 23#

P la te  120. F ib r o lite  along grain  boundaries. Migma
t iz e d  psammitic r a ft  in  Husf jord metagabbro. P .P .L . X I70.
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These w h isk e ry  f i b r o l i t e  a g g re g a te s  a l s o  n u c le a te  on th e  edges o f b i o t i t e -  

s i l l im a n i t e  a g g re g a te s  and on th e  m arg ins o f th e  g a rn e t  p o rp h y ro b la s ts  

(P la te  1 2 1 ).

In  th e  se m i-p e l i t e s ,  q u a r tz  and p o ta s h  f e ld s p a r  form  a  su b e q u ig ra n u la r  

m osaic w ith  i r r e g u l a r  m a rg in s . Some o f th e  b i o t i t e s  occur a lo n g  th e  

m osaic g r a in  b o u n d a r ie s , w hereas o th e r s  form  a g g re g a te s  e lo n g a te d  p a r a l l e l  

to  a g n e is s ic  b an d in g . B i o t i t e  i s  o f te n  a l t e r i n g  t o  s i l l i m a n i t e ,  vdiich 

g e n e ra l ly  form s a g g re g a te s  o f sm all p r is m a t ic  c r y s t a l s  r e p la c in g  th e  

b i o t i t e .  Sometimes s i l l i m a n i t e  form s s t r i n g s  o f f a i r l y  l a r g e  i d i o b l a s t i c  

to  h y p id io b la s t i c  c r y s t a l s  o c c u r r in g  in  q u a r t z - r i c h  pods ( P la te  1 2 2 ).

Some s e m i- p e l i t e s  c o n ta in  g a rn e ts  w hich overgrow  th e  b i o t i t e s ,  and 

have m inute in c lu s io n s  o f o r e ,  q u a r tz ,  and b i o t i t e ,  b u t th e  g a rn e ts  

them selves a re  b re a k in g  down t o  seco n d ary  b i o t i t e .  Ore p ro b ab ly  r e c r y s t a l 

l iz e d  l a t e ,  s in c e  i t  o ccu rs  a lo n g  g r a in  b o u n d a rie s  and en v e lo p s  p la g io c la s e  

c r y s ta l s  ( P la te  1 2 3 ).

One o f  th e  s e m i - p e l i t i c  r a f t s  shows ev id en ce  o f  d e fo rm a tio n  a t  i t s  

m argin. A g g reg a te s  o f  g r a n u la r ,  s t r a in e d  q u a r tz  and sm a ll b i o t i t e  l a t h s  

tend  to  swing around  ovoid  f e ld s p a r s .  G arn e ts  a re  c ra ck ed  and a re  a l s o  

a l te r e d  t o  seco n d a ry  b i o t i t e . .  The c e n t r a l  p a r t s  o f  th e  r a f t ,  how ever, 

do no t show t h i s  d e fo rm a tio n .

B asic  s h e e ts  o c c u r r in g  i n  th e s e  psam m itic  and s e m i - p e l i t i c  r a f t s  

co n ta in  hy p er s th e n e , which i s  a l t e r i n g  t o  a  y e llo w  i r o n - s ta in e d  a l t e r a t i o n  

product a lo n g  c le a v a g e s  and c ra c k s .  The pyroxene i s  rimmed by p a le  g reen  

hornblende t o  w hich i t  a p p ea rs  t o  be a l t e r i n g ;  som etim es t h i s  ho rnb lende  

has a tu rq u o is e  t i n t  in d ic a t in g  i t s  s o d ic  c o n te n t .  G ra in  b o u n d a rie s  o f



P la te  121. F ib r o lite  n u clea tin g  on garnet. Migmatized 
psammitic r a ft  in  Husf jord metsigabbro. P .P .L . X 17O.

P la te  122. Id io b la s t ic  and h y p id io b la stic  s illim a n ite , 
Migmatized s e m i-p e lit ic  r a f t  in  Husfjord metagabbro. 
P.P .L . X 95.
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P la te  1 2 3 . Ore enveloping p la g io c la se  g ra in s . Semi- 
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p la g io c la s e  and a l i t t l e  q u a r tz  a re  i r r e g u l a r  and embayed, and th e  

p la g io c la s e  i s  commonly c ro s s - tw in n e d . I n  p la c e s  th e r e  i s  a  su g g e s tio n  

of a r e l i c t  s u b o p h it ic  t e x t u r e .
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HÀVNSFJORû DIORITE

G enera l

The H av n e fjo rd  d i o r i t e  i s  a  p y ro x e n e -m ic a -d io r ite  in  w hich th e  

p r in c ip a l  pyroxene i s  h y p e rs th e n e  (T ab le  3)# The ro ck  h as  a f in e - g r a in e d ,  

su b e q u ig ra n u la r  xenomo rp h ie  t e x tu r e  ( P la te  1 2 4 ). I t  i s  g e n e r a l ly  non- 

p o r th y r i t i c ,  b u t o c c a s io n a l ly  h as  a  p o r p h y r i t i c  t e x tu r e  in  which f e ld s p a r  

p h en o c ry sts  te n d  to  be a l ig n e d ,  fo rm ing  a f lu x io n  s t r u c t u r e .  The d i o r i t e  

i s  sometimes more p o r p h y r i t i c  in  i t s  m a rg in a l zone, b u t  even h e re  th e  

p h en o cry sts  a re  n ev e r  l a r g e .  I n  th e  s l i g h t l y  c o a r s e r - g ra in e d  p a r t s  o f 

th e  d i o r i t e  an  i n c ip i e n t  s u b o p h it ic  t e x tu r e  i s  d ev e lo p ed  in  which b road  

p la g io c la s e  l a t h s ,  now s l i g h t l y  r e c r y s t a l l i z e d ,  a re  in te rg ro w n  w ith  

hyper s th e n e .

Hyper s th en e  c r y s t a l s  a re  a n h e d ra l to  su b h e d ra l and v a ry  g r e a t ly  in  

s iz e ,  some o f th e  l a r g e r  ones b e in g  defo rm ed . I t  i s  p le o c h ro ic  from  

buff t o  p a le  g re e n , som etim es s tro n g ly  s o .

G e n e ra lly , hyper s th en e  i s  th e  o n ly  pyroxene p r e s e n t ,  b u t o c c a s io n a lly  

i t  i s  accom panied by d io p s id ic  c lin o p y ro x e n e . T h is  l a t t e r  i s  p a le  g reen  

and n o n -p ie o c h ro ic , and som etim es e x h ib i t s  tw in  la m e lla e  a t  an o b liq u e  

angle to  th e  c le a v a g e . Q u ite  f r e q u e n t ly  th e  d io p s id e  c o n ta in s  p a tc h e s  

of hyper s th e n e  o r ap p ea rs  t o  be in te rg ro w n  w ith  i t .  O c c a s io n a lly , c r y s t a l s  

which ap p ear t o  be a l l  d io p s  id e  o r a l l  hy p er s th e n e  when p a r a l l e l  to  th e  

c ro s s -w ire  ( th e y  have th e  same shade o f g re en  in  t h i s  p o s i t i o n ) ,

^ 0  seen to  be p a r t l y  d io p s  id e  and p a r t l y  hy p er s th e n e  when p a r a l l e l  t o  

the N-S c ro s s -w ire  (when h y p er s th en e  i s  b u f f - c o lo u re d ) .  T h is  i s  p re s u -  

®ably an e x s o lu t io n  phenomenon.



TABLE 3

MODAL ANALYSES CE HAVITEFJORD DIORITE

MiDScai 36/92B 36/1170 3&/126A ^ . l i 9 .B 36/2330 38/4SA 05/58i

P la g . 37 .56 59.19 A9.58 67 .6 1 2 1 .92 A3.3A 6 7 . lA

K -fe ld . 37 .26 3 .4 6 A.72 0 .8 5 4 9 .66 6 .2 0 5 .5 3

Q uartz - - - 2 .8 8 - 0 .3 3 -

H ypers. 1 7 .2 0 23 .80 1 0 .85 1 3 .3 8 1 5 .3 7 IA .61 1 5 .5 8

G linop. - 2 .4 6 1 8 . A7 - - 23.13 1 .5 6

B i. 3 .5 6 6 .6 0 1 2 . A3 7 .7 7 5 .8 1 6 .0 9 1.7A

H ornbl. 1 .7 6 - 0 .8 1 0 .0 6 0 .2 8 0 .17 0.35

Ore 2 . A3 A. 33 2 .8 5 6.A5 5.5A 5 .1 0 6 .6 0

A p a tite 0 .2 3 0 .2 6 0 .3 0 0 .8 8 1 .3 9 0 .7 3 1 .2 5

Z ircon 0 .0 3 — 0 .1 1 — — 0 .1 8

100 .00 100 .13 100 .01 9 9 .99 9 9 .9 7 99.71 100 .02



P la te  124. Xenomorphic tex tu re  o f  Havnefjord d io r it e .  
X -P l. X 85.
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A few o f th e  h y p e rs th e n es a re  a l t e r i n g  to  a y e l lo w -s ta in e d  a l t e r a t i o n  

p ro d u c t a lo n g  c le a v a g e s  and c r a c k s .  O c c a s io n a lly  i t  i s  f r in g e d  by a  l i t t l e  

g reen  h o rn b le n d e , b u t d io p s id e ,  when i t  o c c u rs , i s  more prone to  a l t e r a 

t io n  to  h o rn b le n d e .

B io t i t e  form s f r e s h - lo o k in g  l a t h s ,  o f te n  b ro ad  and some tim es  q u i te  

la r g e .  F re q u e n tly  t h e i r  c le a v a g e s  a r e  k in k ed  ( P la te  1 2 5 ) . Some b i o t i t e s  

a re  seen  to  be fo rm in g  from  th e  fra g m e n ts  o f h o rn b len d e  w hich f r in g e  

th e  hyper s th e n e , and in  p la c e s  can  be seen  to  be fo rm ing  from  i t .  In  

t h i s  case  i t  i s  u s u a l ly  p o i k i l o b l a s t i c  ( P la te  1 2 6 ) , c o n ta in in g  v e rm icu le s  

of q u a r tz .  T h is  a l t e r a t i o n  may have ta k e n  p la c e  d u r in g  l a t e  s ta g e s  o f 

th e  r e g io n a l  m etam orphism , B i o t i t e  a l s o  c o n ta in s  in c lu s io n s  o f a p a t i t e  

and z irc o n , th e  l a t t e r  b e in g  su rro u n d ed  by p le o c h ro ic  h a lo e s .

F e ld s p a rs  a re  a n h e d ra l and t h e i r  g r a in  b o u n d a r ie s  a re  i r r e g u l a r  

but n o t h ig h ly  s u tu re d .  The c r y s t a l s  a re  u s u a l ly  c l e a r  and a re  r a r e ly  

a l te r e d ,  b u t a  y e llo w  i r o n - s t a in i n g  i s  common a lo n g  g r a in  b o u n d a rie s  and 

cracks in  th e  f e ld s p a r s .  The y e llo w  a l t e r a t i o n  p ro d u c t o f  some o f th e  

hyper s th en e  s may be th e  so u rce  o f  t h i s  s t a in in g .

P la g io c la s e  i s  a n d e s in e , n o rm a lly  o f  co m p o sitio n  ab o u t An^Oi 

p la g io c la se  a s  b a s ic  a s  An^^ does occu r in  some sp ec im en s. Twin la m e lla e  

are u s u a lly  f i n e l y  sp aced , and com plex tw in n in g  i s  common. In  some o f 

the la r g e r  g r a in s  tw in  la m e lla e  a r e  o f te n  deform ed ( P la te  1 2 7 ). When 

p la g io c la se  o cc u rs  a s  p h e n o c ry s ts  i t  i s  a n t i p e r t h i t i c ,  and a ls o  c o n ta in s  

in c lu s io n s  o f q u a r tz  and o c c a s io n a l ly  o f  sm all rounded  g ra in s  o f pyroxene.

P o tash  f e ld s p a r  g e n e r a l ly  o ccu rs  a s  p h e n o c ry s ts  w hich a re  a n h ed ra l 

^nd s l i g h t ly  p e r t h i t i c ,  c o n ta in in g  sm a ll p la g io c la s e  p a tc h e s .  Sometimes



P la te  125. F lexed b io t i t e  in  Havnefjord d io r ite  
P .P .L . X 8 5 .

P la te  126. P o ik ilo b la s t ic  b io t i t e  in  Havnefjord d io r ite . 
P .P .L . X 85 .



P la te  127. Deformed p la g io c la se  in  Havnefjord d io r it e .  
X -P l. X 8 5 .

%
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p o ta sh  f e ld s p a r  c r y s t a l s  a re  b o rd e red  by m yrraekite.

O re, w hich i s  i lm e n i te ,  u s u a l ly  o ccu rs  i n t e r s t i t i a l l y  and a lo n g  

g ra in  b o u n d a r ie s , b u t i t  a l s o  form s rounded g r a in s  e n c lo se d  w ith in  

gangue m in e ra ls .

At th e  c o n ta c t  w ith  th e  l a t e  c o a r s e -g ra in e d  p y ro x e n e -m ic a -d io r i te s  

th e  H av n efjo rd  d i o r i t e  h as  become h o rn fe ls e d .  The m in e ra ls  have r e c r y s 

t a l l i z e d  t o  a  f in e - g r a in e d  g r a n o b la s t ic  pyroxene h o r n f e l s  c o n s is t in g  o f 

h y p e rs th en e , d io p s id e  and p la g io c la s e  ( P la te  1 2 8 ). T here a re  some d i f f u s e  

b i o t i t e s  w hich a r e  a l t e r i n g  t o  p y ro x en e , b u t th e r e  a re  a l s o  some l a t e r ,  

f re s h - lo o k in g  b i o t i t e  l a t h s  w hich som etim es p a r t l y  e n c lo se  pyroxene.

The d i f f u s e  b i o t i t e s  a re  o c c a s io n a l ly  o b serv ed  t o  be r e c r y s t a l l i z i n g  to  

f re s h  b i o t i t e .  The c o a rse  d i o r i t e  i s  n o t c h i l l e d  a t  th e  c o n ta c t .

P e g m a tite s

There a re  a  few  a c id  p e g m a tite s  i n  th e  H av n efjo rd  d i o r i t e ,  and 

th e se  a re  u s u a l ly  f a i r l y  f in e - g r a in e d .  Q u artz  i s  abundan t and form s an 

i r r e g u la r  m o sa ic , and th e r e  a re  a  few  g r a in s  o f p l a g io c la s e ,  b i o t i t e ,  

and m u sco v ite . P o ta sh  f e ld s p a r  i s  common and i s  p e r t h i t i c ,  and e x h ib i t s  

m ic ro c lin e  tw in n in g , p a r t i c u l a r l y  in  th e  neighbourhood  o f th e  p la g io c la s e  

p a tch es . In c lu s io n s  o f  q u a r tz  a r e  a l s o  common w ith in  p o ta sh  f e ld s p a r ,  

and m argins o f th e  f e ld s p a r s  a re  o f te n  q u i te  m arked ly  s u tu re d .

In  many c a s e s ,  th e  p e g m a tite  has s u f f e r e d  s l i g h t  s h e a r in g , and th e  

margins o f th e  la r g e  f e ld s p a r s  a re  o f te n  g ra n u la te d  e s p e c ia l ly  where 

two la rg e  g ra in s  come in to  c lo s e  p ro x im ity . They show s t r a i n  shadows, 

s-ad t h e i r  g ra n u la te d  m arg ins a re  sanew hat s e r i c i t i z e d .  Q u artz  a g g re g a te s
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become e lo n g a te d  p a r a l l e l  t o  one a n o th e r  and th e  c r y s t a l s  o f  q u a r tz  a re  

h ig h ly  s t r a in e d .

M etasom atic V eins

The H av n e fjo rd  d i o r i t e  c o n ta in s  a  number o f d a rk , m etasom atic  v e in s  

s im ila r  t o  th o s e  in  th e  H u s f jo rd  m etagabbro . They a re  p ro b a b ly  o f th e  

same g e n e r a t io n ,  and c l e a r l y  p o s t- d a te  th e  d i o r i t e .

These v e in s  o ccu r b o th  in  v e ry  narrow  c ra c k s  and a s  th i c k e r  v e in s

up to  2 -3  mm. in  th ic k n e s s .  I n  th e  l a t t e r  c a s e ,  th e  n e ig h b o u rin g  d i o r i t e

i s  a f f e c te d  f o r  up t o  5 mm., on e i t h e r  s id e  o f th e  v e in .

The v e in s  th e m se lv e s  a re  o f  f ib r o u s  y e l lo w is h -g re e n  a c t i n o l i t i c  

amphibole and c lo s e ly  resem b le  th o se  in  th e  H u s f jo rd  m etagabbro . As 

the  v e in  i s  ap p ro ach ed , p y ro x en es and b i o t i t e s  in  th e  d i o r i t e  a re  re p la c e d  

by f ib ro u s  a c t i n o l i t e  s im i la r  t o  t h a t  in  th e  v e in .  Pyroxene a l t e r s  more 

r e a d i ly  th a n  b i o t i t e ,  and a t  th e  v e in  c o n ta c t  a l l  th e  pyroxene has been 

re p la c e d , b u t some d i f f u s e  b i o t i t e  r e l i c s  rem ain  in  th e  a c t i n o l i t e  m asses. 

G rains o f  i lm e n i te  a r e  p r o g re s s iv e ly  rimmed by sp h en e .

The t e x tu r e s  a t  th e  c o n ta c ts  o f th e  v e in  a re  th e  same a s  th o se  in  

the H u sfjo rd  m etagabbro , and a c t i n o l i t e  c r y s t a l s  o f te n  c ro s s  th e  c o n ta c t  

from th e  v e in  in to  th e  h o s t  ( P la te  1 2 9 ) .

H y b rid s

The H av n e fjo rd  d i o r i t e  c o n ta in s  l a r g e  a r e a s ,  u s u a l ly  s e v e ra l  m e tre s  

or ten s  o f m e tre s  in  l e n g th ,  i n  w hich i t  h as  a  more b a s ic  c h a ra c te r  th a n  

normal. I t  i s  c o n s id e re d  t h a t  i n  th e s e  a r e a s  th e  d i o r i t i c  magma became 

contam inated by a s s im i la t io n  o f  H u s f jo rd  m etagabbro . They occur more



P la te  129. A c t in o lite  crossin g  metasomatic ve in  
c o n ta ct. Havnefjord d io r it e .  P .P .L . X 95.

P la te  130. Xenomorphic tex tu re  o f  hybrid . X -P l. X 85*
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commonly n e a r  th e  m arg ins o f th e  d i o r i t e .

The h y b r id s  have a  s u b e q u ig ra n u la r ,  n o n -p o rp h y r i t ic  xenom orphic 

t e x tu r e  s im i la r  t o  t h a t  o f th e  H av n e fjo rd  d i o r i t e  ( P la te  I 30 , c f .  P la te  

124) .  I n  th e  c o a r s e r - g ra in e d  p a r t s  an i n c i p i e n t  s u b o p h it ic  t e x tu r e  i s  

developed a s  in  th e  ca se  o f  th e  d i o r i t e ,  a l th o u g h  t h i s  t e x tu r e  i s  n o t 

developed so  w e ll a s  in  th e  H u s fjo rd  m etagabbro .

In  th e s e  h y b r id s  th e  p r in c ip a l  pyroxene i s  d io p s id ic  c lin o p y ro x e n e , 

as  in  th e  m etagabbro  (z/\c = 4 4 ° ) .  Some o f th e s e  c lin o p y ro x e n e s  c o n ta in  

s c h i l l e r  e x s o lu t io n  la m e lla e  o f o re  o r ie n ta te d  p a r a l l e l  t o  th e  c le a v a g e , 

and a ls o  i n  d i r e c t io n s  p e rp e n d ic u la r  t o  one a n o th e r  o b liq u e  to  th e  c le a v a g e . 

O ccas io n a lly  c lin o p y ro x e n e  h as  i r r e g u l a r  p a tc h e s  o f  h y p er s th e n e , presum ably  

due to  e x s o lu t io n .

The c lin o p y ro x e n e  i s  a l t e r i n g  t o  g re e n  h o rn b le n d e , and t h i s  a l t e r 

a t io n  i s  m ost advanced around  th e  pyroxene m arg in s , a lth o u g h  i t  o ccu rs  

s l i g h t ly  i n  p a tc h e s  and a lo n g  c le a v a g e s .  I t  was seen  t h a t  th e  pyroxenes 

in  th e  H a v n e fjo rd  d i o r i t e  were som etim es f r in g e d  by g re e n  h o rn b le n d e , and 

th a t  th e  o c c a s io n a l  d io p s id ic  c lin o p y ro x e n e  was more r e a d i l y  a l t e r e d  th a n  

th e  hyper s th e n e . The h ig h e r  c o n te n t  o f  h o rn b len d e  i n  th e  h y b r id s  i s  

probably  e x p la in e d  by th e  r e l a t i v e  abundance o f  th e  d io p s id ic  c l in o p y ro 

xene, which in  tu r n  r e f l e c t s  th e  more c a l c i c  c h a r a c te r  o f  th e  h y b r id s . 

However, th e  a m p h ib o liz a tio n  i s  n o t so  advanced a s  i t  i s  in  th e  H u sfjo rd  

metagabbro, and th e  h y b r id s  have n o t  s u f f e r e d  such an  e x te n s iv e  metamor

phism as th e  m etagabbro .

Hyper s th e n e  a l s o  o c cu rs  f r e q u e n t ly  in  th e  h y b r id s ,  and i s  m arkedly  

pleochroic from  p in k is h - b u f f  t o  p a le  g re e n . I t  i s  o f te n  a l t e r i n g  to  a
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brown a l t e r a t i o n  p ro d u c t a lo n g  i r r e g u l a r  f r a c t u r e s ,  eind som etim es h a s  

a brown s ta in in g  a lo n g  c le a v a g e s . F u r th e rm o re , i t  i s  a l s o  b e g in n in g  to  

a l t e r  t o  b i o t i t e .

There a r e  two g e n e ra t io n s  o f  b i o t i t e ;  th e  e a r l i e r  b i o t i t e s  form  sm all 

d i f f u s e  l a t h s  w hich a re  a l t e r i n g  t o  h o rn b le n d e , w hereas th e  l a t e r  b io 

t i t e  s a re  l a r g e r  and ap p ear to  be fo rm ing  from  h o rn b len d e  and o cc a s io n 

a l l y  from  h y p e rs th e n e . Some o f th e  l a t e  b i o t i t e s  a re  p o i k i l o b l a s t i c ,  

and th e  l a r g e r  ones a re  o f te n  deform ed, a  c h a r a c t e r i s t i c  o f th e  Havne

f jo r d  d i o r i t e .

The o n ly  f e ld s p a r  i s  p l a g io c la s e ,  w hich i s  g e n e r a l ly  b a s ic  an d es in e  

in  th e  ran g e  However, th e r e  a re  a ls o  some p la g io c la s e  g ra in s

which a re  o p t i c a l l y  n e g a t iv e ,  and have d i f f u s e  tw in n in g , and th e s e  a re  

p robab ly  more so d ic  th a n  An^o* R a re ly ,  zoned p la g io c la s e  was fo und , in  

which th e  c o re  had  a  co m p o sitio n  o f An^^ w hereas th e  m arg in  was ab o u t 

An^$. Tw inning in  th e  p la g io c la s e  i s  o f te n  d i f f u s e  and i r r e g u l a r ,  and 

sometimes com plex.

The amount o f  o re  in  th e  h y b r id s  i s  s im i la r  t o  t h a t  in  th e  d i o r i t e ,  

bu t th e  o re s  in c lu d e  b o th  o x id es  and s u lp h id e s  a s  in  th e  ca se  o f th e  

m etagabbro. The su lp h id e  i s  p y r r h o t i t e  w hich o c cu rs  a s  sm all g ra in s  and 

i s  alm ost in v a r ia b ly  a l t e r i n g  t o  g o e th i t e ,  p a r t i c u l a r l y  around  th e  m arg in s . 

This a l t e r a t i o n  i s  due t o  o x id a t io n  and h y d ra t io n  o f  th e  s u lp h id e .

Ilm en ite  i s  th e  o x id e  and form s a n h e d ra l ,  rounded g r a in s  o f v a ry in g  s iz e  

which o c c a s io n a lly  e n c lo se  g r a in s  o f p y r r h o t i t e - g o e t h i t e . I t  a l s o  o ccu rs  

as lam e llae  in  c lin o p y ro x e n e s .

The h y b r id s  have a  z i r c o n  c o n te n t com parable w ith  t h a t  o f  th e  d i o r i t e .
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Thus th e  p e tro g ra p h y  shows t h a t  th e  h y b r id s  have c h a r a c t e r i s t i c s  

which a re  in te rm e d ia te  betw een th o se  o f  th e  H av n efjo rd  d i o r i t e  and th e  

H u sfjo rd  m etagabbro . I t  w i l l  be seen  l a t e r  t h a t  i t s  ch em ica l c h a r a c te r 

i s t i c s  a l s o  l i e  betw een th o s e  o f  th e  d i o r i t e  and th e  m etagabbro .

M etased im en ta rv  R a f ts  

P o l i t i c  and S e m i- p e l i t ic  R a f ts .

These a re  p r in c ip a l l y  q u a r tz - m ic a - s c h is t s ,  g a r n e t - m ic a - s c h is t s ,  

and I c y a n ite -m ic a - s c h is ts .

At th e  m arg in s o f th e  r a f t s  a  h o r n f e l s i c  t e x tu r e  i s  dev elo p ed , in  

which p e r t h i t i c  p o ta sh  f e ld s p a r s  and q u a r tz  form  p o ly g o n a l g r a in s ,  a lo n g  

th e  b o u n d a rie s  o f w hich b i o t i t e  l a t h s  l i e  fo rm ing  a  d e c u s sa te  p a t t e r n .

Ores te n d  t o  o ccu r a s  lo n g  rag g ed  l a t h s  w hich a l s o  form  a  d e c u ssa te  

te x tu re  ( P la te  131) ►

In  one p e l i t e ,  k y a n ite  form s h y p id io b la s t i c  t o  a l l o t r i o b l a s t i c  

prism s w hich o f te n  occu r in  r a d i a t in g  a g g re g a te s .  B i o t i t e  form s random ly- 

o r ie n ta te d  l a t h s  w hich a r e  u s u a l ly  q u i te  d i f f u s e ,  and i n t e r s t i t i a l  q u a r tz  

g ra in s  a re  common. C o lo u r le s s  g a r n e t ,  w hich overgrow s a l l  th e s e  m in e ra ls ,  

sometimes form s l a r g e  a l l o t r i o b l a s t i c  lo b a te  c r y s t a l s ,  b u t more commonly 

they  form la r g e  a g g re g a te s  o f  c lo s e ly - s p a c e d  rounded  g r a in s  in c o rp o ra tin g  

quartz  g r a in s  o f  th e  m a tr ix .  They a l s o  c o n ta in  in c lu s io n s  o f  d i f f u s e  

b io t i t e  and k y a n i te  a s  w e ll  a s  r u t i l e ,  w hich i s  d is s e m in a te d  th ro u g h o u t 

the rock.- The b i o t i t e  and th e  k y a n i te  a r e  b o th  seen  t o  be c o n tr ib u t in g  

to  th e  fo rm a tio n  o f  th e  g a r n e t .  At th e  m arg ins o f g a r n e t ,  k y a n ite  p rism s 

can be seen  b e in g  made over in to  g a r n e t ,  and o c c a s io n a l ly  t r a c e s  o f



P la te  131* Decussate ragged ore la th s .  S e m i-p e lit ic  
h o rn fe ls  in  Havnefjord d io r it e .  P .P .L . X 9 5 *

P la te  132. R adiating r e l i c t  kyan ite w ith in  garnet; note  
kyanite a lte r in g  to  garnet a t margin o f  garnet. P e l i t ic  
r a ft  in  Havnefjord d io r it e .  P .P .L . X 9 5 .
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r a d ia t in g  k y a n i te  r e l i c s  can  be seen  w ith in  th e  g a r n e ts  ( P la te  1 3 2 ).

In  some p e l i t e s  and s e m i - p e l i t e s ,  g a rn e t  h as  n o t been  s ta b le  a t  th e  

r a f t  c o n ta c ts ,  b u t h a s  been  e x te n s iv e ly  a l t e r e d  t o  f i b r o l i t i c  s i l l i m a n i t e .

In  one c a s e ,  g a r n e ts  have been  co m p le te ly  pseudomorphed by s o l id  m ats o f

cloudy f i b r o l i t e  and o re . R a re ly , sm a ll r e l i c t  p a tc h e s  o f  g a rn e t  rem ain

in  th e  c e n t r a l  p a r t s  o f  th e  ovo id  pseudom orphs ( P la te  133)# These pseudo- 

morphs a re  s e t  i n  a  m a tr ix  o f f i b r o l i t e  w ith  sm all rounded  g ra in s  o f ore

and q u a r tz  and a  few  d i f f u s e  orange-brow n b i o t i t e  s .

In  some d i f f e r e n t  p e l i t i c  h o r n f e l s e s ,  a g g re g a te s  o f b i o t i t e ,  f i b r o l i t e ,  

and ore som etim es form  ovoid  k n o ts .  Many have g a r n e t - l i k e  shapes (P la te  

134) and ap p ea r t o  be pseudom orphed g a r n e t s .  T here a re  a l s o  some g a rn e ts  

which can be seen  t o  be a l t e r i n g  t o  f i b r o l i t e ,  and v a r io u s  s ta g e s  in  th e  

p ro g re ss iv e  f i b r o l i t i z a t i o n  o f  th e  g a rn e ts  may be observed  ( P la te s  135 

and 136) .  I n  th e  f i n a l  s ta g e s ,  no g a rn e t  re m a in s . These k n o ts  resem ble  

those d e s c r ib e d  by P i tc h e r  and Read (1 9 6 3 ), a lth o u g h  in  th e  exam ples under 

d isc u ss io n  th e r e  i s  no m u sc o v ite . P i tc h e r  and Read a ls o  i n t e r p r e t  t h e i r  

knots a s  pseudomorphed g a r n e t s ,  and in  some c a s e s ,  g a rn e t  was re g e n e ra tin g  

as sm all g r a in s .  I n  th e  p r e s e n t  c a s e ,  no seco n d ary  g a rn e t  i s  r e g e n e ra t in g ,  

but th e  r e l i c s  o f g a rn e t  i n  some o f th e  k n o ts  in d ic a te s  beyond doubt t h a t  

they a re  pseudomorphed g a r n e t s .  I t  fo llo w s  from  t h i s  t h a t  th e  g rade of 

the re g io n a l metamorphism had dropped b e n e a th  th e  g a rn e t  is o g ra d  by th e

end of th e  h o r n f e ls in g .  F u r th e r  d is c u s s io n  o f  t h i s  ap p e a rs  on p .297 .

In  some h o r n f e l s e s ,  d i f f u s e  o range-brow n b i o t i t e s  a re  b e in g  re p la c e d

by ra d ia t in g  and f a n - l i k e  a g g re g a te s  o f f i b r o l i t i c  s i l l i m a n i t e .  O ccasion-

®^y> p e l i t i c  h o r n f e ls e s  c o n ta in  a  f a i r  amount o f  corundum ( P la te  1 3 7 ), 

in d ica tin g  a h ig h  a lum ina  c o n te n t .
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P la te  133* F ib r o lite  pseudomorphic gam et; note r e l i c t  
garnet. P e l i t i c  h o rn fe ls  r a ft  in  Havnefjord d io r it e .  
P .P .L . X 25.

P late  134. B io t i t e - f ib r o l i t e - o r e  k n ots. P e l i t i c  
h orn fe ls  r a f t  in  Havnefjord d io r it e .  P .P .L . X 93



P la te  133. Garnet beginning to  a lt e r  to  f ib r o l i t e  and 
b io t i t e .  P e l i t i c  h o rn fe ls  r a ft  in  Havnefjord d io r ite .  
P .P .L . X 93.

P la te  1 3 6 . Garnet further a lte r e d  to  f ib r o l i t e  and 
b io t i t e .  P e l i t i c  h o rn fe ls  r a ft  in  Havnefjord d io r ite .  
P.P .L . X 93 .
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P la te  137. Corundum in  p e l i t i c  h o rn fe ls  in  Havnefjord 
d io r it e .  P .P .L . X 8 3 .

P la te  1 38 . Margin o f  p e r th ite  porphyroblast. P e l i t ic  
h o rn fe ls  in  Havnefjord d io r it e .  X -P l. X 8 3 .
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Sometimes th e  p e l i t e s  have been  s l i g h t l y  f e ld s p a th iz e d  and c o n ta in  

o c c a s io n a l p o rp h y ro b la s ts  o f b r a i d - p e r t h i t e  c o n ta in in g  a few in c lu s io n s  

of q u a r tz .  T h e ir  m arg ins a re  i r r e g u l a r ,  lo b in g  in to  th e  h o s t ,  and th e r e  

a re  numerous sm a ll in c lu s io n s  o f b i o t i t e  a t  th e  m arg in s ( P la te  1 3 8 ).

M eta lim estone R a f ts

These a re  c o a r s e l y - r e c r y s t a l l i z e d  m arb le s  in  w hich th e  c a l c i t e  

c r y s t a l s  form  a  s u b e q u ig ra n u la r  m osaic w ith  f a i r l y  s t r a i g h t ,  smooth g r a in  

b o u n d a rie s . A p a t i t e s ,  rounded  d io p s id e s ,  some p o ta sh  f e ld s p a r s ,  and a  

l i t t l e  o re  o ccu r a s  i n t e r s t i t i a l  g r a in s .

In  th e  m e ta lim e s to n e s  th e r e  a re  a few t h i n  c a l c - s i l i c a t e  bands which 

c o n s is t  o f  d io p s id e , a n d e s in e , o re ,  and o c c a s io n a l  z i r c o n s .

In  one r a f t  th e r e  i s  a  f e ld s p a th ic  p a tc h  o f w hich o n ly  h a l f  a  sq u are  

m etre i s  ex p o sed , and which may r e p r e s e n t  a  l e u c o c r a t i c  s e m i - p e l i t i c  a r e a  

in  th e  l im e s to n e . I t  c o n s is t s  m ain ly  o f  p o ta sh  f e ld s p a r ,  which i s  h a i r -  

■ p e r th i te ,  and w hich form s a  su b e q u ig ra n u la r  m osaic o f  p o ly g o n a l g r a in s .  

Other m in e ra ls  in c lu d e  d io p s id ic  c l in o p y ro x e n e , g re e n  h o rn b le n d e , and 

b i o t i t e ,  and th e s e  occur a s  i s o l a t e d  g r a in s  su rro u n d ed  by th e  m osaic .

Along th e  b o u n d a r ie s  betw een th e  p o ta sh  f e ld s p a r  g r a in s  th e r e  a re  

bands hav ing  a  r e f r a c t i v e  in d e x  h ig h e r  th a n  t h a t  o f p o ta sh  f e ld s p a r s .

A few of these bands show very vague a lb it e  twinning perpendicular to  

the grain boundaries, and they probably c o n s is t  o f sodic p la g io c la se .

A few of the potash fe ld sp ar  m egacrysts contain  sm all in c lu sio n s of  

potash fe ld sp a r , and th ese  in c lu s io n s  are a lso  rimmed by sodic p la g io c la se .  

Tt is  c le a r ly  not a phenomenon th a t can be a ttr ib u ted  to  intei*granular
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f l u i d s  s in c e  i t  i s  r e s t r i c t e d  t o  p o ta sh  f e ld s p a r /p o ta s h  f e ld s p a r  boun

d a r i e s ,  even  when t h i s  o ccu rs  w ith in  a m eg ac ry s t. I t  i s  p ro b a b ly  a  

r e c r y s t a l l i z a t i o n  f e a tu r e  in v o lv in g  o n ly  p o ta sh  f e l d s p a r ,  presum ably  

b rough t ab o u t by th e rm a l m etam orphism .

G a lc - s i l i c a t e  h o r n f e l s  R a f ts

The p r in c ip a l  m in e ra l in  th e s e  ro c k s  i s  d io p s id e ,  w hich g e n e ra l ly  

form s a  f in e - g r a in e d  g ra n u la r  t e x tu r e  w ith  p la g io c la s e .  Some bands con

t a i n  t r e m o l i t e ,  w hich i s  o f te n  i r r e g u l a r  and p o i k i l o b l a s t i c ,  and form s 

a d e c u s sa te  t e x t u r e .  In  one band th e  h o r n f e l s i c  t e x tu r e  i s  overgrow n 

by p o ik i l o b l a s t i c  cum m ingtonite w ith  th e  fo llo w in g  p leo ch ro ism :

X p a le  s tra w  

Y k h a k i

Z g re e n is h -k h a k i .

Basic H o rn fe ls  R a f ts

There a r e  a  few  f in e - g r a in e d  g r a n o b la s t ic  pyroxene h o r n fe ls e s  con

s is t in g  m ain ly  o f  rounded  g r a in s  o f  h y p er s th e n e ,  d io p s id e ,  and p la g io c la s e ,  

w ith a l i t t l e  o re .  In  some c a s e s ,  random ly o r ie n ta te d  d i f f u s e  b i o t i t e  

la th s  a re  a l t e r i n g  t o  py ro x en e .

O c c a s io n a lly  bands w ith  a  d i f f e r e n t  m in e ra lo g y  o c c u r , and th e  con

ta c ts  betw een th e  bands beccme g r a d a t io n a l ,  p resum ably  due t o  m ig ra tio n  

of c o n s t i tu e n ts  d u r in g  m etam orphism . F o r exam ple, one band c o n s is t s  o f 

pale g reen  p o i k i l o b l a s t i c  a c t i n o l i t e s  c o n ta in in g  in c lu s io n s  o f d io p s id e  

p la g io c la s e ,  and t h i s  g ra d e s  in to  th e  pyroxene h o r n fe ls  by th e  g ra d u a l



193

l o s s  o f  a c t i n o l i t e  and a  c o rre sp o n d in g  g a in  in  h y p e rs th e n e . In  th e  

mixed zone, o re s  form  rag g ed  l a t h s  w hich p roduce a  d e c u s sa te  t e x tu r e .

In  some o f th e  pyroxene h o r n fe ls e s  th e r e  a re  lo n g  p o i k i l o b l a s t i c  

b i o t i t e s  w hich e n c lo se  g r a in s  o f pyroxene and p la g io c la s e .  These b io 

t i t e  s have a  p r e f e r r e d  o r i e n t a t i o n ,  and m ust have been  form ed in  p o s t -  

h o rn fe ls in g  r e g io n a l  m etam orphism .

Towards th e  c o n ta c t  w ith  th e  d i o r i t e ,  th e  h y p e rs th e n e s  in  a  few 

pyroxene h o r n f e l s e s  become l a r g e  and p o i k i l o b l a s t i c  » Sometimes th e y  a re  

so r id d le d  w ith  in c lu s io n s  t h a t  th e y  a p p ea r  a s  s e p a ra te  g r a in s  hav ing  

th e  same o p t i c a l  o r i e n ta t i o n  ( P la te  1 3 9 ) . W ells  ( l9 5 l )  h a s  d e s c r ib e d  

s im ila r  s i e v e - te x tu r e d  p o rp h y ro b la s t ic  hy p er s th e n e  s i n  sed im en ta ry  

x e n o li th s  in  th e  h y p er s th e n e -g a b b ro  o f  A rdnam urchan.

In  th e  c o n ta c t  zone th e  t e x tu r e  o f th e s e  h o r n fe ls e s  b eg in s  t o  ta k e  

on an ig n eo u s a s p e c t .  A lthough  th e r e  a r e  sm all p a tc h e s  w hich s t i l l  

r e t a in  a g ra n u la r  h o r n f e l s i c  t e x tu r e  w ith  sub-rounded  h y p e rs th en e  g ra in s  

(P la te  140 ) ,  much o f  th e  ro c k  h a s  la r g e  p o i k i l o b l a s t i c  h y p er s th en e  s  

co n ta in in g  ra n d o m ly -o r ie n ta te d  p la g io c la s e  g r a in s  ( P la te  141 ) .  The 

p la g io c la s e  i s  la b ra d o r  i t  e h av in g  a  c o m p o sitio n  o f ab o u t An^Q. The 

hyper s th en e  s  and p la g io c la s e  s a re  o f te n  in te rg ro w n  in  a  t e x tu r e  re sem b lin g  

a su b o p h itic  te x tu r e . .  S in c e  i t  i s  th e  p ro d u c t o f m etam orphism , i t  i s  

proposed to  te rm  th e  t e x tu r e  s u b o p h i to b la s t ic  ( P la te s  142 and 143) •

th e  ro ck  i s  v iew ed  u n d er low  pow er, th e  predom inance o f p la g io c la s e  

over pyroxene g iv e s  th e  ro c k  a  d ia b a s lc  t e x t u r e ,  and th e  te rm  d ia b a s o -  

b la s t ic  i s  u sed  h e re  t o  in d ic a te  i t s  m etam orphic o r ig in *  I t  i s  shown 

in P la te  144.



P la te  139* P o i k i l o b l a s t i c  h y p e rs th e n e . H o rn fe ls  
r a f t  i n  H av n e fjo rd  d i o r i t e .  P .P .L . X 93#



P la te  l 4 0 . R e lic t  granular h o r n fe ls ic  tex tu re . 
Pyroxene-hornfels r a ft  in  Havnefjord d io r it e .  
P .P .L . X 85.

P late  l 4 l .  P o ik ilo b la s t ic  hypersthene. H ornfels
r a ft  in  Havnefjord d io r it e .  P .P .L . X 85 .



P la te  142. O ph itob lastic  tex tu re . Pyroxene-hornfels 
r a ft  in  Havnefjord d io r it e .  P .P .L . X 83.

P late  143. O ph itob lastic  te x tu r e . P yroxene-hom fels
r a ft  in  Havnefjord d io r it e .  X -P l. X 83.



P la te  l4 4 .  D ia b a s o b la s t ic  t e x tu r e  o f  p y ro x e n e -h o rn fe ls .  
R a f t  i n  H av n efjo rd  d i o r i t e .  X -P l. X 23#

P late  143. Vermicular p ls ig io c la se . Pyroxene-hornfels
r a ft  in  Havnefjord d io r it e .  X -P l. X 93*



194

P la g io c la s e  i s  commonly p o i k i l o b l a s t i c , c o n ta in in g  la r g e  numbers 

of q u a r tz  b le b s  and v e rm ic u le s  ( P la te  1 4 5 ) , a lth o u g h  q u a r tz  a ls o  o ccu rs  

i n t e r s t i t i a l l y .  I t  ap p e a rs  t h a t  th e  q u a r tz  was ex so lv e d  from  th e  p la 

g io c la s e ,  p resum ably  a s  th e  p la g io c la s e  became more c a l c i c  on r e c r y s t a l 

l i z a t i o n  d u r in g  m etam orphism . S i l i c a  i s  c l e a r l y  b e in g  e x p e l le d ,  and th e  

h o rn fe ls e s  a re  becom ing more b a s ic .

M obilized  H o rn fe ls  R a f ts

At th e  m arg in  o f  a  m e tase d im en ta ry  r a f t  on th e  w e s te rn  s id e  o f 

H avnefjo rd  th e  h o r n f e ls e s  have been  m o b iliz e d  and d is r u p te d  by th e  

d i o r i t i c  magma.

In  th e  se m i-* p e litic  h o r n f e l s e s ,  th e r e  i s  a  r e l i c t  s c h i s t o s i t y

d e lin e a te d  by d i f f u s e  b i o t i t  e s  and p o i k i l o b l a s t i c  k y a n ite  p r ism s .

I n t e r s t i t i a l  g r a in s  a r e  o f  q u a r tz  and f a i r l y  b a s ic  l a b r a d o r i t e ,  An^q.

Towards th e  c o n ta c t ,  k y a n i te  r e c r y s t a l l i z e s  t o  f a n - l i k e  a g g re g a te s  o f

f i b r o l i t i c  s H l im a n i te  ( P la te  I 46)..

In  th e  b a s ic  h o r n f e l s e s ,  h y p e rs th e n e  i s  th e  p redom inan t m in e ra l ,

o fte n  i n t e r  grown w ith  p la g io c la s e  and in  one c a se  p o i k i l o b l a s t i c  trem o -

l i t i c  am ph ibo le , th e  l a t t e r  p ro b a b ly  due t o  a  l a t e r  low -g rad e  r e g io n a l

metamorphism*. H y p ersth en e  i s  o f te n  c ra ck e d  and i s  a l t e r i n g  a lo n g  th e s e

cracks and c le a v a g e s  t o  a  brown f ib r o u s  m icaceous m in e ra l.  One b a s ic

band has an  ig n eo u s ap p earan ce  in  hand sam ple , b u t i n  t h i n  s e c t io n  i s  

seen to  c o n s i s t  a lm o st e n t i r e l y  o f  l a r g e  p o i k i l o b l a s t i c  o rth o p y ro x en e

grains ( P la te  1 4 7 ) . These a r e  c o lo u r le s s  b u t a r e  o p t i c a l l y  n e g a t iv e ,

are  presum ably  magnesia n  h y p ersth en e*  They a re  random ly o r ie n ta te d ,
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P la te  l 4 6 .  K y an ite  a l t e r i n g  to  f i b r o l i t i c  s i l l i m a n i t e .  
P e l i t i c  h o r n f e ls  r a f t  i n  H a v n e fjo rd  d i o r i t e .  P .P .L . X 95*

P la te  l4 y .  L arge p o i k i l o b l a s t i c  o rth o p y ro x e n e ; one i s  
i n  e x t in c t io n .  H o rn fe ls  r a f t  i n  H av n e fjo rd  d i o r i t e .  
X -P l. X 2 5 .
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and in c lu s io n s  a re  m ain ly  o f rounded d io p s id e  g r a in s .  When b i o t i t e  occu rs  

i t  does so  a s  r a t h e r  rag g ed  l a t h s .  O re, w hich i s  p y r r h o t i t e ,  a l s o  f r e 

q u e n tly  o ccu rs  a s  d e c u s sa te  rag g ed -ed g ed  l a t h s  ( P la te  14B).

The l i g h t ,  c ream y-yellow  bands w hich o ccu r around  th e  m argin  o f m ost 

of th e  h o r n f e ls  b lo c k s  c o n s i s t  o f  q u a r tz o - f e ld s p a th ic  m a te r ia l .  The 

p r in c ip a l  m in e ra l  i s  l a b r a d o r i t e ,  q u a r tz  o c c u rr in g  a s  i n t e r s t i t i a l  g r a in s  

and sm all b le b s  and v e rm ic u le s  in  th e  p la g io c la s e  ( P la te  149)* I t  ap p ea rs  

th a t  th e  fo rm a tio n  o f  th e  q u a r tz  i s  a  r e s u l t  o f  th e  e x s o lu t io n  o f s i l i c a  

from th e  p la g io c la s e .  In  one c a s e ,  s ta g e s  in  th e  e x s o lu t io n  can be 

observed . Some o f th e  p la g io c la s e  g r a in s  have d i f f u s e  v e rm ic u la r  p a tc h e s  

which ap p ear to  be l e s s  b a s ic  th a n  th e  r e s t ,  and may in d ic a te  where 

s i l i c a  i s  b e in g  c o n c e n tra te d  p r i o r  to  e x s o lu t io n  ( P la te  1 5 0 ) . In  n earb y  

p la g io c la s e  g r a in s  e x s o lu t io n  h a s  ta k e n  p la c e ,  and th e r e  a re  v e rm ic u la r  

in c lu s io n s  o f  q u a r tz ,  w hich in  m orphology resem b le  th e  d i f f u s e  v e rm ic u la r  

p a tch es in  th e  o th e r  p la g io c la s e  g r a in s  ( P la te  1 5 1 ) .  Thus i t  would 

seem t h a t  th e  p la g io c la s e  i s  becoming more b a s ic  in  co m p o sitio n , and t h a t  

th e  ex cess  s i l i c a  t h a t  can n o t be in c o rp o ra te d  i n to  th e  more' b a s ic  p la 

g io c la se  i s  ex so lv e d  a s  q u a r tz  in c lu s io n s .  Leake and S k irrow  (i9 6 0 ) 

have r e p o r te d  in c r e a s e s  in  th e  a n o r th i t e  c o n te n t  o f  p la g io c la s e  in  p e l i t i c  

h o rn fe ls e s  i n  th e  C ashel-L ough W heelaun i n t r u s io n  i n  County Galway, due 

to  th e  e x t r a c t io n  o f s i l i c a  from  th e  h o r n f e ls e s  by th e  magma.

In  p la c e s  r e c r y s t a l l i z a t i o n  h a s  been  so com plete  t h a t  th e  t e x tu r e  

approaches t h a t  o f  an  ig n eo u s ro c k . L arge  a l l o t r i o b l a s t i c  p o rp h y ro b la s ts  

of p o ik i lo b la s t i c  p la g io c la s e  b e g in  t o  form  a  x e n o b la s t ic  t e x tu r e  ( P la te  

152).



P la te  l4 8 .  D ecu ssa te  rag g ed  o re  l a t h s .  H o rn fe ls  r a f t  
i n  H av n e fjo rd  d i o r i t e .  P .P .L . X 8 5 *

P la te  149• I n t e r s t i t i a l  and verm icular quartz. H ornfels
r a ft  in  Havnef jord  d io r it e .  X -P l. X 85*



P la te  1 50 * D if fu s e  v e rm ic u la r  p a tc h e s  i n  p la g io c la s e *  
H o rn fe ls  r a f t  i n  H av n efjo rd  d i o r i t e .  X -P l. X 8 5 .

P la te  151. Vermicular quartz in  p la g io c la se
r a ft  in  Havnefjord d io r i t e . X -P l. X 85*

H o rn fe ls



P la te  1 52 . L arge p la g io c la s e  p o rp h y ro b la s ts .  M o b ilized  
h o r n f e l s  r a f t  i n  H av n efjo rd  d i o r i t e .  X -P l. X 25*

P la te  153* D is ru p tio n  o f  g r a n u la r  h o r n f e ls  by quartzo - 
f e ld s p a th ic  band* P .P .L . X 23•



196

T h is  t e x tu r e  su g g e s ts  t h a t  th e s e  zones have come v e ry  n e a r  t o  being  

m o b ile . T here i s ,  how ever, f u r t h e r  ev id en ce  t h a t  m o b il i ty  was a c tu a l ly  

ach iev ed  in  some c a s e s .  T e x tu re s  in d ic a te  t h a t  some o f  th e  b a s ic  h o r n fe ls  

bands have been  d is r u p te d  and v e in e d  by th e s e  q u a r tz o - f e ld s p a th ic  bands 

which m ust have been  m obile  ( P la te  153)* I t  a p p ea rs  t h a t  th e  te m p e ra tu re  

du rin g  th e  h o r n fe ls in g  was s u f f i c i e n t  t o  cau se  m o b i l iz a t io n  o f  th e  

q u a r tz o - f e ld s p a th ic  c o n s t i t u e n t s ,  w h i l s t  th e  more b a s ic  c o n s t i tu e n t s  

rem ained s o l i d .  I n  p la c e s  th e  h o r n fe ls e s  and th e  d i o r i t e  have been  n e t -  

ve in ed  by q u a r tz o - f e ld s p a th ic  m a te r ia l  c o n s is t in g  o f q u a r tz  and a  l i t t l e  

an d es in e , w hich form  an  i r r e g u l a r  in e q u ig ra n u la r  m o saic . I t  i s  l i k e l y  

th a t  th e  so u rce  o f  th e s e  v e in s  may be in  th e  q u a r tz o - f e ld s p a th ic  m o b iliz e d  

h o rn fe lse s*

The p o s s i b i l i t y  o f  th e  m o b i l iz a t io n  o f  q u a r t  z o - f e ld s p a th ic  m a te r ia l  

by s e le c t iv e  a n a te x is  o f m etased im en ts  due t o  h e a t ,  p ro b a b ly  in  th e  

p re se n c e  o f v o l a t i l e s ,  i s  d is c u s s e d  on p*290 *
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LATE DIORITES

P v T o x en e -m ica ^ d io rite s

G enera l

T h is  c o a r s e -g ra in e d  p y ro x e n e -m ic a -d io r i te  h a s  a  p o rp h y r i t  i c  xeno- 

m orphic t e x tu r e  ( P la te  1 5 4 ) . The p r in c ip a l  pyroxene i s  h y p e rs th e n e  (T ab le  

4 ) , and t h i s  i s  o f te n  th e  o n ly  pyroxene p r e s e n t .

The h y p e rs th e n e 8 a re  p le o c h ro ic  from  p in k is h - b u f f  t o  p a le  g re e n , and 

th e  p leo ch ro ism  i s  som etim es v e ry  s tro n g .  They a re  a n h e d ra l ,  and commonly 

c o n ta in  f a i n t  ye llow -brow n s c h i l l e r  in c lu s io n s  p a r a l l e l  t o  th e  c leav ag e  

t r a c e s  in  lo n g i tu d in a l  s e c t io n s  and a l s o  s u b p e rp e n d ic u la r  t o  t h i s  d i r e c 

t io n .  T here i s  a l s o  a  s l i g h t  a l t e r a t i o n  a lo n g  i r r e g u l a r  t r a n s v e r s e  

c rack s . The o c c a s io n a l d io p s id e  g r a in s  a re  o f te n  f r in g e d  by a  l i t t l e  

green h o rn b le n d e .

B io t i t e  som etim es e n v e lo p s  pyroxene and i n  p la c e s  can  be seen  t o  

be form ing from  i t  ( P la te  1 5 5 ) . I t  i s  n o t  p o s s ib le ,  how ever, t o  t e l l  

whether o r n o t  a l l  th e  b i o t i t e  h a s  form ed from  py ro x en e . B io t i t e  c r y s t a l s  

are h y p id io b la s t ic  t o  a l l o t r i o b l a s t i c ,  a r e  som etim es l a r g e ,  and a r e  o f te n  

deformed. They a re  commonly p o i k i l o b l a s t i c ,  c o n ta in in g  in c lu s io n s  o f 

pyroxene, p la g io c la s e ,  a p a t i t e ,  and z ir c o n .  Q u artz  i s  common b o th  a s  

blebs and v e rm ic u le s  i n  th e  b i o t i t e ,  and a s  i n t e r s t i t i a l  g ra in s  in  th e  

b io t i te  a g g re g a te s .

F e ld sp a rs  form  an  in e q u ig ra n u la r  m osaic w ith  i r r e g u l a r l y  shaped 

g ra in s , a lth o u g h  th e  m arg ins a re  n o t s t r o n g ly  s u tu re d .  F e ld s p a rs  a re  

Usually c l e a r ,  b u t  y e llo w ish  i r o n  s ta in in g  i s  common, p a r t i c u l a r l y

^ong  g ra in  b o u n d a r ie s .



TABLE L

MODAL AIIALÏSES OF PYROXSIIE-IUGA-DIORITES

M in era l 36/122B. 38/lSB 33/ 38A 38/48E 36/2374^ 36/_3QlA^ 36/ 30:

F la g . 50 ,66 22 .78 43.12 51 .56 5 4 .7 0 53 .60 6 4 .2 0

K -fe ld . 2 1 .3 0 50.51 37.78 35 .26 3 2 .7 0 29.65 1 7 .4 0

Q uartz 1 .3 6 - 1 .2 3 - - - -

Myrmekite - - 1 .9 2 0 .8 0 - - -

H ypers. 1 8 .6 6 1 3 .28 8 .9 2 7 .6 6 7 .0 9 13 .06 12 .89

B io t i t e 3 .6 0 9 .0 0 4 .9 3 2 .3 0 3 .5 1 1 .5 4 1 .7 5

H ornb l. 0 .5 3 0 .4 9 0 .1 4 0 .1 6 0 .6 6 0 .6 2 0 .1 8

Ore 3 .9 0 3 .3 3 1 .9 8 2 .3 0 1 .4 9 1 .4 6 2 .7 3

A p a tite — 0 .6 8 0 .0 2 - 0 .2 2 0 .31 0 .4 5

Zircon - - 0 .0 5 - 0 .0 2 - 0 .0 7

100 .01 100 .07 100 .09 1 0 0 .0 4 100 .39 1 0 0 .2 4 9 9 .7 6

1 : Modal a n a ly s is  c a r r i e d  ou t by macro p o in t  co u n tin g  te c h n iq u e s

-  see  A ppendix.



P la te  154. Texture o f  coarse pyroxene-m ica-d io r ite#  
X -P l. X 2 5 .

P la te  153. Hypersthene a lte r in g  to  b io t i t e .  Pyroxene- 
m ica -d io r ite . P .P .L . X 8 5 .
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P h e n o c ry s ts  a re  g e n e r a l ly  random ly o r i e n ta te d ,  b u t o c c a s io n a l ly  

th e y  have a  p r e f e r r e d  o r i e n t a t i o n  form ing  a c ru d e  f lu x io n  s t r u c t u r e .

Both p o ta sh  f e ld s p a r  and p la g io c la s e  form  a n h e d ra l  p h e n o c ry s ts ;  th e  

p o ta sh  f e l d s p a r  ones a re  p e r t h i t i c  w ith  sm a ll p la g io c la s e  in c lu s io n s ,  

and th e  p la g io c la s e  ones a r e  u s u a l ly  a n t i p e r t h i t i c ,  som etim es s t r o n g ly  

so . The p e r t h i t i c  o r  a n t i p e r t h i t i c  in c lu s io n s  a re  i r r e g u l a r  in  sh ap e , 

and th e  a n t i p e r t h i t e s  o f te n  in c lu d e  i r r e g u l a r  q u a r tz  g r a in s .  P la g io 

c la se  i s  g e n e r a l ly  i r r e g u l a r l y  and com plex ly  tw in n e d , and p e r i c l i n e  

tw ins a re  common. The co m p o sitio n  o f th e  p la g io c la s e  p h e n o c ry s ts  ap p ear 

to  be th e  same a s  th o se  in  th e  m a tr ix ,  i . e .  an d e s in e  around  An^Q. There 

a re  a  few  l a r g e  a r e a s  o f p la g io c la s e  m osaic w hich r e p r e s e n t  r e c r y s t a l 

l iz e d  p h e n o c ry s ts .

The p o ta sh  f e ld s p a r  p h e n o c ry s ts  a re  g e n e r a l ly  lo b e d  by m yrm ekite 

in  which th e  p la g io c la s e  i s  ab o u t An^Q. The p o ta sh  f e ld s p a r  h as an  

u n u su a lly  low  2V; m easurem ents by U -stag e  te c h n iq u e s  v a ry  from  t o  5 2 ° , 

the  m a jo r i ty  b e in g  betw een 40°  and 44°.

These p o ta sh  f e ld s p a r s  have an O r-c o n te n t o f a b o u t 65% (d e te rm in ed  

by f lu o re s c e n t  X -ray  sp e c tro sc o p y  -  see  P e tro c h e m is try ,  p.247 ) ,  T h is ,  

in  com bination  w ith  th e  av e rag e  o p t ic  a n g le  v a lu e ,  p l o t s  a s  a  f e ld s p a r  

ju s t  h a lf-w ay  betw een  th e  o r th o c la s e - m ic r o p e r th i te  cu rv e  and th e  s a n ^ d in e -  

c ry p to p e r th i te  cu rv e  on th e  a l k a l i  f e ld s p a r  g raphs o f  T u t t l e  (1952) and 

MacKenzie and Sm ith  (1 9 5 5 ).

T u t t le  and K e ith  (1954) have found  p e r t h i t i c  p o ta sh  f e ld s p a r s  in  

th is  range in  th e  Be in n  an D ubhaich G ra n ite  o f  Skye. To acco u n t f o r  t h i s

they c o n s id e r  t h a t  th e  soda phase  h as  o n ly  p a r t l y  in v e r te d  t o  th e  low -
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te m p e ra tu re  form  and t h a t  a  p a r t  h as  rem ained  as  h ig h - te m p e ra tu re  

a l b i t e ,  s in c e  th e  v a lu e  o f th e  o p tic  a n g le  o f an a l k a l i  f e ld s p a r  o f 

a c e r t a i n  co m p o sitio n  i s  a  f u n c t io n  o f th e  r a t i o  o f h ig h -  t o  low - 

te m p e ra tu re  a lb  i t e .  MacKenzie and Sm ith  (1 9 5 5 ), how ever, c o n s id e r  t h a t  

th e  v a lu e  o f th e  o p t ic  a n g le  may a ls o  depend upon th e  s t r u c t u r a l  s t a t e  

of th e  p o ta sh  p h a se , and t h a t  i t  in c r e a s e s  a s  th e  t r i c l i n i c i t y  in c re a s e s .

Erne1eus and Sm ith (1959) d e s c r ib e  a l k a l i  f e ld s p a r s  from  S lie v e  

G u llio n  w hich a ls o  f a l l  betw een th e  h ig h -  and low - te m p e ra tu re  c u rv e s . 

They c o n s id e r  t h a t  t h i s  in te rm e d ia te  p o s i t i o n  in d ic a te s  t h a t  th e  ro c k s  

p ro b ab ly  c o o led  a t  in te rm e d ia te  d ep th s  where c o o lin g  tim e  was n o t 

s u f f i c i e n t  t o  a llo w  in v e r s io n  t o  th e  lo w -te m p e ra tu re  s t a t e  t o  be com

p le te d .

The a l k a l i  f e ld s p a r s  in  th e  pyr oxene-m ic a - d i  o r i t e  s un d er p r e s e n t  

d is c u s s io n  f a l l  in  a  p o s i t io n  in te rm e d ia te  betw een th o se  o f T u t t l e  and 

K e ith , and th o s e  o f Emeleus and S m ith . T h e ir  co m p o sitio n  i s  s im i la r  to  

th e  fo rm er, and t h e i r  2V v a lu e s  a re  s im i la r  t o  th e  l a t t e r .  I t  i s  p ro 

bable t h a t  th e y  a r e  a l s o  in  an  in te rm e d ia te  s t a t e  betw een h ig h -  and low - 

tem pera tu re  p h a s e s , and may in d ic a te  t h a t  in v e r s io n  from  th e  h ig h -  

tem pera tu re  s t a t e  t o  th e  lo w -te m p e ra tu re  s t a t e  had  n o t beeen  com ple ted .

Ore i s  p r in c ip a l l y  i lm e n i te ,  w hich form s f a i r l y  la r g e  i r r e g u l a r  

g ra in s , o f te n  i n t e r s t i t i a l  and a lo n g  g r a in  b o u n d a r ie s . G o e th ite  a l s o  

occurs a lo n g  c ra c k s  in  th e  gangue m in e ra ls ,  and i s  o b v io u s ly  l a t e .  

Presumably i t  i s  a  seco n d ary  p ro d u c t form ed by h y d ra t io n  o f  an o x id e , 

but th e re  i s  no ev id en ce  a s  t o  w hat th e  o r ig i n a l  o re  w as.

The rem ain in g  a c c e s so ry  m in e ra ls  i n  th e s e  d i o r i t e s  a r e  a p a t i t e  

snd z irc o n , th e  l a t t e r  b e in g  q u i te  common.
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X e n o lith s

The c o a rse  p y ro x e n e -m ic a -d io r i te s  c o n ta in  numerous x e n o l i th s ,  

m ain ly  p e l i t i c  and s e m i - p e l i t i c ,  b u t a l s o  b a s ic  h o r n f e l s e s .  They v a ry  

in  s iz e  from  la r g e  b lo c k s  t o  sm all f rag m e n ts  ca p ab le  o f b e in g  seen  com

p le te  in  a s in g le  t h i n  s e c t io n ,  and many a re  becoming a s s im i la te d  by 

th e  d i o r i t e .

P e l i t i c  and S e m i- p e l i t i c  X e n o lith s

In  t h e s e ,  a  g r a n o b la s t ic  h o r n f e l s ic  t e x tu r e  i s  d eveloped  in  w hich 

po ly g o n al g r a in s  o f p o ta s h - f e ld s p a r , u s u a l ly  h a i r - p e r t h i t i c , have sm all 

ragged b i o t i t e  l a t h s  a lo n g  t h e i r  g r a in  b o u n d a r ie s  fo rm ing  a  d e c u s sa te  

te x tu r e .  However, a  r e l i c t  s c h i s t o s i t y  o r g n e i s s ic  t e x tu r e  i s  o f te n  

p re se rv ed  by bands r i c h  in  b i o t i t e s  a l t e r n a t i n g  w ith  f e ld s p a th ic  ban d s . 

Towards th e  c o n ta c t s ,  b i o t i t e  becomes r e p la c e d  by s i l l i m a n i t e ,  u s u a l ly  

f i b r o l i t i c ,  and o re  ( P la te  1 5 6 ) , b u t in  some p e l i t e s  l a r g e  f r e s h  

p o ik i lo b la s t i c  b i o t i t e s  a re  p ro b a b ly  a  l a t e r  r e g io n a l  m etam orphic e f f e c t .  

In  many o f th e  h o r n fe ls e s  th e r e  i s  c o n s id e ra b le  i r o n  s ta in in g  o f th e  

fe ld s p a rs  i n  c ra c k s  and a lo n g  g r a in  b o u n d a r ie s , p a r t i c u l a r l y  a t  th e  

margins o f th e  x e n o l i th s .  A t th e  c o n ta c t  o f one h o r n fe ls  a g a in s t  th e  

d io r i te  sm a ll h y p e rs th e n e s  fo rm , a p p a re n t ly  a t  th e  expense o f some o f  

the b i o t i t e s .  At t h i s  c o n ta c t  th e r e  i s  c o n s id e ra b le  i r o n  s t a in in g ,  and 

th is  ex cess  o f i r o n  may have r e s u l t e d  from  th e  a l t e r a t i o n  o f  b i o t i t e  

in to  h y p e rs th e n e . I n  t h i s  p a r t i c u l a r  c a s e ,  a s  th e  c o n ta c t  i s  c ro s s e d  

the h y p e rs th en es  and f e ld s p a r s  become c o a r s e r  and th e  amount o f b i o t i t e  

decreases u n t i l  th e  ro ck  re se m b le s  th e  d i o r i t e .  The c o n ta c t  i s  c o m p le te ly



>

P la te  136. B io t ite  a lte r in g  to  f ib r o l i t e  and ore . 
H ornfels x e n o lith  in  pyroxen e-m ica-d iorite . P .P .L . X 83.

P la te  157• Feldspar porphyroblast. H ornfels x en o lith  
in  p yroxene-m ica-d iorite . X -P l. X 23#
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g r a d a t io n a l ,  and i t  ap p e a rs  t h a t  th e  h o r n f e ls  i s  b e in g  made over in to  

d i o r i t e .

Sm all g re e n  s p in e l  g r a in s  a re  common in  some o f th e  p e l i t e s ,  and 

o c c a s io n a lly  th e y  o ccu r in  c l u s t e r s  en c lo se d  in  f e ld s p a r  and b i o t i t e .  

Corundum a l s o  o c c u rs  in  some p e l i t e s ,  in d ic a t in g  a low  s i l i c a  c o n te n t 

f o r  th e s e  p e l i t e s .

In  one p e l i t e ,  l a r g e  a l l o t r i o b l a s t i c  b u f f - c o lo u re d  g a rn e ts  have 

formed from  b i o t i t e .  I n c lu s io n s  o f  o re ,  u s u a l ly  v e ry  f in e - g r a in e d ,  a re  

common in  th e  g a r n e t s ,  and may r e s u l t  from  th e  a l t e r a t i o n  o f b i o t i t e .

The ro c k  h as  been  in te n s e ly  deform ed a f t e r  th e  grow th o f th e  g a r n e ts ,  

which a re  s e v e re ly  s h a t t e r e d .  F e ld s p a r s  a re  s t r a in e d  and have become 

g ra n u la te d  a t  t h e i r  m arg in s .

A few  o f  th e  p e l i t e s  have been  f e ld s p a th iz e d ,  in  which l a r g e  h a i r -  

p e r th i t e  p o rp h y ro b la s ts  have overgrow n th e  h o r n f e l s i c  t e x tu r e  p re se rv e d  

by sm all b i o t i t e  l a t h s  ( P la t e  1 5 7 ) . Many o f  th e  f e ld s p a r s  c o n ta in  c lo u d s  

of f in e ly - d is s e m in a te d  o re .

There a re  a l s o  some l a r g e  f r e s h  b i o t i t e s  w hich a re  o b v io u s ly  l a t e  

as th e y  l i e  a lo n g  th e  b o u n d a r ie s  betw een th e  f e ld s p a r  m e g a c ry s ts . These 

b i o t i t e 8 a r e  som etim es f le x e d ,  and a lm o st in v a r ia b ly  c o n ta in  in c lu s io n s  

of a p a t i t e  and g re e n  s p in e l ,  th e  l a t t e r  o f te n  b e in g  la r g e  ( P la te  1 5 8 ). 

Spinel i s  v e ry  abundan t in  th e s e  ro c k s  and i s  d is s e m in a te d  th ro u g h o u t 

(P la te  1 5 9 ).

Sasic Ho r n f e ls  X e n o lith s

I t  i s  n o t a lw ays p o s s ib le  t o  t e l l  w hether th e  b a s ic  h o r n fe ls e s  a re



P la te  138. S p in el c r y s ta ls  (dark g r a in s ) . H ornfels 
x e n o lith  in  pyroxen e-m ica-d iorite . P .P .L . X 23.

«
P la te  139• Dissem inated sp in e l g r a in s . H ornfels 
x e n o lith  in  p yroxene-m ica-d iorite . P .P .L . X 83#
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of ig n eo u s o r m e tased im en ta ry  o r ig in ,  a lth o u g h  o c c a s io n a l ly  r e l i c t  

banding  shows t h e i r  m e tased im en ta ry  o r ig in .  They have a  f in e - g r a in e d  

g ra n o b la s t ic  h o r n f e ls  t e x t u r e ,  g e n e r a l ly  c o n s is t in g  o f  h y p e rs th e n e , o re ,  

and l a b r a d o r i t e  w hich som etim es h a s  c l e a r ,  b ro ad  tw in  la m e lla e .  Ore 

commonly form s l a t h s  in  a  d e c u s s a te  p a t t e r n ,  and in  some c a se s  d i f f u s e  

b i o t i t e  l a t h s  a re  seen  to  be a l t e r i n g  to  h y p e rs th e n e . O c c a s io n a lly  th e r e  

are  a  few l a r g e  a n t i p e r t h i t i c  p la g io c la s e  g r a in s .

At th e  c o n ta c ts  h y p e rs th e n e s  a re  o f te n  l a r g e  and p o i k i l o b l a s t i c  

(P la te  1 6 0 ) , and app ro ach  th o se  o f th e  n e ig h b o u rin g  d i o r i t e  in  s iz e .

At th e s e  c o n ta c t s ,  h y p e rs th e n e s  in  th e  d i o r i t e  a r e  a n h e d ra l  and somewhat 

rounded and th e r e  i s  a  c o n s id e ra b le  amount o f i r o n  s ta i n i n g .  The 

d io r  i t  e -h y p e r s th e n e s  a re  s t r o n g ly  p le o c h ro ic  from  p in k is h - b u f f  to  p a le  

g reen , p o s s ib ly  s u g g e s tin g  c o n ta m in a tio n  by m e tase d im en ta ry  m a te r ia l .

I t  i s  p o s s ib le  t h a t  th e s e  h o r n fe ls e s  a r e  b e in g  made o v er t o  d i o r i t e  a t  

t h e i r  m a rg in s , and f u r t h e r  d is c u s s io n  on t h i s  fo llo w s  i n  th e  n e x t s e c tio n *  

One o f  th e  b a s ic  h o r n f e ls  x e n o l i th s  can  be seen  in  th e  f i e l d  t o  be 

a la rg e  b lo ck  o f H u s f jo rd  m etagabbro . T h is  i s  now a  pyroxene h o r n fe ls  

w ith a  f in e - g r a in e d  g r a n u la r  t e x t u r e ,  c o n s is t in g  p r im a r i ly  o f d io p s id e ,  

h y p ers th en e , o r e ,  and p la g io c la s e .  Some o f  th e  b i o t i t e s  a re  d i f f u s e  w hereas 

o th ers  a re  f r e s h ,  and th e  l a t t e r  a re  p ro b a b ly  a  l a t e r  r e g io n a l  m etam orphic 

e f f e c t .

S y m n le c ti te s  and C oronas 

Around some o f th e  m e tase d im en ta ry  b a s ic  x e n o l i th s  in  th e  p y ro x en e- 

m ic a -d io r i te s ,  p a r t i c u l a r l y  th o s e  w hich a r e  c l e a r l y  becoming a s s im i la te d ,



P la te  1 6 0 • P o i k i l o b l a s t i c  h y p e rs th e n e . H o rn fe ls  
x e n o l i th  i n  p y r o x e n e -m ic a -d io r i te .  X -P l. X 8 3 .
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i n t e r e s t i n g  t e x tu r e s  d ev e lo p  in  th e  d i o r i t e ,  in v o lv in g  th e  fo rm a tio n  

o f s y n a n te t ic  m in e ra ls .  These a re  seco n d ary  m in e ra ls  p roduced  a lo n g  

th e  b o u n d a r ie s  betw een two m in e ra ls  w hich a re  r e a c t in g  w ith  each  o th e r  

(and in  g e n e ra l  w ith  f r e e  m ig ra t in g  io n s ) .  The te rm  was in tro d u c e d  by 

Sederholm  (19I 6 ) ,  and th e y  may be p ro d u c ts  e i t h e r  o f l a t e r  metamorphism 

or o f autom etam orphism  in  w hich th e y  form ed a t  a  l a t e  magmatic s ta g e .  

S y n a n te tic  m in e ra ls  may ta k e  th e  form  o f  c o ro n a s , som etim es w ith  two o r 

more s h e l l s  i f  th e  r e a c t io n  ta k e s  p la c e  in  more th a n  one s te p  (Shand 1 9 4 5 ), 

or as  com plex in te rg ro w th s  betw een th e  s y n a n te t ic  m in e ra ls  form ed. Se

derholm te rm ed  th e s e  in te rg ro w th s  s y m p le c t i te s  when th e y  were v e rm ic u la r  

in  form , and d a c t y l i t e s  when th e y  were f i n g e r - l i k e  o r r o d - l ik e  in  fo rm .

In  th e  ro c k s  u n d er p r e s e n t  d is c u s s io n ,  s y m p le c t i te s ,  d a c t y l i t e s ,  

and co ro n as  fo rm , and th e s e  a r e  now d e s c r ib e d  in  d e t a i l  and t h e i r  s ig 

n if ic a n c e  d is c u s s e d .

The s y m p le c t i te s  and d a c t y l i t e s  a r e  form ed betw een h y p e rs th e n e  and 

po tash  f e ld s p a r ,  in d ic a t in g  t h a t  a t  th e  tim e  o f fo rm a tio n  o f th e  sy n a n te 

t i c  m in e ra ls  th e  h y p e rs th e n e  and p o ta sh  f e ld s p a r  were u n s ta b le  to g e th e r .  

Where h y p e rs th e n e  makes c o n ta c t  w ith  p o ta sh  f e ld s p a r  i t  becomes h ig h ly  

f r i t t e r e d  and b re a k s  up in to  rounded  o r e lo n g a te  g r a in s  ( P la te  I 6I ) .

The f a c t  t h a t  t h i s  o n ly  o ccu rs  a g a in s t  p o ta sh  f e ld s p a r  i s  shown by 

hypersthenes w hich make c o n ta c t  w ith  b o th  p o ta sh  f e ld s p a r  and p la g io c la s e .

In th e se  c a s e s  th e  f r i t t e r i n g  o n ly  d e v e lo p s  a g a in s t  th e  p o ta sh  f e ld s p a r  

(P la te  162) .. An ex trem e example o f  t h i s  s e le c t io n  i s  g iv e n  by h y p e rs 

thenes which have b een  e n c lo se d  w i th in  a n t i p e r t h i t i c  p la g io c la s e  pheno-

G rysts. These a re  q u i te  s ta b le  where th e y  make c o n ta c t  w ith  th e  p la g io c la s e



P la te  1 6 1 . P y ro x e n e -p la g io c la s e  s y m p le c t i te  a t  h y p e rs -  
th e n e /p o ta s h  f e ld s p a r  c o n ta c t .  P y ro x e n e -m ic a -d io r i te .  
P .P .L . X 8 3 .

P la te  1 6 2 . P y ro x e n e -p la g io c la s e  s y m p le c t i te  form ing a t  
h y p e r s th e n e /p o ta sh  f e ld s p a r  c o n ta c t  b u t n o t a t  h y p e rs 
th e n e /  p la g io c la s e  c o n ta c t .  P y ro x e n e -m ic a -d io r i te .
X -P l. X 8 3 .
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h o s t ,  b u t where th e y  a re  e n c lo se d  w ith in  p o ta sh  f e ld s p a r  e x s o lu t io n  

p a tc h e s  th e y  have d e g e n e ra te d  to  rounded  or v e rm ic u la r  g r a in s  ( P la te  

163).

V ario u s  s ta g e s  in  th e  developm ent o f th e  v e r m ic u l i te s  can  be t r a c e d .  

In  e a r ly  s ta g e s ,  d a c t y l i t i c  h y p e rs th e n e  g r a in s  a re  s t i l l  jo in e d  in to  

th e  p a re n t  c r y s t a l  and rem ain  i n  o p t i c a l  c o n t in u i ty  w ith  i t .  In  th e  

n ex t s t e p ,  th e s e  d a c t y l i t i c  g r a in s  become d e tach ed  from  t h e i r  p a re n t  b u t 

a re  s t i l l  in  o p t i c a l  c o n t in u i ty  w ith  i t .  M eanwhile th e  p a re n t  c r y s t a l  

d e c re a se s  i n  s iz e  a s  i t  p ro v id e s  g r a in s  t o  th e  v e r m ic u l i t e s .  The form 

a t io n  o f th e s e  t e x tu r e s  i s  a  p re lu d e  t o  f u r t h e r  ch em ica l r e a c t io n s  b e t

ween h y p e rs th e n e  and p o ta sh  f e ld s p a r .  As a  r e s u l t  o f  th e s e  r e a c t io n s  

th e  pyroxene becomes p a le  g re e n , n o n -p ie o c h ro ic , and more h ig h ly  b i r é 

f r in g e n t .  I t  a p p e a rs  t o  be d io p s id ic ,  and now a l l  th e  g r a in s  do n o t 

rem ain in  o p t i c a l  c o n t in u i ty  w ith  one a n o th e r .  The p o ta sh  f e ld s p a r  

a l t e r s  t o  p la g io c la s e  o f  o l ig o c la s e  c o m p o s itio n , and t h i s  e n c lo se s  th e  

d io p s id ic  g r a in s .  R a re ly ,  s ta g e s  in  th e  e v o lu t io n  o f  th e s e  s y m p le c t i te s  

can be observed  in  a  s in g le  exam ple. I n  th e s e ,  th e  pyroxene d a c t y l i t e s  

proxim al t o  th e  p a r e n t  g r a in  a r e  h y p e rs th e n e  and a re  in  o p t i c a l  c o n tin 

u i ty  w ith  i t ,  w hereas d i s t a l  g r a in s  a re  v e rm ic u la r  d io p s id e s  ( P la te  I 64 ) .  

In  th e  most advanced  s ta g e s ,  th e  p a re n t  c r y s t a l  h as  been  co m p le te ly  

rep laced  by d io p s id e - p la g io c la s e  s y m p le c t i te s  ( P la te  1 6 5 ) .

The problem  w ith  th e s e  s y m p le c t i te s  i s  t o  t e l l  w hether th e y  a re  l a t e  

^lagmatic e f f e c t s  o r w hether th e y  a re  o f m etam orphic o r ig in .  I t  m ust be 

remembered t h a t  th e y  o n ly  o ccu r in  th e  neighbourhood  o f  x e n o l i th s ,  and 

th a t away from  th e s e  th e  h y p e rs th e n e s  a re  q u i t e  s ta b le  w ith  p o ta sh



P la te  1 6 3 . V erm icu la r pyroxene i n  p o ta sh  f e ld s p a r  
e x s o lu t io n  p a tc h  i n  a n t i p e r t h i t e .  P y ro x en e-m ica- 
d i o r i t e .  X -P l. X 1 7 0 .
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f e ld s p a r .  Thus i t  i s  c l e a r  t h a t  th e  x e n o l i th s  p la y  a  s i g n i f i c a n t  p a r t  

in  th e  fo rm a tio n  o f th e s e  t e x t u r e s ,  p resum ably  due to  c o n ta m in a tio n  

e f f e c t s  upon th e  su rro u n d in g  d i o r i t i c  m a te r ia l .  T h is  c o n ta m in a tio n  

cou ld  cau se  th e  r e a c t io n s  t o  ta k e  p la c e  a t  th e  tim e o f em placem ent o f 

th e  d i o r i t e ,  o r a l t e r n a t i v e l y  i t  co u ld  cau se  a  l a t e n t  ch em ica l i n s t a 

b i l i t y  in  th e  d i o r i t e  around  th e  x e n o l i th s .  In  th e  l a t t e r  ca se  th e  

i n s t a b i l i t y  c o u ld  become m a n ife s t  in  r e a c t io n s  p ro d u c in g  s y m p le c t i te s  

i f  th e  ro c k  underw ent a  l a t e r  metamorphism d u r in g  w hich m e ta s ta b le  r e l a 

t io n s h ip s  w ere s t a b i l i z e d .  Thus th e  f a c t  t h a t  th e  fo rm a tio n  o f th e  

s y m p le c tite s  i s  a s s o c ia te d  w ith  c o n ta m in a tio n  by th e  x e n o l i th s  does n o t 

uneq u iv o cab ly  d em o n stra te  a t  w hat s ta g e  in  th e  d i o r i t e  *s h i s t o r y  th e y  

were form ed.

C o n s id e ra tio n s  o f th e  c h e m is try  o f  th e  r e a c t io n s  may g iv e  a  c lu e  

to  th e  l i k e l y  tim e  o f fo rm a tio n . The r e a c t a n t s  a re  h y p e rs th en e  and 

p e r th i t i c  p o ta s h  f e ld s p a r ,  and th e  r e a c t io n s  te n d  t o  produce p la g io c la s e  

and a d io p s id ic  p y roxene . An e x tre m e ly  s im p l i f ie d  e q u a tio n  o f th e  p ro b a b le  

re a c tio n  may be w r i t t e n :

(Mg.Fe)0.Si02 + (K.Na)20.Al203.6Si02 + 2Ga^*
h y p e rs th e n e  p e r t h i t i c  p o ta sh  f e ld s p a r

(Mg. Ga) 0 .8102  + (N a.iC a) 2O.AI2O3 . 48102 + 8 IO2 + + 2K"̂  + 20
d io p s id e  p la g io c la s e

2-

The r e a c t io n  r e q u i r e s  th e  a d d i t io n  o f  Ga^’*’ s in c e  b o th  d io p s id e  and 

p la g io c la se  a re  fo rm ed. D uring  r e g io n a l  metamorphism i t  i s  more u s u a l  

lo r  a l k a l i s  t o  be m ig ra t in g  a s  f r e e  io n s  th a n  i t  i s  f o r  l im e , and i t  

seems more p ro b a b le  t h a t  th e  ca lc iu m  io n s  w ere d e r iv e d  from  b a s ic  m a te r ia l  

contam inating th e  d i o r i t e .  F o r t h i s  re a s o n  i t  i s  c o n s id e re d  t h a t  th e
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s y m p le c t i te s  w ere p ro b a b ly  form ed a t  th e  tim e o f em placem ent o f th e  

d i o r i t e  r a t h e r  th a n  d u rin g  a  l a t e r  m etam orphism .

T e x tu ra l  ev id en ce  s u p p o rts  t h i s  v iew . The d i o r i t e  c o n ta in s  l a t e  

b i o t i t e s  w hich were p ro b a b ly  form ed d u r in g  r e g io n a l  m etam orphism . 

O c c a s io n a lly  th e s e  b i o t i t e s  overgrow  th e  s y m p le c ti te s  ( P la t e  1 6 6 ). T h is  

ev id en ce  does n o t p rove c o n c lu s iv e ly  t h a t  th e  s y m p le c t i te s  co u ld  n o t 

have form ed d u r in g  th e  m etam orphism , b u t i t  does show t h a t  t h e i r  form

a t io n  was fo llo w e d  by th e  grow th o f m etam orphic m in e ra ls .

A no ther f e a tu r e  conmon t o  th e s e  c o n tam in a ted  a r e a s  o f  th e  d i o r i t e  

i s  th e  developm ent o f v e rm ic u la r  in c lu s io n s  o f o re  in  th e  h y p e rs th e n e s . 

These t e x t u r e s  a re  n o t  s t r i c t l y  s y m p le c t i te s  s in c e  no chem ical r e a c t io n s  

appear t o  have been in v o lv e d  in  t h e i r  fo rm a tio n , b u t r a t h e r  th e y  a re  

e x s o lu tio n  phenomena. However, th e y  a re  d is c u s s e d  h e re  a s  t h e i r  form 

a tio n  i s  d ependan t upon th e  p re se n c e  o f th e  x e n o l i th s .  The o re s  a re  ilm e

n i te  and m a g n e ti te ,  and th e s e  som etim es form  d e l i c a t e  v e r m ic u l i te s  in  

the c e n t r a l  p a r t s  o f  th e  h y p e rs th e n e s  ( P la te  1 6 7 ) . More commonly th e  

v e rm ic u li te s  a re  r a t h e r  c o a r s e r  and ra g g e d , and in  many c a se s  i r r e g u l a r  

in c lu s io n s  o f s o l id  o re  a re  form ed ( P la te  l 6 8 ) .  I t  i s  t o  be n o te d  t h a t  

the o res  h e re  in c lu d e  m a g n e ti te ,  which does n o t  n o rm a lly  occur in  th e  

coarse d i o r i t e s ,  and th e s e  m ust have been  d e r iv e d  from  some so u rce  o th e r  

than th e  d i o r i t i c  magma. I t  i s  a l s o  s i g n i f i c a n t  t h a t  th e  h y p e rs th e n e s  

con ta in ing  t h i s  o re  a r e  s t r o n g ly  p le o c h ro ic  from  deep p in k is h - b u f f  t o  

l ig h t  g re e n , s u g g e s tin g  c o n ta m in a tio n  by m etased im en ta ry  m a te r ia l .

In  th e  b a s ic  h o r n fe ls e s  c o n s t i t u t i n g  th e  x e n o l i th ic  in c lu s io n s  

% persthene g r a in s  a l s o  c o n ta in  o re  in c lu s io n s ,  o f te n  v e rm ic u la r



P la te  166 . B i o t i t e  overgrow ing  pyroxene s y m p le c t i te .  
P y ro x e n e -m ic a -d io r i te .  P .P .L . X 8 ^ .



P la te  1 6 7 . V erm icu la r o re  i n  d io r i t e - h y p e r s th e n e .  
P y ro x e n e -m ic a -d io r i te .  P .P .L . X 95*

P la te  168. Ore in c lu s io n s  in  d ior ite -h yp ersth en e.
P yroxene-m ica-d iorite. P .P .L . X 9 5 «>
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(P la te  169 ) .  The te x tu r e s  c lo s e ly  resem b le  th o s e  in  many o f th e  d i o r i t e -  

h y p e rs th e n e s . In  th e  d i o r i t e  n e x t t o  th e  c o n ta c t ,  l a r g e  m arkedly  p le o -  

c h ro ic  h y p e rs th e n e s  c o n ta in  a number o f s e p a ra te  o re  in c lu s io n s ,  each  

one re se m b lin g  th o se  in  th e  c e n t r e s  o f th e  sm a ll h o rn fe ls -h y p e r s th e n e s  

(P la te  1 7 0 ) . I t  ap p e a rs  t h a t  th e  la r g e  s t r o n g ly  p le o c h ro ic  d i o r i t e -  

h y p e rs th e n e s  have form ed by th e  am algam ation  o f a  number o f h o r n f e l s -  

h y p e rs th e n e 8 , each  one r e t a i n in g  i t s  c e n t r a l  o re  in c lu s io n s .  A lthough 

th e  l a r g e  h y p e rs th e n e  seen  in  P la te  170 a p p e a rs  t o  be a  s in g le  un ifo rm  

c r y s ta l  u n d er p la n e - p o la r iz e d  l i g h t ,  u n d er c ro s s e d  p o la r s  i t  i s  seen  t h a t  

i t  i s  n o t  a l l  e x a c t ly  in  o p t i c a l  u n i ty .  A reas betw een th e  o re s  have 

very  s l i g h t l y  d i f f e r e n t  o p t i c a l  o r i e n t a t i o n s ,  p e rh ap s  em phasiz ing  t h a t  

the c r y s t a l  h as  been  form ed by th e  am algam ation  o f s e p a ra te  g r a in s  and 

has n o t q u i te  a c h ie v e d  o p t i c a l  c o n t in u i ty . .

T h is  th e o ry  f o r  th e  fo rm a tio n  o f  th e s e  l a r g e  h y p er s th en e  s i s  borne 

out by th e  o b s e rv a t io n  o f a  l a r g e  d i o r i t  e -h y p e r  s th e n e  a c tu a l ly  jo in e d  

to  a sm all h o rn f  e l  s -h y p e r  s th e n e , w ith  o re  o c c u r r in g  in  th e  hyper s th e n e  

which makes th e  j o i n  ( P la te  1 7 1 ) . I t  a p p e a rs  from  t h i s  t h a t  th e  h o rn f  e l  ses  

are being  in c o rp o ra te d  in to  th e  d i o r i t e  a t  t h e i r  m a rg in s . I f  th e  p ro c e s s  

was c o n tin u e d  f u r t h e r ,  a l l  t r a c e  o f th e  h o rn f  e l  s e s  would p ro b ab ly  d i s 

appear, and th e y  would be co m p le te ly  r e p la c e d  by d i o r i t e .  Thus i t  seems 

to  be p o s s ib le  f o r  a  d i o r i t i c  ro c k  t o  form  from  th e  a s s im i la t io n  o f 

basic m e tased im en ta ry  m a te r ia ls

In  th e  ne ighbourhood  o f some p e l i t i c  x e n o l i th s ,  s y n a n te t ic  m in e ra ls  

Torm as co ro n as  around  s e v e ra l  d i f f e r e n t  m in e ra ls .

A corona o f d a rk  g ree n  h o rn b len d e  form s around  o re  g r a in s  where



/

P la te  1 6 9 . V erm icu la r o re  i n  h o r n fe ls -h y p e r s th e n e .  
P y ro x e n e -m ic a -d io r i te .  P .P .L . X I 7 0 .



P la te  1 7 0 . Ore in c lu s io n s  i n  d io r i te - h y p e r s th e n e  
( c o a r s e -g ra in e d )  re sem b lin g  th o s e  i n  h o r n f e l s -  
h y p e rs th e n e  ( f i n e - g r a in e d ) .  P y ro x e n e -m ic a -d io r i te .  
P .P .L .  X 2 5 .

i
4

P la te  1 7 1 . J o in  betw een d io r i te - h y p e r s th e n e  and  h o r n f e l s -  
h y p er s th e n e ;  n o te  o re  in c lu s io n s  i n  d io r i t e - h y p e r s th e n e .  
P y ro x e n e -m ic a -d io r i te .  P .P .L . X 8 ^ .
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c o n ta c t  w ith  p lag ioclasE e i s  made. O c c a s io n a lly  t h i s  am phibole h as  a 

tu rq u o is e  t i n g e ,  in d ic a t in g  a  c e r t a i n  s o d ic  c o n te n t ,  p resum ably  d e r iv e d  

from th e  p la g io c la s e .  In  th e  r e a c t i o n ,  i r o n  from  th e  o re  h as  been  added 

to  th e  c a lc iu m , alum inium , and s i l i c o n  o f th e  p la g io c la s e  under hydrous 

c o n d it io n s  t o  form  h o rn b le n d e ; in  some c a s e s  th e  ex c e ss  soda has been  

accommodated in  th e  h o rn b len d e  s t r u c t u r e .  The ap p ro x im ate  e q u a tio n  may 

be r e p re s e n te d  sy m b o lic a lly  a s  fo llo w s :

5FeO + 2 [(Na.iGa) 2O. AlgO^. /iSiOg] + HgO + Al^ +
o re  a n d e s in e  p la g io c la s e

2CaO. 5 (Mg.Fe. A l) O.HgO. SSlOg + + 60^ ~
h o rn b len d e

Ore i s  som etim es rimmed in s te a d  by o rth o p y ro x en e  w hich i s  f a i n t l y  

p le o c h ro ic  from  b u f f  t o  p a le  g re e n , and i s  p resum ab ly  hy p er s th e n e .

This may have the reaction:

FeO + (N a.iC a)20.A l203.4Si02 +
ore a n d e s in e  p la g io c la s e

(Mg.Fe) O.SiOg + AI2O3 + 38102 + Gâ "̂  + 2Na'̂  + 0 “̂ 
h y p e rs th e n e

Double co ro n as  form  around  some o re s  in  w hich h y p e rs th e n e  form s 

the in n e r  s h e l l  and h o rn b len d e  th e  o u te r  ( P la te  1 7 2 ) , i n d ic a t in g  t h a t  

the r e a c t io n s  p ro d u c in g  th e  s y n a n te t ic  m in e ra ls  to o k  p la c e  in  two s ta g e s .  

I f  th e  h o rn b len d e  form ed f i r s t  by th e  r e a c t io n  g iv en  above, th e n  th e  

second r e a c t io n  betw een  t h i s  and th e  o re  m ust have been  o f  th e  fo llo w in g  

nature  :

FeO + 2C a0.5(M g.Fe.A l)0Jl20.SSi02 + —*
Gre h o rn b len d e

^ ̂  ̂ ^ e r s t h e n e  * ^ 2 °  * 5A1^* + Fe^*



P la te  1 7 2 . Double co ro n as  a round  o re ;  in n e r  s h e l l  i s  
o f  h y p e rs th e n e  and  o u te r  i s  o f  h o rn b le n d e . P yroxene- 
m ic a - d io r i t e .  PoP .L . X 95»
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On th e  o th e r  h an d , i f  th e  h y p e rs th e n e  form ed f i r s t ,  th e n  th e  second 

r e a c t io n  m ust have ta k e n  p la c e  betw een t h i s  and th e  p la g io c la s e  a s  

fo llo w s :

(K a .|C a )2 0 .A l2 0 3 .43102 + 5 [(M g.F e)0 .S 102] + H2O + Al^"^ + ÔO^- 
a n d e s in e  p la g io c la s e  h ^ e r s t h e n e

2G a0.5(M g.Fe.A l)0 .H 20.8S102 + 5SIO2 + 4Ma"̂  
h o rn b len d e

The l a t t e r  r e a c t i o n  i s  p ro b a b ly  th e  more l i k e l y  s in c e  in  th e  fo rm e r , 

th e re  a p p e a rs  t o  be f r e e  i r o n  on b o th  s id e s  o f th e  e q u a tio n .

I n  o th e r  ex am p les, many o re s  a re  rimmed by t h i n  co ro n as  o f g r a n u la r ,  

c o lo u r le s s  g a r n e t .  Sometimes th e  g a rn e t  i s  i n  d i r e c t  c o n ta c t  w ith  b o th  

th e  ore  and th e  p la g io c la s e ,  and som etim es th e r e  i s  a  s h e l l  o f h y p e rs 

thene betw een th e  g a rn e t  and th e  o re  ( P la te  173)# I n  th e  fo rm er c a s e ,  

th e  r e a c t io n  i s  o f  th e  fo llo w in g  n a tu r e :

,2+FegO^ + (Na.-^a) gO.AlgO^. ̂ iO^ + 2Ca'̂  
ore  a n d e s in e  p la g io c la s e

3Ca0.(Fe.Al)203.3S102 + SIO2 + 2Na‘̂ + 0̂ “ 
g a rn e t

In  th e  l a t t e r  c a s e ,  th e  r e a c t io n s  may b e :

( 1 ) FeO + (N a.iC a) 2O.AI2O3 . 48IO2 + Mg "̂  ̂
o re  an d e s in e  p la g io c la s e

(M g.Fe)0 ..S102 + A I2O3 + 3SIO2 + Ga^^ + 2Ha'* + 0^ -  
h y p e rs th e n e

(11) (M g.Fe)0 .S 102 + (N a .iC a )2O.Al203 . 43i 02 + 2C a ^
h y p e rs th e n e  a n d e s in e  p la g io c la s e

3 ( G a .M g .F e ) .A l 2 0 3 .3 S 1 0 2  + 4 3 1 0 2  + 2Na'^ + 0 2 -  
garnet

Shand (I94.5) has recorded that when garnet occurs in  complex coronas 

it  occurs on the outside, against the p lagioclase.



%

P la te  173* G arn et rim m ing h y p e rs th e n e  w hich i n  tu r n  
r im s  o r e .  P y ro x e n e -m ic a -d io r i te .  P .P .L . X 8 3 .

P late  174. Garnet corona around b io t i t e .
m ica -d io r ite . P .P .L . X 93.

P yroxene-
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G arn e t a l s o  form s t h i n  co ro n as  around  some o f th e  b i o t i t e s  ( P la te  

174-) • The b i o t i t e  i s  o b v io u s ly  a l t e r i n g  to  g a r n e t ,  and th e  g a rn e t  con

t a i n s  m inu te  b i r é f r i n g e n t  p a tc h e s  where th e r e  a re  r e l i c s  o f b i o t i t e ,  

e s p e c ia l ly  a lo n g  th e  c o n ta c t  zone. The fo rm a tio n  o f  th e  g a rn e t  was 

p ro b ab ly  in  th e  fo llo w in g  way:

KnO.6 (M g.Pe) 0 .AlpOq.2HpO.6SiOn + (N a.fC a)hO .A l^O ^.4SiO _ ^
^  b i o t i t e  3 ^ ^ andesine p la g id c la s e ^  ^

2[3(M |^ e)0 .A l203 .3S 102l + ASiOg  ̂ 2H2O + + 2Na* + 2K+ + 2 0 ^

Some o f th e  b i o t i t e s  have co ro n as  o f d a rk  g re e n  h o rn b len d e  t o  w hich 

i t  i s  c l e a r l y  a l t e r i n g .  The c o n ta c ts  betw een  them  a re  d i f f u s e  and th e  

r e a c t io n  m ust be o f  th e  fo llo w in g  n a tu r e :

K20.6(Mg.Fe)0.Al20^.2Î20.6Si02 + (Ha.iGa)20.Al203.45102 + Oa^+ + Al^+ 
b i o t i t e  an d e s in e  p la g io c la s e

2C a0 .5 (M g .F e .A l)0 JÎ2 0 ,8 S 1 0 2  + 2SIO2 + H2O + Mg2+ + + 2Na*
h o rn b le n d e

+ 2K‘̂  + 120^“

The developm ent o f  th e s e  com plex co ro n as  i s  n o t u b iq u i to u s  th ro u g h  

th e  ro c k , even in  th e  neighbourhood  o f  x e n o l i th s .  However, th e y  occu r 

in  i r r e g u la r  p a tc h e s  w hich a re  g e n e r a l ly  somewhat f in e r - g r a in e d  th a n  

the r e s t  o f  th e  d i o r i t e  and w hich may r e p r e s e n t  fo rm er f in e - g r a in e d  

x e n o lith ic  in c lu s io n s  in  th e  d i o r i t e .

A gain , th e  c lu e  t o  th e s e  t e x tu r e s  l i e s  in  th e  h o rn f  e l s  in c lu s io n s .  

These p e l i t i c  h o rn f  e l  s e s  som etim es have t e x tu r e s  v e ry  s im i la r  t o  th o se  

311s t  d e s c r ib e d  b u t on a s m a lle r  s c a le  ( P la te  175 , c f .  P l a t e s  173 and 

174). In  th e s e ,  b i o t i t e s  and h y p e rs th en es : a r e  rimmed by t h i n  co ro n as  

of g a rn e t ,  and i n  a d d i t io n  th e r e  i s  an  abundance o f deep  g re en  s p in e l .

These sp inels, together with ore grains, are rimmed by hypersthene or



k
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P la te  173# G arn et rimming b i o t i t e ,  h y p e rs th e n e , o re  
and s p in e l .  P y ro x e n e -m ic a -d io r i te .  P .P .L . X 95#
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g a r n e t ,  o r by b o th  w ith  g a rn e t  on th e  o u ts id e .  The fo rm a tio n  o f  h y p er

s th en e  o r g a rn e t  from  s p in e l  m ust be a s  fo llo w s :

( i )  (M g.Fe)0 .A l203 + SiOg (M g.Fe)0 . S i 02 + A I2O3 
s p in e l  h y p e rs th e n e

( i i )  3 [(M g.Fe)O .A I2O3] + 38102 3 (M g.Fe)0 .A l2 0 3 .38102 + 2AI2O3
s p in e l  g a rn e t

The fo rm a tio n  o f th e s e  t e x tu r e s  in  th e  p e l i t e s  i s  p ro b a b ly  a s so 

c ia te d  w ith  th e  h o r n fe ls in g  by th e  d i o r i t e .  The f in e r - g r a in e d  p a tc h e s  

in  w hich co ro n as  d ev e lo p  in  th e  d i o r i t e  ap p ea r t o  r e p r e s e n t  r e l i c s  o f 

a s s im ila te d  p e l i t i c  h o m f e ls e s  i n  w hich com plex co ro n as  had  developed  

b e fo re  th e y  were made over i n to  d io r i t e #

I t  can  be seen  from  th e  s tu d y  o f th e  s y m p le c t i te s  and co ro n as  in  

th e  c o a rse  p y ro x e n e -m ic a -d io r i te s  t h a t  th e s e  d i o r i t  e s  a re  h ig h ly  con

tam in a ted  rocks#  E vidence p ro v id e d  by th e  v a r io u s  t e x tu r e s  le a d s  to w ard s 

the  c o n c lu s io n  t h a t  much o f  th e  m a te r ia l  c o n s t i t u t ^ g  th e  d i o r i t e ,  a t  

l e a s t  in  th e  neighbourhood  o f  th e  m etased im en t x e n o l i th s ,  i s  o f m eta

sed im entary  o r ig in ,  h av in g  been  d e r iv e d  from  th e  x e n o li th s#  F o r f u r t h e r  

d is c u s s io n , see  p#268 •

These c o a r s e -g ra in e d  q u a r t z - d i o r i t e s  a re  som etim es m o n zo n itic  (T ab le  

5), and have a  p o r p h y r i t i c  xenom orphic t e x tu r e  ( P la te  176 ) .

P h en o c ry sts  a r e  n e a r ly  a lw ays o f p e r t h i t i c  p o ta sh  f e ld s p a r  and a re  

large  and a n h e d ra l .  In c lu s io n s  o f i r r e g u la r ly - s h a p e d  q u a r tz  g r a in s  

^ d  of sm all b i o t i t e s  occur i n  th e s e  m egacrysts*  At t h e i r  m arg ins th e r e  

is  commonly a  developm ent o f m yrm ekite lo b in g  in to  th e  p o ta sh  f e l d s p a r s .



TABLE 5

MODAL AMI.YSES OF GARII5T-RICH QUARTZ-PI PRITES

M in era l 38/1  3A 38/560 /^ /4A /6 /l7 A ^

P la g io c la s e 1 5 .3 0 12 .75 1 2 .9 5 3 3 .1 4

K -fe ld s p a r 66 .4 7 6 2 .47 6 0 .6 9 40.35

Q u ^ tz 6 .1 2 19 .6 3 1 1 .5 3 2 .9 7

Myrmekite 0 .7 6 - 0 .44- -

B io t i t e — 2.5 9 1 1 .6 3 1 7 .97

M uscovite 0 .3 6 1 .4 8 0 .2 3 -

G arnet 0 .2 2 — 1 .3 3 4 .8 0

Ore 0 .2 7 - 0 .2 7 0 .2 4

A p a tite - - 0 .0 5 0 .0 6

Z ircon 0 .2 0 0 .08 0 .9 6 0 .2 1

99 .96 100 .00 10 0 .0 8 9 9 .7 4

1 : Modal a n a ly s is  c a r r i e d  ou t by macro p o in t  c o u n tin g  te c h n iq u e s

see A ppendix .



P la te  176 . T e x tu re  o f  c o a rse  g a r n e t - r i c h  q u a r tz -  
d i o r i t e .  X -P l. X 2 3 .
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In  p la c e s  th e s e  p o ta sh  f e ld s p a r s  e x h ib i t  m ic ro c lin e  tw in n in g , in d ic a t in g  

t h a t  th e y  have a  c e r t a i n  d eg ree  o f  t r i c l i n i c i t y .  P o ta sh  f e ld s p a r  a l s o  

o ccu rs  in  th e  m a tr ix .

P la g io c la s e  c r y s t a l s  o ccu r m ain ly  in  th e  m a tr ix ,  b u t  a l s o  o cc a s io n 

a l l y  a s  p h e n o c ry s ts .  They a re  o l ig o c la s e -a n d e s in e  in  c o m p o sitio n , b e in g  

around An^Q. Some a re  s l i g h t l y  deform ed and c ra c k e d , and m ost o f  them 

a re  c lo u d y  and s l i g h t l y  s e r i c i t i z e d .  Q uartz  o cc u rs  b o th  a s  b le b s  in c lu 

ded in  some o f th e  p la g io c la s e  g r a in s  and a s  l a r g e  d i s c r e t e  i n t e r s t i t i a l  

g ra in s  o f i r r e g u l a r  shape .

B i o t i t e  l a t h s  a re  a n h e d ra l t o  s u b h e d ra l ,  and a re  som etim es q u i te  

broad  compared w ith  t h e i r  le n g th .  They o f te n  have a  rag g ed  ap p ea ran ce , 

and some a re  p o i k i l i t i c ,  o c c a s io n a l ly  c o n ta in in g  v e rm ic u la r  in c lu s io n s  

o f q u a r tz ,  and th e y  o ccu r in  a g g re g a te s  i n  which in d iv id u a l  l a t h s  a re  

random ly o r ie n ta te d .  These a g g re g a te s  a re  p o s i t io n e d  a lo n g  th e  b o u n d a rie s  

o f th e  l a r g e  f e l s i c  c r y s t a l s .  M uscov ite  a l s o  o c c a s io n a l ly  o c c u rs , u s u a l ly  

in  a s s o c ia t io n  w ith  th e  b i o t i t e .

The g a rn e ts  a r e  c o lo u r le s s ,  and a re  i r r e g u l a r l y  d is s e m in a te d  

th ro u g h o u t th e  ro ck .. They a re  a n h e d ra l and e n c lo se  g r a in s  o f  q u a r tz ,  

p la g io c la s e ,  and b i o t i t e ,  a lth o u g h  some g a r n e ts  a re  en c lo se d  w ith in  

la rg e  b i o t i t e  and o th e r s  ap p e a r  t o  be in te rg ro w n  w ith  b i o t i t e .  I n  a  few 

o ases , a  c l e a r  zone o f  an  in d e te rm in a te  m in e ra l ,  p o s s ib ly  q u a r tz ,  o ccu rs  

between th e  two m in e ra ls ,  w hich ap p ear t o  be u n s ta b le  to g e th e r .  I t  

a p p e a r s  t h a t  th e  g a rn e ts  a re  a l t e r i n g  t o  some o f th e  la r g e  b i o t i t e s ,  

which a re  c l e a r l y  l a t e .

These d iorites do not contain small xenoliths, but in the f ie ld
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a re  g e n e r a l ly  c lo s e ly  a s s o c ia te d  w ith  m e tased im en ta ry  r a f t s .  They on ly  

occur in  o r n e a r  th e  a r e a  w here r a f t s  a re  seen  a t  th e  s u r f a c e ,  and co u ld  

w e ll be in t im a te ly  a s s o c ia te d  w ith  them b e n e a th  th e  p r e s e n t  e ro s io n  

s u r f a c e .  I t  i s  su g g e s ted  t h a t  th e  fo rm a tio n  o f  sp o ra d ic  g a rn e ts  in  th e s e  

d i o r i t e s  i s  a  r e s u l t  o f  s l i g h t  c o n ta m in a tio n  o f th e  q u a r t z - d i o r i t e  by 

m e tased im en ta ry  m a te r ia l  a s  th e  magma ro s e  t o  i t s  p r e s e n t  p o s i t io n  (se e  

p. 269 ) .

A ccesso ry  m in e ra ls  i n  th e s e  d i o r i t e s  in c lu d e  a p a t i t e ,  o c c a s io n a l 

i r r e g u l a r  sp h e n e s , f re q u e n t  z ir c o n s  w hich commonly cau se  th e  fo rm a tio n  

of p le o c h ro ic  h a lo e s  in  th e  b i o t i t e s ,  and o re . T h is  l a t t e r  in c lu d e s  

i lm e n i te ,  and p y r r h o t i t e  which i s  h ig h ly  a l t e r e d  to  g o e th i t e .

G a rn e t-p o o r Q u a r tz - d io r i t e  

G en era l

T h is  c o a r s e -g ra in e d  q u a r t z - d i o r i t e  a l s o  te n d s  t o  be m o n zo n itic  

(Table 6 ) ,  and h a s  a  p o r p h y r i t ic  xenom orphic t e x tu r e  ( P la te  1 7 7 ). G ra in  

b o u n d aries  a re  som etim es s u tu re d ,  a  phenomenon t h a t  su g g e s ts  t h a t  s l i g h t  

re h e a tin g  may have ta k e n  p la c e .  O c c a s io n a lly  th e r e  i s  a  ten d en cy  f o r  th e  

p h en o cry sts  t o  have a  p r e f e r r e d  o r i e n ta t i o n .

P o ta sh  f e ld s p a r  and p la g io c la s e  (An^Q_^^) b o th  occu r a s  p h e n o c ry s ts . 

The p la g io c la s e  p h e n o c ry s ts  a re  g e n e r a l ly  f r e e  from  in c lu s io n s ,  b u t th e  

po tash  f e ld s p a r  i s  p e r t h i t i c ,  and c o n ta in s  q u a r tz  in c lu s io n s .

Quartz occurs in te r s t i t ia l ly ,  but a lso  as large irregular grains 

which do not usually show any signs of strain .

Micas, principally  b io t ite , generally l i e  along grain boundaries.



MODAL. ANALYSES

TABLE 6

OF GAB1%ET-P00E QÜART2-DI0RITES

M in era l 38/52A 38/560 48/8B 48/29B^ 03/150-

P la g io c la s e 2 0 .55 2 0 .3 4 7 .7 2 32.79 39 .10

K -fe ld s p a r 4 5 .3 2 3 7 .6 4 7 2 .4 6 46 .79 3 3 .10

Q uartz 22 .79 28 .05 6 .9 7 2 .1 3 9 .3 6

M yrmekite 1 .1 4 — 0 .6 9 - -

B io t i t e 9 .2 9 7 .3 5 10 .29 17 .6 9 16 .0 5

M uscovite 0 .1 5 1 .4 0 0.46 - 2 .2 0

G arnet - 1 .2 1 0 .4 4 - -

Amphibole 0 .1 5 - - - -

Ore 0 .2 0 0 .7 9 0 .1 1 1*02 0 .0 8

A p a ti te 0 .3 0 - - - -

Z ircon 0 .1 0 0 .2 4 0 .2 0 0 .17 0 .3 2

Sphene - 2 .9 7 - - —

R u ti te - - 0 .3 3 - -

99 .9 9 9 9 .99 99 .67 100 .08 100 .21

1: Modal analysis carried out by macro point counting techniques

see Appendix*



4

P la te  177# T e x tu re  o f  c o a rse  g a rn e t-p o o r  q u a r tz -  
d i o r i t e .  X -P l. X 2 3 .
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o r form  a g g re g a te s  o f r a n d o m ly -o r ie n ta te d  l a t h s  betw een th e  l a r g e  f e l s i c  

g r a in s .  Q u artz  o ccu rs  i n t e r s t i t i a l l y  betw een th e  l a t h s .  R u t i le  and 

z irc o n  a re  f a i r l y  common a c c e s s o r ie s  in  th e s e  b i o t i t e  a g g re g a te s .

G arn e t r a r e l y  o c c u rs , b u t when i t  d o es , i t  i s  c o lo u r le s s  and form s 

sm all i r r e g u l a r  g r a in s .  Some a re  a l t e r i n g  t o  l a t h - l i k e  n e e d le s  o r f ib r o u s  

sh e a fs  o f m u sc o v ite , w hich, i n  t u r n ,  a re  a l t e r i n g  to  b i o t i t e .

T here i s  o n ly  a l i t t l e  o re ,  and t h i s  i s  p r in c ip a l l y  g o e th i t e ,  which 

form s i n t e r s t i t i a l  g r a in s .  Remnants o f  p y r r h o t i t e  u s u a l ly  occur w ith in  

th e  g o e th i t e ,  and th e  l a t t e r  i s  c l e a r l y  an  a l t e r a t i o n  p ro d u c t o f  th e  

fo rm er. A l i t t l e  i lm e n i te  a l s o  som etim es o c c u rs .

X e n o lith s

Some o f th e s e  d i o r i t e  s h e e ts  c o n ta in  x e n o l i th ic  b lo c k s  o f m e ta se d i

m entary m a te r ia l  w hich a r e  u s u a l ly  f a i r l y  a n g u la r  and a re  n o t  b e in g  

m arkedly a s s im i la te d  by th e  d i o r i t e .

S e m i-p e l i t ic  X e n o lith s

In  t h e s e ,  a  r e l i c t  s c h i s t o s i t y  i s  p re se rv e d  by bands r i c h  in  b i o t i t e  

which s t i l l  te n d  t o  r e t a i n  t h e i r  p r e f e r r e d  o r i e n t a t i o n .  The b i o t i t e  

la th s  a r e ,  how ever, p a r t l y  r e o r i e n t a t e d  in to  a  d e c u s sa te  p a t t e r n  w ith  

g ra in s  o f q u a r tz  and an d e s in e  (An^^) t o  form  a  g ra n u la r  h o r n f e l s ic  

te x tu re .

B io t i t e s  a r e  g e n e r a l ly  d i f f u s e ,  and a re  o v e rp r in te d  by sm all k y a n i te  

prism s, w hich have n o t b roken  down d u r in g  th e rm a l m etam orphism . Some o f 

the k y a n ite s  a re  tw in n ed , w ith  (lOO) a s  th e  co m p o sitio n  p la n e .
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Sm all c o lo u r le s s  a l l o t r i o b l a s t i c  g a r n e ts ,  w hich som etim es occu r 

in  a g g re g a te s ,  overgrow  b o th  th e  b i o t i t e s  and th e  k y a n i te s ,  and c o n ta in  

numerous in c lu s io n s  o f b o th  th e s e  and q u a r tz .

These s e m i- p e l i t e s  v e ry  o c c a s io n a l ly  c o n ta in  g r a in s  o f a  tu rq u o is e  

s c h o r l i t e  v a r i e t y  o f to u rm a lin e .

G a l c - s i l i c a t e  H o rn fe ls  X e n o lith s

These have a  f in e - g r a in e d  g ra n u la r  h o r n f e l s i c  t e x t u r e ,  c o n s is t in g  

m ain ly  o f  ra n d o m ly -o r ie n ta te d  l a t h s  o f t r e m o l i t e - a c t i n o l i t e . T h is  

am phibole h as th e  fo llo w in g  p le o c h ro ic  scheme :

X p a le  b u f f  

I  p a le  g ree n  

Z p a le  g ree n

I t  i s  p o i k i l o b l a s t i c  and c o n ta in s  in c lu s io n s  o f q u a r tz ,  and in  some 

bands rounded  d io p s id e  g r a in s .

Sm all d i f f u s e  b i o t i t e  l a t h s  a re  in  th e  p ro c e s s  o f a l t e r in g  to  

t r e m o l i t e - a c t i n o l i t e •

Fe ld s o a th iz a t io n  

As d e s c r ib e d  in  th e  f i e l d  a c c o u n t, th e s e  q u a r t z - d i o r i t e s  have a 

coarse f e ld s p a th i z a t io n  a s s o c ia te d  w ith  them , and i n  p la c e s  a g r a d a t io n  

between t h i s  f e ld s p a th i z a t io n  and th e  d i o r i t e s  i s  a p p a re n t.  The f e l d s 

p a th iz a t io n  a f f e c t s  b o th  H u s f jo rd  m etagabbro and m etased im en ts .
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M etagabbro

The H u s f jo rd  m etagabbro  which h as  been  f e ld s p a th iz e d  c o n ta in s  

a l l o t r i o b l a s t i c  p o rp h y ro b la s ts  o f  p e r t h i t i c  p o ta sh  f e ld s p a r ,  some o f 

w hich e n c lo se  q u a r tz  g r a in s . They a re  rimmed by m yrm ekite hav in g  f ro n d -  

lilc e  q u a r tz  v e rm ic u le s ,  o r  by f in e - g r a in e d  m osaics o f  p la g io c la s e  and 

q u a r tz .  The p e r t h i t e  p o rp h y ro b la s ts  a p p ea r  to  have been  s l i g h t l y  r e 

c r y s t a l l i z e d  a t  t h e i r  m arg in s , i n d ic a t in g  a s l i g h t  r e h e a t in g .  The 

f e ld s p a r  i s  o f te n  c lo u d y  and h as been  s e r i c i t i z e d .

P la g io c la s e  som etim es form s f a i r l y  l a r g e  c r y s t a l s ,  b u t i t  h as  

g e n e r a l ly  r e c r y s t a l l i z e d  t o  a  p o ly g o n a l m osaic h av in g  a co m p o sitio n  o f 

about An^^.

The m afic  m in e ra ls  o f th e  m etagabbro now c o n s i s t  o f g reen  a c t i n o l i t e  

and b i o t i t e ,  th e  l a t t e r  som etim es e n c lo s in g  th e  fo rm e r. These m afic  

m in e ra ls  o ccu r in  lo n g  a g g re g a te s  betw een th e  p o rp h y ro b la s ts .  The 

b i o t i t e s  form  f re s h - lo o k in g  l a t h s  which a re  random ly o r ie n ta te d  w i th in  

th e  a g g re g a te s ,  and w hich a re  som etim es la r g e  and p o i k i l o b l a s t i c .  I n t e r 

s t i t i a l  q u a r tz  and f e ld s p a r  o ccu r betw een th e  b i o t i t e  l a t h s ,  and some 

of th e  b i o t i t e s  a re  a l t e r e d  t o  f ib r o u s  c h l o r i t e  a lo n g  c leav ag e  p la n e s .

An ex p an sio n  in  volume seems t o  ta k e  p la c e  d u r in g  t h i s  change s in c e  th e  

b i o t i t e  h as  been  buck led  a round  th e  grow ing c h l o r i t e .

P e l i t i c  R a f ts  i n  M etagabbro

F e ld s p a th iz e d  p e l i t i c  r a f t s  a l s o  c o n ta in  a l l o t r i o b l a s t i c  p o ta sh  

fe ld sp a r  p o rp h y ro b la s ts ,  w hich e n c lo se  q u a r tz  c r y s t a l s .  These m eg ac ry sts  

o ften  have a l i t t l e  m yrm ekite a lo n g  t h e i r  m arg in s , and th e y  have been
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s l i g h t l y  s e r i c i t i z e d .  P la g io c la s e  c r y s t a l s ,  how ever, have been  more 

e x te n s iv e ly  a l t e r e d  to  s e r i c i t e  and m u sc o v ite , and a re  v e ry  c lo u d y .

Q u artz  i s  common, e i t h e r  i n t e r s t i t i a l l y  o r a s  l a r g e  i r r e g u l a r  g r a in s ,  

and th e y  do n o t e x h ib i t  any u n d u lo se  e x t in c t io n .

M icas, p r in c ip a l l y  b i o t i t e ,  l i e  a lo n g  g r a in  b o u n d a r ie s  and form  

a g g re g a te s  betw een th e  m e g a c ry s ts . T here a re  o c c a s io n a l frag m e n ta ry  g a r

n e ts  w hich a r e  c rac k ed  and b e g in n in g  t o  a l t e r  to  an  in d e te rm in a te  b i r é 

f r in g e n t  m in e ra l ,  p o s s ib ly  m ica , a lo n g  c ra c k s .

Sphene i s  f a i r l y  common in  th e s e  ro c k s .  In  one c a s e ,  some v e ry  

la r g e  sphenes have a l t e r e d  t o  a brown opaque m in e ra l w hich i s  cream y- 

w h ite  u n d er r e f l e c t e d  l i g h t ,  and i s  m ost p ro b ab ly  le u c o x e n e . Sometimes 

th e  sphenes have been  co m p le te ly  pseudoraorphed, t h e i r  c h a r a c t e r i s t i c  

lozenge shapes b e in g  r e t a in e d ,  b u t g e n e r a l ly ,  a  few  r e l i c t s  o f sphene 

rem ain ( P la te  1 7 8 ). The sphenes e v id e n t ly  were tw in n ed , f o r  p a r t in g s  

a re  r e f l e c t e d  a c ro s s  a m edian tw in  co m p o sitio n  p la n e  g iv in g  a  h e rrin g b o n e  

p a t te r n  ( P la te  179)# T h is  a l t e r a t i o n  i s  p o s s ib ly  a s s o c ia te d  w ith  th e  

f e ld s p a th iz a t io n *



P la te  1 7 8 . Sphene pseudom orphed by le u c o x e n e . G a rn e t-  
poo r q u a r tz - d i o r i t e .  P .P .L . X 8 3 .

P la te  1 7 9 . Twinned sphene b e in g  pseudomorphed by 
le u c o x e n e . G a rn e t-p o o r  q u a r t z - d i o r i t e .  P .P .L . X I 7 0 .



218

KCMAGFJORD DIORITE

G en era l

T h is  d i o r i t e  h as  a  m ed ium -grained , n o n - p o rp h y r i t ic ,  xenom orphic 

t e x t u r e ,  and c o n ta in s  b o th  o rth o p y ro x en e  and c lin o p y ro x e n e  (T ab le  ? ) •  

The o rth o p y ro x en e  i s  h y p e rs th e n e , which som etim es c o n ta in s  a l i t t l e  

v e rm ic u la r  o re ,  and th e  c lin o p y ro x e n e  i s  d io p s id ic  a u g i te  w hich i s  

b eg in n in g  to  a l t e r  t o  g reen  h o rn b le n d e , m ain ly  a t  th e  m arg in s . There 

a re  a l s o  some d i s c r e t e  h o rn b len d e  c r y s t a l s .

The o n ly  f e ld s p a r  i s  p la g io c la s e ,  w hich i s  an d e s in e  ra n g in g  up to  

An^Q. B i o t i t e  form s l a t h s  w hich have a r a t h e r  rag g ed  a p p e a ran ce , and 

a re  o f te n  d i f f u s e .

Ores c o n s i s t  o f i lm e n i te ,  m a g n e ti te ,  and p y r r h o t i t e .  The i lm e n i te  

and m a g n e tite  b o th  form  rounded  g r a in s ,  and a l s o  i r r e g u l a r  b ran ch in g  

g ra in s  w hich p e n e t r a te  s l i g h t l y  in to  c ra c k s  in  th e  gangue m in e ra ls .  

I lm e n ite  a l s o  form s a g g re g a te s  o f  sm all b le b s ,  and m a g n e tite  o ccu rs  a s  

f in e  la m e lla e  i n  p y ro x en es . P y r r h o t i t e  i s  n o t common, and i s  a l t e r e d  

a t  th e  m arg ins t o  g o e th i te .

X e n o lith s

Sm all e lo n g a te  x e n o l i th s  a re  a  c h a r a c t e r i s t i c  f e a tu r e  o f t h i s  

d i o r i t e ,  and th e s e  a re  b o th  d a rk -w e a th e rin g  and l ig h t-w e a th e r in g *  The 

form er in c lu d e  a m p h ib o lite s  and b a s ic  pyroxene h o m f e ls e s ,  and th e  

l a t t e r  c o n s is t  o f  more f e l s i c  pyroxene h o m f e ls e s .



TABLE 7

MODAL ANALYSES OF KOMAGFJORD DIORITE

M in e ra l l l /Z 7  F

P la g io c la s e 77*43

H y p ersth en e 4 .4 3

C linopyroxene 5 .4 3

B i o t i t e 4 .6 0

Ore 7 .0 0

H ornblende 0 .8 0

A p a t i te 0 .4 3

100 .12
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A m phibo lite  X e n o lith s

These a re  p o r p h y r i t i c ,  b u t have a v e ry  f in e - g r a in e d  m a tr ix  in  w hich 

th e r e  a re  r e l i c s  o f a  s u b o p h it ic  te x tu re . .  They ap p ear t o  r e p r e s e n t  

f rag m en ts  o f dyke m a te r ia l .  The am phibole i s  a  g reen ish -b ro w n  h o rn b len d e  

w ith  th e  fo llo w in g  p le o c h ro ism :

X g re e n is h -y e l lo w  

Y deep g reen ish -b ro w n  

Z deep g reen ish -b ro w n  

The p la g io c la s e  p h e n o c ry s ts  have now r e c r y s t a l l i z e d ,  and some a re  

zoned w ith  l e s s  c a lc i c  m a rg in s . Sm all in c lu s io n s  o f am phibole in  th e  

p h e n o c ry s ts  in d ic a te  t h a t  th e  l a t t e r  m ust have r e c r y s t a l l i z e d  a t  a  

r e l a t i v e l y  l a t e  s ta g e .

B asic Pyroxene H o rn fe ls  X e n o lith s

These c o n s i s t  o f  p la g io c la s e  d io p s id e ,  h y p e rs th e n e , and o re ,  and 

th e se  m in e ra ls  form  a  f in e - g r a in e d  g r a n o b la s t ic  h o r n f e l s i c  t e x tu r e .  A 

few ragged  b i o t i t e  l a t h s  ap p ea r t o  be l a t e r  th a n  th e  h o r n fe ls in g .

F e ls ic  Pyroxene H o rn fe ls  X e n o lith s

These have a  s l i g h t l y  h ig h e r  f e ld s p a r  c o n te n t th a n  th e  b a s ic  p y ro 

xene h o m f e ls e s ,  and b o th  p la g io c la s e  and K -fe ld s p a r  a r e  p r e s e n t .

Hyper s th e n e  i s  th e  p redom inan t p y ro x en e , a lth o u g h  a  few d io p s id e  

g ra in s  do o cc u r . The pyroxenes and o re  form  a  g r a n o b la s t ic  t e x tu r e  

w ith th e  f e ld s p a r s .
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M inor I n t r u s io n s  

B es id es  th e  p e r t h o s i t e s ,  w hich w i l l  be d is c u s s e d  s e p a r a te ly ,  th e  

x e n o l i th ic  K oraagfjord d i o r i t e  h as  been  in tru d e d  by a number o f sm all 

m inor in t r u s io n s .  These in c lu d e  g re y -c o lo u re d  b a s ic  d i o r i t e s ,  g reen  

p o r p h y r i t i c  a m p h ib o li te s ,  and a h y p e rs th e n e -b e a r in g  a m p h ib e li te .

B asic  D io r i t e

T h is  i s  f a i r l y  f in e - g r a in e d ,  and som etim es shows a  s l i g h t  f lu x io n  

s t r u c tu r e .  A good r e l i c t  s u b o p h it ic  t e x tu r e  i s  g e n e r a l ly  p re se rv e d  

in  w hich p la g io c la s e  i s  in  th e  b a s ic  a n d es in e  ran g e  An^^_^Q.

The p redom inan t pyroxene i s  c lin o p y ro x e n e , b u t some g ra in s  of 

hyper s th en e  a l s o  o c c u r . The c lin o p y ro x e n e  i s  c o lo u r le s s  a u g ite  w hich 

i s  be in g  a l t e r e d  t o  g reen  h o rn b le n d e .

The o re s  in  t h i s  ro ck  in c lu d e  p y r rh o t i t e ,  c h a lc o p y r i te ,  and i lm e n i te .  

P y r rh o t i te  and c h a lc o p y r i te  a re  c lo s e ly  a s s o c ia te d  w ith  one a n o th e r , 

and th e  t e x tu r e s  su g g e s t t h a t  t h i s  a s s o c ia t io n  i s  p ro b a b ly  an e x s o lu t io n  

phenomenon. The p y r r h o t i t e  i s  a l t e r i n g  t o  g o e th i t e ,  an  a l t e r a t i o n  w hich 

does n o t a f f e c t  th e  c h a lc o p y r i te .  G o e th ite  commonly p e n e t r a te s  th e  b a s a l  

c leav ag es  o f th e  p l a ty  p y r r h o t i t e ,  b u t can n o t p e n e tr a te  th e  more m assive 

c h a lc o p y r ite  in  t h i s  way. I lm e n i te  i s  c l e a r l y  l a t e  a s  i t  form s i r r e g u l a r  

g ra in s  which e n c lo se  th e  c h a lc o p y r i t e - p y r r h o t i t e - g o e th i t e  com plexes.

Eornhvri t i c  A m p h ib o lite

T h is  g re e n -c o lo u re d  a m p h ib o lite  h as  a  r e l i c t  s u b o p h it ic  t e x tu r e  in  

which p la g io c la s e  h a s  r e c r y s t a l l i z e d  t o  b a s ic  an d es in e  An^^, and commonly
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h a s  a c lo u d y  c o re .  P la g io c la s e  a l s o  form s th e  p h e n o c ry s ts .

The o n ly  pyroxene i s  d io p s id ic  c l in o p y ro x e n e , w hich i s  a l t e r i n g  to  

g re en  h o rn b le n d e , m ain ly  around  i t s  m a rg in s .

H y p e rs th e n e -b e a r in g  A m phibo lite

T here i s  on ly  one o cc u rre n c e  of t h i s  a m p h ib o li te ,  in  w hich i t  form s 

a s ig m o id a l-sh a p e d  dyke. I t  c o n ta in s  b o th  h y p e rs th e n e  and a u g i t e ,  and 

th e  p y ro x en e s , e s p e c ia l ly  a u g i t e ,  a re  a l t e r i n g  t o  g re en  h o rn b le n d e .

There a re  a  few  l a t e  b i o t i t e s ,  and p la g io c la s e  i s  g e n e r a l ly  v e ry  d i f 

fu s e ly  tw in n ed .
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KOBBERFJORD NORITE

G en era l

T h is  ro ck  i s  a p y ro x e n e -m ic a -o r th o n o r ite  in  w hich h y p e rs th e n e  i s  

th e  o n ly  pyroxene (T ab le  8 ) .  O c c a s io n a lly , th e  h y p e rs th e n e s  form a s l i g h t  

f lu x io n  s t r u c t u r e ,  b u t g e n e r a l ly  a  m ed ium -grained , n o n - o r ie n ta te d ,  xeno- 

m orphic t e x tu r e  i s  fo rm ed. In  p la c e s  th e r e  i s  a  ten d en cy  tow ards a  sub

o p h i t ic  t e x t u r e ,  and g r a in s  o f te n  have i r r e g u l a r  m arg in s .

P la g io c la s e  i s  b a s ic  l a b r a d o r i t e  ap p ro x im a te ly  An^^ in  c o m p o s itio n . 

Tw inning i s  u s u a l ly  com plex and o f te n  d i f f u s e ,  and some c r y s t a l s  a re  

b e n t. H y p ersth en e  i s  n o t e n c lo se d  by p la g io c la s e ,  b u t o ccu rs  a lo n g  th e  

p la g io c la s e  g r a in  b o u n d a r ie s , and som etim es p la g io c la s e  i s  e n c lo se d  

w ith in  h y p e r s th e n e , su g g e s tin g  t h a t  th e  h y p er s th e n e  in  g e n e ra l  form ed 

l a t e r  th a n  th e  p la g io c la s e .  The p la g io c la s e  h a s  a h ig h  ca lc iu m  c o n te n t ,  

and i t  i s  p ro b a b le  t h a t  th e  p la g io c la s e ,  w hich was f i r s t  t o  fo rm , ex

h au ste d  m ost o f  th e  ca lc iu m  in  th e  magma so t h a t  a  ca lc iu m -p o o r o r th o 

pyroxene was form ed l a t e r .

The h y p e rs th e n e  c r y s t a l s  a re  a n h e d ra l ,  and in c lu s io n s  o f p la g io c la s e ,  

o re , and a p a t i t e  a re  f a i r l y  common. They a re  f a i r l y  s tro n g ly  p le o c h ro ic  

from b u f f  t o  s l a t y  g re e n . Some a r e  c ra c k ed  and b e n t ,  and s e v e ra l  a r e  

i r o n - s ta in e d .

B io t i t e  l a t h s  a re  rag g ed  and f r e q u e n t ly  b e n t ,  and i n  p la c e s  th e y  

are  a p p a re n tly  grow ing a t  th e  expense o f hyper s th e n e . I n  th e s e  c a s e s ,  

th e re  i s  u s u a l ly  a narrow  zone o f q u a r tz  betw een th e  two m in e ra ls ,  and 

®any b i o t i t e s  c o n ta in  v e rm ic u la r  q u a r tz  in c lu s io n s  ( P la te  1 8 0 ).

Occasionally a l i t t l e  greenish hornblende fringes hypersthene and



TABLE 8

i'i■IGDAL AKALYSSS OF KOBBERFJORD HORITE

M in era i 60/A7F 60/A7G 60/47H 3 6 /lA

P la g io c la s e 51.A3 3 7 .2 4 6 5 .3 3 5 8 .16

H ypersthene 1 6 .5 3 2 0 .6 4 2 1 .00 3 .9 0

G arnet 1 9 .6 0 2 9 .4 2 0 .3 3 2 1 .7 3

B io t i t e 3 .3 3 3 .4 2 5 .6 3 1 0 .7 0

Ore ^ 6 0 5 .3 2 3 .6 0 2 .9 6

Am jliibole 2 .8 0 3 .0 4 2 .5 3 2 .0 6

A p a tite 0 .8 0 0 .6 4 1 .0 0 0 .3 6

Z ircon — — — 0 .1 3

99 .09 9 9 .7 2 9 9 .3 2 1 00 .00



P la te  180 . H y p ersth en e  a l t e r i n g  to  b i o t i t e  c o n ta in in g  
q u a r tz  v e rm ic u le s . K o b b e rfjo rd  n o r i t e .  P .P .L . X 8 5 •
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i s  fo rm ing  from  i t .  T h is  h o rn b len d e  commonly h as a  tu rq u o is e  c o lo u r ,  

in d ic a t in g  th e  p re se n c e  o f soda.

A ccesso ry  m in e ra ls  in c lu d e  a p a t i t e ,  w hich o f te n  form s l a r g e  g r a in s ,  

and o r e ,  th e  l a t t e r  in c lu d in g  i lm e n i te ,  m a g n e ti te ,  p y r r h o t i t e ,  and p y r i t e .  

I lm e n ite  and m a g n e tite  form  rounded  a n h e d ra l g ra in s  o f v a r io u s  s i z e s ,  

som etim es in  a g g re g a te s  o f  b le b s .  P y r r h o t i t e  i s  som etim es en c lo se d  

w ith in  m a g n e ti te ,  b u t when i t  i s  n o t ,  i t  i s  u s u a l ly  su rro u n d ed  by h a lo e s  

o f g o e th i te  t o  w hich i t  i s  a l t e r i n g .  A l t e r a t io n  ta k e s  p la c e  by th e  

g o e th i te  f e a th e r in g  a lo n g  c le a v a g e s . A few  p y r i t e  g r a in s  o c c u r , gene

r a l l y  c o n ta in e d  w ith in  p y r r h o t i t e .

X e n o lith s

The x e n o l i th s  in  th e  K obberf j  o rd  n o r i t e  v a ry  i n  s iz e  from sm a ll 

r a f t s  down t o  sm all p a r t ly - a s s im i l a t e d  in c lu s io n s .

Psammitic and P o l i t i c  X e n o lith s

The psam m itic  x e n o l i th s  c o n s i s t  m ain ly  o f q u a r tz  g r a in s  w hich, 

to g e th e r  w ith  a  few  p la g io c la s e  g r a in s ,  form  a  f in e - g r a in e d  m osaic . A 

r e l i c t  g n e is s ic  t e x tu r e  i s  p re se rv e d  by bands c o n ta in in g  b i o t i t e ,  g a r n e t ,  

o re , k y a n i te ,  s i l l i m a n i t e ,  and r u t i l e  g r a in s .  B i o t i t e  i s  d i f f u s e  and 

a l te r in g  to  s i l l i m a n i t e  p r ism s , and k y a n i te  i s  a l s o  a l t e r i n g  t o  s i l l i 

m anite. F an -sh ap ed  a g g re g a te s  o f f i b r o l i t i c  n e e d le s  n u c le a te  from  sm all 

g a rn e ts .

In  th e  p e l i t e s ,  a  r e l i c t  s c h i s t o s i t y  i s  sometim es p r e s e n t ,  b u t 

g e n e ra lly  a p o ly g o n a l-g ra in e d  h o r n f e l s i c  t e x tu r e  i s  e v id e n t .  The
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p o ly g o n a l m osaic i s  form ed by p la g io c la s e ,  som etim es w ith  q u a r tz ,  and 

ev id en ce  o f s t r a i n  i s  common. D if fu se  b i o t i t e s  and c ra c k e d , b u f f -  

c o lo u re d  g a rn e ts  c o n s t i t u t e  th e  m afic  m in e ra ls .

Sometimes th e  p e l i t e s  c o n ta in  c o n s id e ra b le  am ounts o f g reen  s p in e l ,  

o f te n  o c c u r r in g  in  a g g re g a te s ,  and in  one ca se  accom panied by a  few  g ra in s  

o f corundum. In  t h i s  l a t t e r  c a s e ,  many o f th e  s p in e l s  have co ro n as  o f 

g ra n u la r  corundum , and a l s o  o f an in d e te rm in a te  s y m p le c t i te  ( P la te  1 8 1 ) . 

T h is  s y m p le c t i te  c o n s is t s  o f two i n t e r  grown m in e ra ls ;  one i s  c o lo u r le s s  

and th e  o th e r  i s  p a le  g re e n . B ire f r in g e n c e  i s  n o t u n ifo rm  and th e  v a r i a 

t io n s  do n o t  c o in c id e  w ith  th e  s t r u c tu r e s  o f th e  s y m p le c t i te .  I n  g e n e ra l  

i t  i s  i s o t r o p i c ,  b u t  th e r e  a re  a l s o  some i r r e g u l a r  s l i g h t l y  b i r é f r i n g e n t  

p a tc h e s ; i t  may be an i n t e r  grow th of s p in e l  and corundum»

The m arg in s o f  th e  p e l i t e s  a re  o f te n  d i f f u s e ,  and ap p ear t o  be 

g ra d a t io n a l  i n to  th e  n o r i t e .  The g r a in - s i z e  in c r e a s e s  i r r e g u l a r l y  to w ard s  

th e  c o n ta c t ,  so t h a t  a  c o a r s e -g ra in e d  m osaic c o n ta in in g  in c lu s io n s  o f 

s p in e l-b e a r in g  f in e - g r a in e d  m o sa ics  r e s u l t s .  At th e  c o n ta c t ,  many 

h y p e rs th en es  i n  th e  n o r i t e  a re  rimmed by g a r n e t .  T h is  co rona developm ent 

which i s  c h a r a c t e r i s t i c  o f th e  n o r i t e  in  th e  neighbourhood  o f m e ta se d i-  

m entary in c lu s io n s  i s  d is c u s s e d  below  un d er a  s e p a ra te  h ead in g .

Basic H o rn fe ls  X e n o lith s

These a re  f in e - g r a in e d  g r a n o b la s t ic  pyroxene h o r n f e l s e s ,  c o n s is t in g  

e s s e n t i a l ly  o f h y p e rs th e n e  and p la g io c la s e .  In  some c a s e s ,  h y p e rs th e n e  

is  s l i g h t l y  a l t e r e d  t o  g re e n  h o rn b le n d e , and s t r i n g - l i k e  a g g re g a te s  of

^W ersthene  and h o rn b len d e  occur a lo n g  th e  f e l s i c  m osaic g r a in  b o u n d a r ie s .
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P la te  1 8 1 . C oronas around  s p in e l  g ra in s*  
K o b b e rfjo rd  n o r i te *  PoP.L* X I 7 0 .

H ornfels in

P la te  182. Garnet enveloping hypersthene a t margin o f
h o rn fe ls  in  Kobberf j ord n o r ite .  P.P.L* X 95#



225

Ore o c c a s io n a l ly  form s rag g ed  l a t h s  in  a d e c u s sa te  p a t t e r n .

At th e  c o n ta c t  w ith  th e  n o r i t e ,  th e r e  i s  som etim es a  narrow  zone 

in  w hich h y p e rs th e n e  g r a in s  a re  en veloped  by g a rn e t  ( P la te  1 8 2 ). The 

h y p e rs th e n e s  in  th e  n o r i t e  n e x t t o  th e  x e n o l i th s  a re  a l s o  rimmed by g a rn e t ,  

and th e r e  a re  a l s o  a few d i s c r e t e  g a rn e t g r a in s ,  c o n ta in in g  many in c lu 

s io n s  o f q u a r tz ,  b i o t i t e ,  o re ,  and h y p e rs th e n e .

The developm ent o f  th e s e  g a rn e t  co ro n as  a p p e a rs  t o  be c lo s e ly  

a s s o c ia te d  w ith  th e  m e ta sed im en ta ry  x e n o l i th s ,  and a re  f u r th e r  d e s c r ib e d  

below .

Coronas

As in  th e  ca se  o f  th e  c o a rse  p y ro x e n e -m ic a -d io r i te s ,  com plex 

s y n a n te tic  t e x tu r e s  fo rm , a p p a re n t ly  a s s o c ia te d  w ith  a s s im i la te d  or 

p a r t ly  a s s im i la te d  m e tased im en ta ry  x e n o l i th s .  These s y n a n te t ic  m in e ra ls  

tak e  th e  form  o f  co ro n a s .

Some o re  g r a in s  have d a rk  g re en  h o rn b len d e  co ro n as  a g a in s t  p l a g io c la s e ,  

and o th e rs  have g a rn e t  c o ro n a s . S anetim es doub le  co ro n as  o ccu r, w ith  

g a rn e t on th e  o u ts id e  n ex t t o  th e  p la g io c la s e .  The r e le v a n t  r e a c t io n s  

were d is c u s s e d  on p . 208 ,

H ypersthene  i s  commonly rimmed by p a le  b u f f  g ra n u la r  g a r n e t ,  and 

th e re  i s  g e n e r a l ly  a  c l e a r  zone o f q u a r tz  betw een th e  two m in e ra ls  ( P la te s  

1S3 and 184.). These g a rn e t r im s aJ.so o ccu r where th e  h y p e rs th e n e  i s  

f r in g e d  by am ph ibo le . Where h y p e rs th e n e  h as  a l t e r e d  to  b i o t i t e - q u a r t z  

A ggregates, th e s e  a g g re g a te s  to g e th e r  w ith  r e l i c t  h y p e rs th e n e  a re  a l s o  

rimmed by g a rn e t  ( P la te  1 8 5 ). T h is  i n d ic a te s  t h a t  th e  fo rm a tio n  o f



P la te  1 8 3 . G arn et co ro n a  around  h y p e rs th e n e ; n o te  c l e a r  
zone o f  q u a r tz .  K obberf j  ord. n o r i t e .  P .P .L . X 25 .

P la te  l8 4 .  Garnet corona around hypersthene; note c lea r
zone o f  quartz. Kobberfjord n o r ite . P .P .L . X I 70.
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P la te  1 85 . G arn e t rim m ing h y p e r s th e n e - b io t i te - q n a r tz  
a g g re g a te .  K o b b e rfjo rd  n o r i t e .  P .P .L . X 8 5 .
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g a rn e t p o s t - d a te s  th e  a l t e r a t i o n  o f some o f th e  h y p e rs th e n e s  t o  b i o t i t e .

G arnet a l s o  rim s and overgrow s la r g e  b i o t i t e s  ( P la te s  186 and 1 8 7 ), 

and o c c a s io n a l ly  h y p id io b la s t i c  form s d ev e lo p . The g a r n e ts  a re  f u l l  

o f in c lu s io n s  o f b i o t i t e ,  from  w hich i t  i s  c l e a r l y  fo rm in g , o re , q u a r tz ,  

and a p a t i t e .  Sometimes th e  g a rn e t  h a s  a v e rm ic u la r  t e x tu r e  w ith  nume

ro u s  q u a r tz  v e rm ic u le s  w hich have been  in h e r i t e d  from  v e rm ic u la r  b i o t i t e s  

(P la te  188)• O c c a s io n a lly  where th e s e  b i o t i t e s  c o n ta in  l i n e s  o f q u a r tz  

in c lu s io n s  h av in g  a  f a n - l i k e  p a t t e r n ,  t h i s  f a n  shape i s  p re se rv e d  a s  a 

r e l i c t  s t r u c tu r e  by q u a r tz  in c lu s io n s  w ith in  th e  overgrow ing g a rn e t 

(P la te  1 8 9 ).

G arn e t co ro n as  around  o rth o p y ro x en e  in  n o r i t e s  have been r e p o r te d  

by s e v e ra l  p e o p le .

F riedm an (1955) has d e s c r ib e d  n o r i t e s  and o l iv in e - n o r i t e s  from  

O n ta rio . In  th e  ca se  o f th e  n o r i t e s ,  where pyroxene makes c o n ta c t  w ith  

p la g io c la s e  a  co ro n a  o f  g a rn e t  i s  form ed, w ith  a  rim  o f q u a r tz  betw een 

th e  g a rn e t and th e  pyroxene (a s  observed  in  th e  K o b b erfjo rd  n o r i t e ) .  

H ornblende i s  a l s o  l o c a l l y  b lu i s h  in  c o lo u r ,  l i k e  t h a t  in  th e  K obberf j  ord  

n o r i te .  F riedm an c o n s id e rs  t h a t  th e s e  f e a tu r e s  a re  m etam orphic in  

o r ig in .

G je lsv ik  (1952) d e s c r ib e d  com plex co ro n as  in  d o l e r i t e s  and o l iv in e -  

d o le r i te s  from  so u th e rn  Norway. A lthough th e s e  a re  d o l e r i t e s ,  th e y  

co n ta in  h y p e rs th e n e  which i s  rimmed by m u lt ip le  co ro n as  a g a in s t  p la g io 

c la se . These co ro n as  a re  more com plex th a n  th o se  in  th e  K o b b erfjo rd  

n o r i te ,  b u t  i t  i s  t o  be n o te d  t h a t  th e  ou te rm o st l a y e r  a g a in s t  th e  

p la g io c la se  i s  alw ays o f g a r n e t .  In  p la c e s ,  th e s e  ro c k s  a l s o  c o n ta in  a



P la te  186 . Garnet overgrowing b io t i t e .  
n o r ite .  P .P.L . X 17O.

Kobberfjord

P la te  187. Garnet overgrowing b io t i t e
n o r ite . P .P .L . X I 70 .

Kobberfjord
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P la te  1 8 8 . Vermicular garnet overgrowing verm icular 
b i o t i t e .  Kobberfjord n o r ite . P .P .L . X 8 5 .

P la te  1 8 9 # Fan-shaped quartz in c lu s io n s  in h er ited  from 
verm icular b i o t i t e .  Kobberfjord n o r ite . P .P .L . X 8 5 .
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b lu is h - g re e n  am phibo le . W ith in c re a s e  in  m etam orphism , i t  was found 

t h a t  d i s c r e t e  g a rn e t  p o rp h y ro b la s ts  grew .

A ccord ing  t o  G je ls v ik ,  co ro n a  developm ent may ta k e  p la c e  b a s i c a l l y  

in  one o f  th r e e  ways:

(1) By l a t e  magmatic r e a c t io n s  betw een c r y s t a l s  and r e s id u a l  

l i q u i d

( 2 ) By post-m agm atic  (autom etarno rp h ie )  r e a c t io n s

( 3 ) By m etam orphic r e a c t io n s  ( c o n ta c t  o r r e g io n a l)

Gj e l s v i k  c o n s id e rs  t h a t  t h i s  k in d  o f co ro n a  co u ld  n o t form  by method 

(1 ) b ecau se  th e  s y n a n te t ic  m in e ra ls  a re  more m agnesia n  th a n  th e  o r ig in a l  

m in e ra ls .  N e ith e r  can  i t  be due t o  ( 2 ) s in c e  th e  p ro d u c ts  a re  n o t more 

hydrous th a n  th e  o r ig in a l  m in e ra ls .  G je ls v ik  th e r e f o r e  c o n s id e rs  t h a t  

th ey  m ust be due t o  m etam orphic r e a c t io n s .

A phenomenon v e ry  s i n i l a r  t o  t h a t  o c c u r r in g  in  th e  K obberf jo rd  

n o r i te  i s  d e s c r ib e d  by E n g e ls  and Vogel ( I 966 ) in  a  m e ta n o r ite  from  

S pain , in  w hich g a rn e t  r e a c t io n - r im s  d ev e lo p  betw een p la g io c la s e  and 

h y p e rs th e n e . The h y p e rs th e n e s  have f ra y e d  r im s and a re  su rro u n d ed  by 

two c o n c e n tr ic  r e a c t io n - r im s ;  th e  in n e r  i s  o f  l i g h t  b lu is h - g re e n  a c t i -  

n o l i t i c  h o rn b len d e  (o n ly  o c c a s io n a l ly  p r e s e n t  in  th e  K o b b erfjo rd  n o r i t e ) ,  

and th e  o u te r  rim  i s  o f  g a r n e t .  E nge ls  and Vogel b e l ie v e  t h a t  th e  

re a c t io n s  to o k  p la c e  d u r in g  m etam orphism , and t h a t  th e y  were p ro b a b ly  

as fo llo w s :

12 h y p e rs th e n e  + 4, a n o r th i t e  + 4- a l b i t e  + 4- w a te r

= k  h o rn b len d e  + 4- q u a r tz  =

5 g a rn e t + 4- a l b i t e  + 4- w a te r  + 4- q u a r tz
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In  th e  ca se  o f o l i v i n e - n o r i t e s  o r h y p e r i t e s ,  a s  in  th o se  d e s c r ib e d  

by R eynolds and F re d e r ic k s o n  (1 9 6 2 ), g a rn e t  r e a c t io n - r im s  form  around  th e  

o r th o p y ro x en e , w hich h a s ,  in  tu r n ,  form ed from  o l iv in e .  However, g a rn e t  

does n o t form u n t i l  a l l  th e  o l iv in e  h as  been  c o n v e r te d  t o  o rthopyroxene  

(B r/g g e r  1934.). R eynolds and F re d e r ic k s o n  b e l ie v e  t h a t  th e  re a so n  f o r  

t h i s  i s  t h a t  any a v a i l a b le  s i l i c a  i s  p r e f e r e n t i a l l y  u sed  in  th e  co n v e rs io n  

of o l iv in e  t o  o rth o p y ro x en e  a s  t h i s  i s  a s im ple  r e a c t io n .  When a l l  th e  

o l iv in e  h as  been  e x h a u s te d , th e  s i l i c a  may be u sed  in  th e  fo rm a tio n  o f 

g a rn e t ,  a  more com plex r e a c t io n .

From th e s e  ac c o u n ts  i t  i s  c l e a r  t h a t  g a rn e t  r e a c t io n  rim s betw een 

h y p e rs th en e  and p la g io c la s e  a re  f a i r l y  commonly d eveloped  un d er c o n d it io n s  

of m etam orphism .

I t  i s  deduced t h a t  th e  K o b b erfJo rd  n o r i t e  was em placed p r io r  t o  

a m etam orphic e v e n t w hich was a t  a  s u f f i c i e n t l y  h ig h  g rade  to  cau se  

the  fo rm a tio n  o f  g a rn e t .  T h is  i s  d is c u s s e d  f u r t h e r  on p .  250 .

C o n tac t Zone

Near th e  c o n ta c t  w ith  th e  m ig m a tite s  o f th e  c o u n try  ro c k s ,  l a r g e  

g arn et p o rp h y ro b la s ts  form in  th e  n o r i t e .  These a re  a l l o t r i o b l a s t i c  and 

b u ff-c o lo u re d , and m arkedly  c ra c k e d . L arge in c lu s io n s  o f  h y p e rs th e n e  

are common ( P la te  1 9 0 ) , and th e s e  a re  e x te n s iv e ly  a l t e r e d .  One k in d  

of a l t e r a t i o n  i s  t o  a  g re e n is h -y e llo w  s e rp e n t i n i t i e  s u b s ta n c e , m ain ly  

along c le a v a g e s ,  and th e  o th e r  k in d  i s  t o  a  ru s ty -b ro w n  l im o n i t ic  a l t e r a 

tio n  p ro d u c t. T h is  a l t e r a t i o n  o n ly  a f f e c t s  th o se  h y p e rs th e n e s  w hich a re  

enclosed w ith in  th e  g a r n e ts .  O th er in c lu s io n s  in  th e  g a rn e ts  a re  h o rn b le n d e .



P la te  1 9 0 . Hypersthene in c lu s io n s  in  garnet porphyro- 
b la s t .  KobberfJord n o r ite . P .P .L . X 25.

P la te  191 . Strained  and fragmented s i l l im a n ite .  H ornfels 
in  thermal aureole o f KobberfJord n o r ite . X -P l. X 8 5 .
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a p a t i t e ,  o re ,  and o c c a s io n a l ly  q u a r tz .

In  th e  c o n ta c t  zone i t s e l f ,  th e  ro ck  i s  p ro b a b ly  a  m ix tu re  o f 

n o r i t e  and m etased im en t, and th e r e  i s  c o n s id e ra b le  d e fo rm a tio n . Pods 

of q u a r tz  a g g re g a te s  a re  h ig h ly  s t r a in e d  and th e  g ra in  b o u n d a rie s  a re  

s u tu re d . P la g io c la s e  and b i o t i t e  a re  a l s o  m arkedly  s t r a in e d ,  and th e  

l a t t e r  have a 2V p r a c t i c a l l y  e q u a l to  z e ro . P la g io c la s e  h as a compo

s i t i o n  o f An^^, and form s la r g e  g ra in s  w ith  d i f f u s e  tw in n in g . Many of 

th e  c r y s t a l s  a re  deform ed and t h e i r  m arg in s  have som etim es r e c r y s t a l l i z e d .

T here i s  a  c o n s id e ra b le  amount o f  g a r n e t ,  w hich i s  g r e a t ly  c ra c k e d  

and i r o n - s t a in e d ,  and a l t e r i n g  t o  an in d e te rm in a te  b i r é f r i n g e n t  m in e ra l 

along c ra c k s .  A p a t i te  i s  q u i te  ab u n d an t, and i s  u s u a l ly  c o n ta in e d  w ith in  

b i o t i t e ,  b u t i t  i s  o c c a s io n a l ly  e n c lo se d  by o re .

The n o r i t e  h a s  caused  a  narrow  zone o f h o r n f e ls in g  to  form in  th e  

m igm atites  o f th e  c o u n try  ro c k s  a t  th e  c o n ta c t .  H e re , a  h o r n f e l s ic  t e x t u r e ,  

w ith  d e c u s sa te  b i o t i t e  l a t h s ,  i s  superim posed  upon th e  f o l i a t i o n ,  and 

sm all g reen  s p in e l s  form . The k y a n i te s  o f th e  se m i-p e l i t  e s  a l t e r  to  

s i l l im a n i t e s ,  some o f which a re  s e v e ra l  m i l l im e tr e s  in  le n g th .  These 

s i l l im a n i te s  a re  p o i k i l o b l a s t i c  and c o n ta in  in c lu s io n s  o f q u a r tz ,  f e l d s p a r ,  

o re , and s p in e l .  They a re  h ig h ly  s t r a in e d ,  and have p ro b ab ly  s u f f e re d  

crush ing  from  movement a lo n g  th e  c o n ta c t  d u r in g  th e  Fg d e fo rm a tio n . At 

th e i r  m arg ins th e y  a re  b roken  in to  sm all rounded fra g m e n ts  which a re  

enclosed w ith in  f e ld s p a r ,  b u t w hich r e t a i n  t h e i r  o p t i c a l  c o n t in u i ty  w ith  

the p a re n t g r a in  ( P la te  191 ) .

Garnet overprints the hornfelsic texture and appears to grow at the 

expense of b io t ite , s illim a n ite , and the remaining kyanite. This indicates
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t h a t  th e  th e rm a l metamorphism caused  by th e  n o r i t e  must have been  su p er

im posed upon th e  r e g io n a l  m etam orphic e v e n t ,  and t h a t  when th e  tem pera

tu r e  o f th e  h o r n fe ls in g  had dropped t o  t h a t  o f th e  r e g io n a l  m etam orphism , 

th e  g rad e  o f th e  l a t t e r  had  n o t f a l l e n  b en e a th  th e  g a rn e t  is o g ra d . As a  

r e s u l t ,  g a rn e t  re -fo rm e d  from  th e  s i l l i m a n i t e  which was produced d u rin g  

th e  h o r n f e ls in g .

I t  fo llo w s  from  t h i s  t h a t  th e  K o b b e rfjo rd  n o r i t e  was em placed b e fo re  

th e  g rad e  o f th e  r e g io n a l  m etam orphic ev e n t had  dropped b en ea th  th e  g a rn e t 

is o g ra d , and t h i s  co u ld  e x p la in  th e  p re se n c e  o f g a rn e ts  in  th e  n o r i t e .

The close association of garnet formation with assimilated metasedimentary 

xenoliths is  probably not a resu lt of d irect contamination, but rather 

due to the fact that the metasediments provide loca l sources of the 

excess aluminium needed for the formation of garnet during metamorphism. 

This is  an example of chemical m etastability (see p. 205) in the norite  

around the xenoliths which became stab ilized  during metamorphism.
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VATNA GABBRQ

G enera l

T h is  gabbro  h as  a f in e - g r a in e d  n o n - p o rp h y r i t ic ,  xenom orphic t e x tu r e  

( P la te  192 ) ;  a  s u b o p h itic  t e x tu r e  i s  n o t d ev e lo p ed . The p r in c ip a l  m afic  

m in e ra l i s  p a le  g r e e n is h - b u f f  a u g i te  (T ab le  9 ) ,  w hich g e n e ra l ly  h as  

i r r e g u l a r  b le b s  and f in e  s c h i l l e r  n e e d le s  o f o re . These n e e d le s  a re  

a l ig n e d  b o th  p a r a l l e l  t o  th e  c leav ag e  t r a c e s  and o b liq u e  to  them .

The a u g i t e s ,  w hich a re  a n h e d ra l ,  a re  o c c a s io n a l ly  f r in g e d  by b i o t i t e ,  

which a l s o  o c c u rs  in  p a tc h e s  and a lo n g  some c le a v a g e s .  I n  p la c e s  th e  

a u g ite  can  be seen  to  be a l t e r i n g  to  b i o t i t e .

P la g io c la s e ,  w hich i s  b a s ic  l a b r a d o r i t e ,  h as  f in e ly - s p a c e d  a l b i t e  

tw in  la m e l la e ,  w hich a re  o f te n  d i f f u s e .  G ra in  m arg ins a re  i r r e g u l a r  and 

sometimes s l i g h t l y  s u tu re d ,  and some c r y s t a l s  a re  b e n t .

Sm all rounded o r i r r e g u l a r  g r a in s  o f p a le  g reen  o l iv in e  a re  common, 

and th e s e  a re  c rack ed  and ap p ea r a  l i t t l e  c lo u d y , b u t a re  n o t g r e a t ly  

a l t e r e d .  They a re  f r e q u e n t ly  e n c lo se d  o r p a r t l y  e n c lo se d  by py ro x en e .

Ore i s  i n t e r s t i t i a l  and a l s o  o ccu rs  a s  g r a in s  en c lo se d  w ith in  

p la g io c la s e .  I lm e n ite  g e n e r a l ly  form s la r g e  i r r e g u l a r  i n t e r s t i t i a l  

g ra in s , w h ile  m a g n e tite  o ccu rs  a s  sm all somewhat rounded  c r y s t a l s ,  and 

the o c ta h e d ra l  c le a v ag e  o f m a g n e tite  i s  commonly seen .

A u to l i th s

These in c lu s io n s  in  th e  V atna gabbro  ap p ear t o  be f in e - g r a in e d  

e q u iv a len ts  o f  th e  norm al gabbro  ( P la te  193) # They have a  su b e q u ig ra n u la r  

te x tu re  c o n s is t in g  o f c lin o p y ro x e n e , d if fu s e ly - tw in n e d  p la g io c la s e ,  sm a ll



TABLE 9

MODAL ANALYSES OF VATNA GABBRQ

M in e ra l 1 1 /291 1 1 /3BD

P la g io c la s e  4B.46 13*96

A n t ip e r th i t e  -  67 .46

A u g ite  31 .73  1 2 .7 0

Ore 1 1 .7 3  4 .3 3

B i o t i t e  4 .4 3  0 .2 0

O liv in e  2 .6 6  O.9O

A p a t i te  O.9O 0 .5 6

9 9 ,9 1  100 .11

1

1 : A n t i p e r th i t i c  f a c i è s .



P la te  1 9 2 . Texture o f Vatna gabbro. X -P l. X 25.



P la te  193* Texture o f a u to lith  in  Vatna gabbro. 
X -P l. X 95.

P la te  1 9 4 . F luxion stru ctu re  o f a u to lith  (fin e -g ra in ed  
p a r t) . Vatna gabbro. P .P .L . X 25.
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rounded o l i v i n e s ,  and o re .

I t  i s  d i f f i c u l t  t o  be su re  w hether o r n o t th e y  have been  s i g n i f i 

c a n t ly  th e rm a lly  m etam orphosed by th e  su rro u n d in g  g ab b ro , b u t th e  p re sen c e  

of u n a l te r e d  o l iv in e s  su g g e s ts  t h a t  th e y  have n o t .

Some o f th e  a u t o l i t h s  have a  f o l i a t i o n  w hich ap p ea rs  to  be a f lu x io n  

s t r u c tu r e  ( P la te  1 9 4 ).

The m arg in s  o f  th e s e  in c lu s io n s  a re  f a i r l y  w e ll  d e f in e d , b u t in  

p la ce s  th e  c o a r s e r  gabbro  p e n e t r a te s  th e  a u t o l i t h ,  and th e  l a t t e r  o c cu rs  

as sm all f in e - g r a in e d  in c lu s io n s  in  th e  gabbro  ( P la te  1 9 5 ). In  p la c e s  

they  become q u i te  m ixed, w ith  th e  c o a r s e r  gabbro  c o n ta in in g  numerous 

d i f fu s e ly -b o rd e re d ,  f in e - g r a in e d  p a tc h e s .  O c c a s io n a lly  th e  a u t o l i t h s  

co n ta in  p la g io c la s e  p o rp h y ro b la s ts ,  som etim es a n t i p e r t h i t i c ,  and u s u a l ly  

co n ta in in g  numerous in c lu s io n s .

X e n o lith s

The x e n o l i th s  a re  o c c a s io n a l fra g m en ts  o f v a r io u s  ro ck  ty p e s .

Some c o a r s e -g ra in e d  p y ro x e n e -r ic h  in c lu s io n s  c o n s is t  m ain ly  o f 

g rey ish -g re e n  a u g i te  h av in g  s tro n g  b ro ad  o re  s c h i l l e r  la m e lla e .  Some 

of th e se  la m e lla e  a re  f a i r l y  f in e  and th e s e  a re  o r ie n ta te d  p a r a l l e l  to  

the c leav ag e  t r a c e s ,  b u t m ost o f  them a re  q u i te  b ro ad , and i n t e r s e c t  th e  

cleavages on lo n g i tu d in a l  s e c t io n s  a t  a n g le s  o f  23° -  27°.

The a u g i te  i s  f r in g e d  by a g reen ish -b ro w n  h o rn b le n d e , w hich a ls o  

occurs in  p a tc h e s  and a lo n g  c le a v a g e s . There i s  v e ry  l i t t l e  p la g io c la s e ,  

^ d  t h i s  h as  a co m p o sitio n  o f ab o u t An^o* f t  i s  e n c lo sed  w ith in  p y roxene , 

forming a c o a r s e -g ra in e d  o p h i t i c  t e x tu r e .



»

P la te  1 9 5 . Margin o f a u to l ith . Vatna gabbro. P .P .L . X 25.
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A few h ig h ly  m a fic , s l i g h t l y  ru s ty -w e a th e r in g  in c lu s io n s  c o n s is t  

p r in c ip a l ly  o f  d io p s id ic  c lin o p y ro x e n e  a g g re g a te s  w ith  la r g e  i r r e g u l a r  

i n t e r s t i t i a l  g r a in s  o f o re . A l i t t l e  i n t e r s t i t i a l  p la g io c la s e  a l s o  

o ccu rs .

There a re  a l s o  a few f in e - g r a in e d  a m p h ib o li te s ,  in  which c lin o p y ro 

xene h as  l a r g e l y  a l t e r e d  to  a broivm h o rn b le n d e .

A l l  th e s e  sm all m afic  in c lu s io n s  p ro b a b ly  r e p r e s e n t  frag m en ts  o f 

d i f f e r e n t  gabbro  o r dyke m a te r ia l  b ro u g h t up from  d e p th .

A n t i o e r th i t i c  F a c ie s

These bands and s t r e a k s  o f f e ld s p a th ic  m a te r ia l  in  th e  gabbro  a re  

abundant in  a n t i p e r t h i t e . T h is  i s  m ain ly  h a i r - a n t i p e r t h i t e  in  w hich 

the so d ic  p la g io c la s e  c o n ta in s  f in e  wavy la m e lla e  o f p o ta sh  f e ld s p a r .  

U n fo rtu n a te ly  i t  h as  n o t been  p o s s ib le  t o  d e te rm in e  th e  c o m p o sitio n  o f 

the p la g io c la s e  a c c u ra te ly ..  Tw inning i s  ex tre m e ly  f a i n t  o r a b s e n t in  

th ese  g r a in s ,  a lth o u g h  i t  i s  more marked in  p la g io c la s e  c r y s t a l s  w hich 

are n o t a n t i p e r t h i t i c .  Some c r y s t a l s  a re  o n ly  p a r t l y  a n t i p e r t h i t i c ;  in  

these  c a s e s  tw in n in g  i s  e v id e n t  in  th e  n o n - a n t ip e r t h i t i c  p a r t s  b u t p e te r s  

out in  th e  a n t i p e r t h i t i c  a r e a s .

An in e q u ig ra n u la r  t e x tu r e  i s  form ed, w ith  e v id en ce  o f r e c r y s t a l l i 

zation  h av in g  ta k e n  p la c e  a t  th e  g r a in  b o u n d a r ie s , w hich a re  h ig h ly  

su tu red , and show th e  developm ent o f swapped rim s in  p la c e s  ( P la te  1 9 6 ) . 

Stages in  th e  developm ent o f th e  phenomenon o f  swapped rim s can  be seen  

in the p e r th o s i t e s  ( p .241 ) ,  and t h e i r  fo rm a tio n  and s ig n i f ic a n c e  a re  

discussed f u r t h e r  th e r e .
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P la te  1 96 . Swapped rims in  a n t ip e r th ite . Vatna 
gabbro. X-PI. X I 70 .
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Rounded frag m e n ts  o f o l iv in e  a re  f a i r l y  common, and some o f  th e  

c lin o p y ro x e n e s  show p o ly s y n th e t ic  tw in n in g  h av in g  (lOO) a s  c o m p o sitio n  

p la n e . Ore i s  o f te n  e n c lo se d  w ith in  p y ro x en e , and z irc o n  i s  a  common 

a c c e sso ry  m in e ra l .

O re -sh o o ts

The a n t i p e r t h i t i c  s t r e a k s  i n  th e  gabbro  v e ry  o c c a s io n a l ly  have 

c lo ts  and s h o o ts  o f o re . I n  g e n e r a l ,  th e  o re  o ccu rs  in  m afic  a g g re g a te s  

in  th e  a n t i p e r t h i t i c  f a c i e s .  These a g g re g a te s  c o n s i s t  o f  rounded g r a in s  

of c l in o p y ro x e n e , o l iv in e ,  a p a t i t e ,  a n t i p e r t h i t e ,  and z irc o n  which i s  

o f te n  la r g e  and e u h e d ra l .  The o re  i s  i n t e r s t i t i a l  t o  a l l  th e s e  m in e ra ls ,  

in d ic a t in g  i t s  l a t e  fo rm a tio n  ( P la te  1 9 7 ). Many o f  th e  c lin o p y ro x e n e s  

are tw inned  and some o f  th e  o l i v in e s  a re  pseudom orphed by s e rp e n tin e  o r 

id d in g s i te .  Ore i s  o f te n  rimmed by b i o t i t e  where i t  makes c o n ta c t  w ith  

a n t i p e r th i t e .

The p r in c ip a l  o re  i s  m a g n e ti te ,  w ith  w hich i lm e n i te  i s  f r e q u e n t ly  

a s s o c ia te d . A lthough  i t  commonly form s la r g e  i n t e r s t i t i a l  m asses w hich 

send o f f  v e in s  in to  th e  gangue m in e ra ls ,  i t  a l s o  form s ag g lo m era tio n s  o f 

small b le b s  and d e l i c a t e  in te rg ro w th s  w ith  gangue m in e ra ls .  O ther o re s  

which occur in  sm a ll am ounts in c lu d e  p y r i t e ,  p y r r h o t i t e ,  and c h a lc o p y r i te .

In  some p la c e s  o re ,  b i o t i t e ,  o l i v in e ,  and pyroxene a re  rimmed by 

coronas o f a  c lo u d y , b ro w n ish -g re y , t r a n s l u c e n t ,  g ra n u la r  m a te r ia l  ( P la te  

198), which o f te n  lo o k s  a s  i f  i t  m ight be fo rm ing  by a l t e r a t i o n  o f pyroxene, 

I t  has a low b i r e f r in g e n c e  and h as  a  p a tc h y  e x t in c t io n ,  and h a s  so  f a r  

proved in d e te rm in a b le . I t s  fo rm a tio n  may be a s s o c ia te d  w ith  some v e ry



P la te  197* Texture o f  o re-sh o o t. Vatna gabbro 
P.P.L . X 85.

P late  198. Coronas around m inerals in  ore-sh oo t. 
Vatna gabbro. P .P .L . X 17O.
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t h in  o r e - f i l l e d  v e in s  w hich p e n e t r a te  th e  ro ck  a t  t h i s  p o in t .

M etasom atic V ein s  

T here  a re  a  few  m etaso m atic  v e in s  in  th e  V atna gabbro  re se m b lin g  

v ery  c lo s e ly  th o s e  in  th e  H u s f jo rd  m etagabbro . They a re  up to  1 mm. 

in  th ic k n e s s ,  and th e  gabbro  i s  a f f e c te d  f o r  up  t o  5 mm. on e i t h e r  s id e .

The v e in s  th e m se lv e s  c o n s i s t  o f y e l lo w is h -g re e n  a c t i n o l i t i c  amphi

b o le , w hich h as  a  s l i g h t l y  tu rq u o is e  t i n g e ,  b u t th e y  d i f f e r  from  th e  

v e in s  in  th e  H u s f jo rd  m etagabbro i n  n o t hav in g  sphene .

Towards th e  v e in s ,  pyroxene o f th e  gabbro  becomes p r o g re s s iv e ly  

am p h ib o lized , and i s  pseudomorphed by th e  a c t i n o l i t e .  The p la g io c la s e  

becomes c lo u d y , b u t i s  n o t m arked ly  s e r i c i t i z e d .

The v e in  m arg ins a re  rag g ed  b u t s h a rp ly  d e f in e d . However, a s  in  

the H u s fjo rd  m etagabbro , a c t i n o l i t e s  o f th e  v e in s  c ro s s  th e  c o n ta c ts  and 

are jo in e d  to  th o se  form ed in  th e  g abbro . C le a r ly  th e  mode o f  fo rm a tio n  

of th e se  v e in s  i s  t r u l y  m e ta so m atic , l i k e  th o s e  d is c u s s e d  in  th e  H u s f jo rd  

m etagabbro, and a re  p ro b a b ly  o f th e  same g e n e r a t io n .
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SLATTEN GABBROS 

F ine O liv in e -g a b b ro

T h is  re sem b les  some f a c i e s  o f th e  V atna g abbro , a lth o u g h  in  g e n e ra l  

i t  i s  more o l i v i n e - r i c h .  O liv in e s  and p la g io c la s e  g r a in s  a re  e lo n g a te d  

s u b p a ra l le l  to  one a n o th e r  fo rm ing  a f lu x io n  s t r u c t u r e .

O liv in e s  a re  f r e s h  and h a rd ly  a l t e r e d  i n t e r n a l l y ,  a lth o u g h  th e y  

are  o f te n  rimmed by h y p e rs th e n e . Pyroxene i s  a u g i te  and u s u a l ly  c o n ta in s  

a number o f f in e  s c h i l l e r  la m e lla e  o f o re ,  w hich i s  sometim es so dense 

th a t  i t  a lm o st co m p le te ly  o c cu p ie s  th e  py ro x en e . The pyroxene and th e  

o liv in e  a r e  commonly enveloped  by a  brown h o rn b len d e  hav in g  th e  fo llo w in g  

p le o c h ro ic  schem e:

X s tra w -y e llo w  

Y mid ta n

Z y e llo w -g re e n ish -b ro w n  

T h is  brown ho rn b len d e  a l s o  form s a  co ro n a  around  some o f th e  o re  

g ra in s , th e  l a t t e r  f r e q u e n t ly  e n c lo s in g  g ra in s  o f g reen  s p in e l ,  and 

a p a t i te .

P la g io c la s e  h a s  a co m p o sitio n  o f  ab o u t An^Q, and h as  complex tw in n in g , 

p e r ic l in e  tw in s  b e in g  common. C r y s ta ls  a re  c l e a r  and u n a l te r e d ,  b u t 

con tain  c lo u d s  o f f in e ly - d is s e m in a te d  o re .  Sometimes t h i s  o re  ta k e s  th e  

form of f in e  n e e d le s  w hich a re  g e n e r a l ly  p a r a l l e l  o r s u b p a r a l le l  t o  (OlO) 

faces, b u t a re  o c c a s io n a l ly  p a r a l l e l  t o  (OOl).

^ a r s e  Q liv in e -g a b b ro

T h is , which i s  th e  sou thernm ost o f  th e  S la t t e n  g a b b ro s , h a s  a
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v e ry  c o a r s e -g ra in e d  o p h i t ic  t e x tu r e  ( P la te  1 9 9 )» L arge a u g i te s  c o n ta in  

ra n d o m ly -o r ie n ta te d  a n h e d ra l l a t h s  o f p la g io c la s e .

The a u g i te  i s  b u f f - c o lo u re d , and c o n ta in s  numerous ore  in c lu s io n s  

and f in e  o re  s c h i l l e r  la m e lla e .  These s c h i l l e r  la m e lla e  occur p r in c i 

p a l ly  in  th r e e  d i r e c t io n s ;  p a r a l l e l  to  (lO O ), p a r a l l e l  to  (0 1 0 ), and 

s u b p a ra l le l  t o  ( l O l ) . The a u g i te  i s  b eg in n in g  to  a l t e r  t o  brown horn 

b lende hav in g  th e  fo llo w in g  scheme :

X p a le  s tra w  

Y mid brown 

Z g reen ish -b ro w n  

This a l t e r a t i o n  i s  ta k in g  p la c e  m ain ly  a t  th e  edges and in  i r r e g u la r  

p a tches r a th e r  th a n  a lo n g  c leav ag e  p la n e s .  Brown h o rn b len d e  a ls o  rim s 

o re -g ra in s  and b i o t i t e s ,  some o f which a re  deform ed.

O liv in e s  a re  n o t common, and when th e y  do occur th e y  show v a r io u s  

degrees o f a l t e r a t i o n .  Some a re  s l i g h t l y  a l t e r e d  to  a  b row nish  o re  

along c ra c k s ,  w hereas o th e r s  a re  pseudomorphed by id d in g s i t e ,  which i t s e l f  

has a l t e r e d  to  a  red d ish -b ro w n  i r o n  a l t e r a t i o n  p ro d u c t. Most o l iv in e s ,  

whether pseudomorphed o r n o t ,  have co ro n as  o f f a i n t l y  p le o c h ro ic  h y p e rs -  

thene o r o f f ib r o u s  cum m ing ton ite .

P la g io c la s e  i s  b a s ic  a n d e s in e , and i t s  tw in n in g  i s  i r r e g u l a r  and 

d if fu se , and some c r y s t a l s  a re  deform ed.

ÈC^ x e n e -g a b b r o

T his i s  th e  n o rth e rn m o st o f  th e  S lS t te n  g a b b ro s , and has a  co a rse  

^ iabasic  t e x tu r e  in  which b ro ad  p la g io c la s e  l a t h s  a re  s t i l l  l a r g e ly



P la te  1 9 9 . O phitic tex tu re  o f  coarse o liv ine-gabbro  
a t S la t te n . P .P .L . X 25.
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p re se rv e d . However, some r e c r y s t a l l i z a t i o n  has p ro b ab ly  ta k e n  p la c e  

s in c e  a few c r y s t a l s  a re  zoned. In  th e s e  th e  c o re s  a re  more c a lc ic  th a n  

th e  m arg in s , e .g .  in  one ca se  th e  co re  was An^^ and th e  m argin  was An^Q. 

Some p la g io c la s e  g r a in s  c o n ta in  f in e  n e e d le s  o f o re .

The pyroxene i s  p a le  b u f f  a u g i te  c o n ta in in g  abundant s c h i l l e r  la m e lla e  

of o re . Narrow, n e e d le - l ik e  la m e lla e  ru n  p a r a l l e l  to  th e  c leav ag e  t r a c e s  

in  lo n g i tu d in a l  s e c t io n s ,  and s h o r t ,  b ro ad  la m e lla e  g e n e r a l ly  l i e  o r th o 

gonal t o  th e  c le av a g e  t r a c e s .  Ore a l s o  form s sm all rounded in c lu s io n s .

Pyroxene i s  a l t e r i n g  to  brown h o rn b len d e  a t  i t s  m argins and a ls o  

in  p a tc h e s  and a lo n g  c le a v a g e s . T h is  h o rn b len d e  h as  th e s e  c h a r a c t e r i s 

t i c s :

X s tra w

Y deep g reen ish -b ro w n  

Z b ro w n ish -g reen

Hornblende a ls o  su rro u n d s o re  and b i o t i t e ,  a lth o u g h  th e  l a t t e r  som etim es 

envelops th e  h o rn b le n d e .

O liv in e  g r a in s  a re  v e ry  r a r e  and sm a ll, b u t f a i r l y  w e ll  p re se rv e d . 

A patite  i s  common, and g r a in s  a re  o f te n  v e ry  l a r g e .
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THE MINOR INTRUSIONS

EARLY BASIC DYKES

These a re  r e l i c s  p re se rv e d  a s  x e n o l i th ic  b lo c k s  in  th e  p e r th o s i t e  

s h e e ts .  They c o n s is t  o f a  p o r p h y r i t ic  a m p h ib o li te ,  and a p e r i d o t i t e .

P o ro h v r i t ic  A m o h ib o lite

T h is  h as  a p o r p h y r i t i c  t e x tu r e  w ith  numerous a n h e d ra l p la g io c la s e  

p h en o c ry s ts  ( P la te  2 0 0 ). The m afic  m in e ra ls  betw een th e  p h e n o c ry s ts  

a re  p r in c ip a l ly  h o rn b len d e  w hich can be seen  to  be fo rm ing  from  c l in o 

pyroxene, w hich form s r e l i c s  in  th e  am phibole m asses. The h o rnb lende  

i s  b ro w n ish -g reen :

X s tra w

Y brow nish  o l iv e -g re e n  

Z o l iv e -g re e n

G rains o f o re  a re  u s u a l ly  rimmed by v e ry  t h i n  co ro n as  o f  sphene.

The o r ig in a l  p la g io c la s e  was abou t An^^, b u t many p h e n o c ry s ts  have 

r e c r y s t a l l i z e d  a t  t h e i r  m arg ins t o  a  m osaic o f  more so d ic  p la g io c la s e  

(P la te  2 0 1 ). T h is  l a t t e r  i s  o p t i c a l l y  n e g a tiv e  and m u st, t h e r e f o r e ,  be 

more so d ic  th a n  An^o* ^he rem ain in g  c e n t r a l  p a r t s  o f  th e  p h e n o c ry s ts  

are a ls o  s l i g h t l y  zoned, w ith  more so d ic  m arg in s , b u t zoning  in  p la g io c la s e  

is  much more marked where c o n ta c t  w ith  h o rn b len d e  i s  made.

Many o f  th e  m eg a c ry s ts , p a r t i c u l a r l y  th e  zoned on es , c o n ta in  sm all 

i r r e g u la r  m afic  in c lu s io n s ,  p r in c ip a l l y  o f ho rn b len d e  o r pyroxene which 

is  in  th e  p ro c e ss  o f changing  t o  h o rn b le n d e . These in c lu s io n s  a r e  a lm o st



L
P la te  200. Texture o f early  porph yritic  am phibolite 
dyke. X -P l. X 25 .

P la te  201. R e cr y sta lliz ed  p la g io c la se  phenocryst. 
Early porphyritic  am phibolite dyke. X -P l. X 25*
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in v a r ia b ly  su rro u n d ed  by *h a lo e s ' which e x tin g u is h  to g e th e r  w ith  th e  

so d ic  m arg ins i f  th e  m egacryst i s  zoned. In  th e s e  h a lo e s  tw in n in g  i s  

a b s e n t ,  and a t  t h e i r  m arg ins th e y  merge d i f f u s e ly  b u t r a p id ly  w ith  th e  

r e s t  o f th e  p la g io c la s e  ( P la te  2 0 2 ). I t  i s  p o s s ib le  t h a t  t h e i r  h ig h e r  

sodium c o n te n t  i s  a  r e s u l t  o f th e  'l e a c h in g ' away o f ca lc iu m  by th e  

new ly-form ed h o rn b len d e  in  th e  in c lu s io n s .

P e r id o t i t e

T here i s  o n ly  a  l i t t l e  i n t e r s t i t i a l  p la g io c la s e  in  t h i s  ro c k , b u t 

th e re  i s  a  c o n s id e ra b le  amount o f o l iv in e ,  w hich o f te n  form s f a i r l y  l a r g e  

c r y s t a l s .  O liv in e  i s  o n ly  j u s t  b eg in n in g  to  a l t e r  t o  g re e n ish  s e rp e n t in e  

along c ra c k s ,  b u t o re  in  th e  c ra c k s  i s  f a i r l y  common. I t  i s  u s u a l ly  

rimmed o r p a r t i a l l y  rimmed by e n s t a t i t e .

Much o f  th e  ro ck  i s  o ccu p ied  by ra n d o m ly -o r ie n ta te d  p a le  brown 

hornblende w hich e n c lo se s  o l iv in e s  and r e l i c t  p y ro x en es . The c o lo u r  

scheme o f th e  ho rn b len d e  i s :

X p a le  k h ak i 

Y l i g h t  fawn 

Z mid k h ak i

■PERTH OSTmq

These c o n s i s t  v i r t u a l l y  o f p e r t h i t e ,  a lth o u g h  some c o n ta in  v a r io u s  

amounts o f m afic  m in e ra ls  (T ab le  1 0 ) ,  and r a r e  so d ic  p la g io c la s e  g r a in s .  

There a re  a l s o  o c c a s io n a l n o n - p e r th i t i c  m ic ro c lin e  c r y s t a l s .

The p e r t h i t e  i s  p r in c ip a l l y  f in e  h a i r - p e r t h i t e  in  w hich p o ta sh



TABLE 1 0

MODAL ANALYSES OF PERTHOSITES

M ineral

P e r th i t e

Ore

A e g e r in e -a u g ite

H ypersthene

I d d in g s i te

C linopyroxene

A p a tite

11/25A

9 5 .7 0

2 .8 0

0 .4 6

0.13

0.90

0.03

100.02

11 /250

98.60

0.16

1.26

11/42B

92 .5 6

2 .4 0

99 .86

4 .7 6

99 .9 8

Q7/24A

9 3 .2 0

1,60

4 .4 0

0 .2 3

0 .4 3

99 .8 6



P late  202. Haloes around mafic in c lu s io n s  in  pheno
c r y s ts . Basic dyke. X -P l. X 8 5 .

P la te  2 0 3 . Texture o f p er th o site ; note sutured  
margins. X -P l. X 2 3 .
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f e ld s p a r  and so d ic  p la g io c la s e  a re  in  a p p ro x im a te ly  eq u a l p r o p o r t io n s .  

G e n e ra lly  th e  f e ld s p a r  g r a in s  a re  e lo n g a te ,  and te n d  to  have a p r e f e r r e d  

o r i e n ta t i o n  fo rm ing  a f lu x io n  s t r u c tu r e  ( P la te  203) .

An in e q u ig ra n u la r  t e x tu r e  o f a n h e d ra l g r a in s  i s  form ed, in  which 

th e  g ra in  m arg ins a re  h ig h ly  s u tu re d  and swapped rim s a re  commonly seen  

to  be d e v e lo p in g . The phenomenon of swapped rim s  i s  b e s t  d e s c r ib e d  by 

t r a c in g  th e  s te p s  in  i t s  developm ent. I n  e a r ly  s ta g e s  th e  s u tu r in g  o f 

th e  g r a in  b o u n d a rie s  becomes more and more m arked u n t i l  n e ig h b o u rin g  

c r y s ta l s  have in te r lo c k in g  c o n ta c ts  ( P la te  2 0 4 ). As th e  in te r lo c k in g  

becomes more e x a g g e ra te d , th o s e  p a r t s  o f th e  c r y s t a l  which lo b e  in to  

th e  n e ig h b o u rin g  g ra in  become d e tach ed  from  th e  p a re n t  c r y s t a l ,  and 

occur a s  o u t l i e r s  in  th e  n e ig h b o u rin g  g r a in .  The la m e lla e  in  th e s e  

o u t l i e r s  e x t in g u is h  to g e th e r  w ith  th o se  o f th e  p a re n t  c r y s t a l ,  and a re  

th u s  in  o p t i c a l  c o n t in u i ty  w ith  i t  ( P la te  2 0 $ ). T h is  i s  th e  m ost advanced 

s tag e  seen  in  th e s e  ro c k s ,  b u t  i f  t h i s  p ro c e ss  were c o n tin u e d  f u r t h e r ,  

then  th e  amount o f o u tly in g  m a te r ia l  would in c re a s e  u n t i l  t r u e  swapped 

rims form ed a s  d e s c r ib e d  by V o ll ( i9 6 0 ) .

The developm ent o f  th e s e  swapped rim s i s  c l e a r l y  a m arg in a l r e  c ry s 

t a l l i z a t i o n  phenomenon, and i s  p ro b ab ly  a l a t e r  metamo rp h ie  e f f e c t .

At th e  m arg ins o f m ost p e r t h i t e  g r a in s ,  e s p e c ia l ly  where th e  i n c i p i e n t  

swapped rim s a re  fo rm in g , th e  p e r t h i t i c  la m e lla e  p e te r  o u t ,  and a homo

geneous zone o c c u rs . T h is  a l s o  ta k e s  p la c e  a g a in s t  some in c lu s io n s  in  

the p e r t h i t e s ,  around  v iiich  n o n - p e r th i t i c  h a lo e s  form  ( P la te  206).

This a ls o  seems t o  be a  r e c r y s t a l l i z a t i o n  f e a tu r e ,  e s p e c ia l ly  s in c e  i t  

Is common where swapped rim s a re  d e v e lo p in g . I t  would ap p ear t h a t  due
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P la te  204. In ter lock in g  boundaries between p er th ite  
g ra in s . P e r th o s ite . X -P l. X 10.

L

P la te  2 0 5 . Development o f swapped rims in  p er th o site  
X -P l. X 10.



P la te  206. N on -perth itic  ha loes around in c lu s io n s  in  
p e r th ite . P er th o site . X -P l. X I 7O0



2/i2

t o  r e h e a t in g ,  th e  p e r t h i t e  h a s  become hom ogenized and h as n o t r e -e x s o lv e d  

as  s e p a ra te  p h a se s . H o n o g en iza tio n  o f a l k a l i  f e ld s p a r s  in  th e  A rd ara  

p l u t on, D onegal, where i t  h as  been  re h e a te d  by th e  Main Donegal G ra n ite  

has been  r e p o r te d  by H a ll  (1 9 6 5 a ).

Most o f  th e  p e r th o s i t e s  c o n ta in  o c c a s io n a l a c c e s so ry  m in e ra ls  a s  

i n t e r s t i t i a l  g r a in s  o r c o rro d ed  fra g m e n ts . These m in e ra ls  in c lu d e  d io p -  

s id e ,  o re , b i o t i t e ,  a u g i te ,  a p a t i t e ,  z irc o n  and g re e n  h o rn b le n d e . In  

some p e r t h o s i t e s  th e r e  a re  c r y s t a l s  o f a e g e r in e - a u g i te  w ith  th e  fo llo w in g  

p le o c h ro ic  scheme :

X em era ld  g reen  

Y y e llo w is h -g re e n  

Z p a le  em erald  g ree n  

H ypersthene i s  f a i r l y  common, b u t  i s  c l e a r l y  u n s ta b le  in  i t s  p r e s e n t  

environm ent; i t  i s  h ig h ly  c o rro d e d  and more o r l e s s  pseudomorphed by 

yellow ish -b row n  id d in g s i t e  ( P la te  2 0 7 ).

O c c a s io n a lly  w here p e r t h i t e  m eets c lin o p y ro x e n e  o f a  dyke in c lu s io n ,  

ag g reg a te s  o f v e rm ic u la r  g reen  d io p s id ic  c lin o p y ro x e n e  in  a  p la g io c la s e  

mosaic a re  form ed ( P la te  2 0 8 ). I t  a p p e a rs  t h a t  th e r e  was a l s o  a  ch em ical 

i n s t a b i l i t y  h e re .

lATB BASIC PYXES

Bue to  la c k  o f sp a ce , d e s c r ip t io n  o f th e  numerous l a t e  b a s ic  dykes 

must n e c e s s a r i ly  be o f a  summary n a tu re  in  o rd e r  to  av o id  undue r e p e t i t i o n .  

The m in e ra ls  t h a t  a re  p r e s e n t  in  each o f th e  d i f f e r e n t  dykes a re  shown



P la te  2 0 7 . Hypersthene being pseudomorphed by 
id d in g s ite .  P e r th o s ite . PoP.L . X 170.

P la te  208. Vermicular pyroxene in  p la g io c la se . Vatna
gabbro next to  p e r th o s ite . P .P .L . X 83.
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in  T ab le  11 which i s  t o  be u sed  in  c o n ju n c tio n  w ith  F ig . 15 .

The dykes v a ry  g r e a t ly  in  g r a i n - s i z e ,  b u t th e  m a jo r i ty  o f them 

a re  f a i r l y  f in e - g r a in e d .  Some a re  abundant in  p la g io c la s e  p h e n o c ry s ts .  

w hereas o th e r s  a re  n o n - p o r p h y r i t ic , and many e x h ib i t  o p h i t ic  t e x tu r e s  

(P la te  2 0 9 ).

C lin o p y ro x en e , which som etim es form s la r g e  p h e n o c ry s ts  ( P la te  2 1 0 ), 

commonly c o n ta in s  s c h i l l e r  la m e lla e  o f o re ,  in  which th e  in d iv id u a l  

ore n e e d le s  a re  g e n e ra l ly  o r ie n ta te d  p a r a l l e l  to  (lOO) and (OlO) f a c e s  

and o c c a s io n a l ly  p a r a l l e l  t o  ( lO l ) .  Sometimes th e  s c h i l l e r  o ccu rs  in  

c o n c e n tr ic  zones p a r a l l e l  to  th e  (lOO) and (010) f a c e s  ( P la te  2 1 1 ).

The c lin o p y ro x e n e  i s  p r in c ip a l l y  a u g i t e ,  and i s  in v a r ia b ly  a l t e r i n g  to  

b ro w n ish -g reen  h o rn b le n d e , p a r t i c u l a r l y  around th e  m arg in s . Both th e  

pyroxene and th e  seco n d ary  h o rn b len d e  o c c a s io n a l ly  a l t e r  to  b i o t i t e .

Some o f th e  dykes c o n ta in  o l i v in e ,  and a re  am p h ib o lized  o l iv in e -  

d o l e r i t e s .  O liv in e  o f te n  form s a n h e d ra l p h e n o c ry s ts ,  and i t  i s  u s u a l ly  

f a i r l y  f r e s h .  However, in  some ro c k s  o l iv in e  i s  rimmed by o rth o p y ro x en e  

and has been  v a r i a b ly  re p la c e d  by s e rp e n t in e  and o re  o r by i d d in g s i t e .

In  some c a s e s ,  th e  o l iv in e s  have been  c o m p le te ly  pseudomorphed ( P la te  

212).

P la g io c la s e  o cc u rs  b o th  a s  p h e n o c ry s ts  and in  th e  m a tr ix ,  and 

g e n e ra lly  h as a  co m p o sitio n  in  th e  ran g e  P h e n o c ry s ts  a re

anhedral t o  s u b h e d ra l ,  and a re  som etim es zoned ( P la te  213) # The c o re s  

of th e se  zoned c r y s t a l s  a re  ab o u t An^g w h i l s t  th e  m arg ins a re  ab o u t An^^, 

and t h i s  i s  p ro b ab ly  a  l a t e r  metarno rp h ie  e f f e c t .

Some o f th e  p la g io c la s e  p h e n o c ry s ts  c o n ta in  sm all ra n d o m ly -o r ie n ta te d



TABLE 1 1

SBÎ'liARY OP [ERALS PRESENT IN LATE BASIC DYKES

Dyke OP CP 0 H Of Oa B A

A X X X X X X X

B X X X X X X

C X X X X X X

D X X X X X X

E X X X X X X X

P X X X X X

G X X X X X

H X X X X X X

I X X X X X X

J X X X X X X

K X X X X X

L X X X X X X X X

M X X X X X X

N X X X X

0 X X X X X X

P X X X X X

Q X X X X X

R X X X X X

KEY; OP -  O rthopyroxene (aro u n d  o l iv in e ) ;  CP -  C linopyroxene ( a u g i te ) ;

0 -  O re; H -  H ornblende (b ro v m ish -g reen ) ; Of -  O liv in e  ( f a i r l y  

f r e s h ) ; Oa -  O liv in e  ( a l t e r e d  to  s e rp e n t in e  and i d d i n g s i t e ) ;

B -  B i o t i t e ;  A -  A p a t i t e ;  Pp -  P la g io c la s e  ( p o r p h y r i t ic  t e x t u r e ) ;  

Pn -  P la g io c la s e  ( n o n -p o rp h y r i t ic  t e x t u r e ) .

L e t t e r s  A -  R c o rre sp o n d  w ith  th o se  in  P ig .  15 .



P la te  2 0 9 . O phitic tex tu re  o f la t e  basic  dyke. 
P.P .L . X 85.



P la te  210. Clinopyroxene phenocryst a lte r in g  to  
brownish hornblende. Late basic  dyke. X -P l. X 25

P la te  211. Zones o f s c h i l le r  need les o f ore in  c lin o 
pyroxene basal se c t io n . Late basic  dyke. X -P l. X 25



P la te  212. Orthopyroxene rimming id d in g s ite  pseudo- 
morph a f te r  o l iv in e .  Late basic  dyke. P .P .L . X 95.
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P la te  213* Zoned p la g io c la se  phenocryst. Late basic  
dyke. X -P l. X 8 3 .

P la te  214. H aloes ( l ig h t  patches) around b io t i t e  
in c lu s io n s  in  p la g io c la se . Late basic  dyke. X -P l. X 8 3 .
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in c lu s io n s  o f h o rn b le n d e , b i o t i t e ,  a p a t i t e ,  and o re . The b i o t i t e  in c lu 

s io n s  a lm o st in v a r ia b ly  have h a lo e s  around  them in  which th e  p la g io c la s e  

i s  more so d ic  th a n  in  th e  b u lk  o f th e  p la g io c la s e  c r y s t a l s  ( P la te  214-)*

I t  i s  p o s s ib le  t h a t  d u rin g  r e g io n a l  metamorphism th e r e  was a  t r a n s f e r e n c e  

of a l k a l i s  from  th e  b i o t i t e  t o  th e  su rro u n d in g  p la g io c la s e ,  a c c o u n tin g  

fo r  th e  o b se rv ed  h a lo e s .

A lthough th e  m in era lo g y  o f th e  l a t e  b a s ic  dykes i s  n o t v e ry  v a r i a b l e ,  

th e re  i s  more v a r i e t y  in  th e  t e x tu r e s  and g r a i n - s i z e .  T h is  v a r i e t y ,  in  

c o n ju n c tio n  w ith  th e  d i f f e r e n c e s  in  m in e ra lo g y , en ab le  th e  dykes t o  be 

c l a s s i f i e d  in to  th e  groups shown in  F ig .  15 and T ab le  1 1 .

The V atna gabbro  and some o f th e  l a t e s t  dykes have been  c u t  by 

narrow m etasom atic  v e in s  re sem b lin g  th o s e  in  th e  H usf jo r d  m etagabbro .

The v e in s  c o n s is t  o f  tu rq u o is e  a c t i n o l i t i c  am phibole whose f i b r e s  te n d  to  

be o r ie n ta te d  su b p e rp e n d ic u la r  t o  th e  v e in  w a l ls .  The m arg ins o f th e  v e in s  

are  sh a rp ly  d e f in e d  a g a in s t  h o rn b len d e  b u t a re  d i f f u s e  a g a in s t  a u g i te  and 

p la g io c la s e .

Hydrous m in e ra ls  a re  form ed in  th e  ro c k  a d ja c e n t  t o  th e  v e in s ;  o l iv in e  

i s  pseudomorphed by g ree n  s e rp e n t in e  and f ib r o u s  t a l c ,  pyroxene i s  a l t e r e d  

to  sh e a fs  o f f ib r o u s  t r e m o l i t e - a c t i n o l i t e ,  and ho rn b len d e  i s  r e p la c e d  by 

c h lo r i t e .

I t  i s  c l e a r  t h a t  th e  em placem ent o f th e  v e in s  p o s t- d a te s  th e  a l t e r 

a tio n  o f th e  pyroxene in  th e  dykes t o  b ro w n ish -g reen  h o rn b le n d e , s in c e  

th is  secondary  h o rn b len d e  h as  b een  a f f e c te d  by th e  m etasom atism . Thus 

the v e in s  a re  p ro b a b ly  a s s o c ia te d  w ith  a  m etasom atism  which to o k  p la c e  

9-t a l a t e  s ta g e  in  th e  r e g io n a l  m etam orphic e v e n t.
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NEPHSLINE-SYENITE PEGMATITES

These a re  c o a r s e -g ra in e d  le u c o c r a t i c  ro ck s  c o n s is t in g  p r im a r i ly  

o f p o ta sh  f e ld s p a r  and n e p h e lin e ,  th e  p o ta sh  f e ld s p a r  som etim es showing 

d i f f u s e  m ic ro c l in ic  tw in n in g . There a re  o c c a s io n a l g r a in s  o f p o o r ly -  

tw inned so d ic  p la g io c la s e ;  th e s e  a re  o p t i c a l l y  p o s i t iv e  and have r e f r a c 

t i v e  in d ic e s  l e s s  th a n  t h a t  o f  balsam , w hich in d ic a te s  t h a t  i t  i s  a l b i t e ,  

or v e ry  s o d ic  o l ig o c la s e .

The n e p h e l in e - s y e n i te  p e g m a tite s  have been e x te n s iv e ly  sh e a re d , 

and even th e  c o m p a ra tiv e ly  u n sh e a re d  p a r t s  have a  m o rta r  t e x tu r e  ( P la te  

21$ ) .  C r y s ta ls  o f  f e ld s p a r  and n e p h e lin e  a re  embedded in  a f in e - g r a in e d  

g ra n u la te d  m a tr ix  t o  which th e y  a r e  c o n t r ib u t in g  ( P la te  216) .

The f e ld s p a r s  ap p ea r t o  be more r e s i s t a n t  to  c ru sh in g  th a n  a re  

th e  n e p h e lin e  s .  They form ovoid  augen , some o f w hich have t a i l s  s tr e a k e d  

out in to  th e  p re s  su re-shadow  a re a  on e i t h e r  s id e  o f  th e  augen ( P la te  

217). Some o f  th e  f e ld s p a r  augen a re  c ra c k e d  and g r a n u la t io n  h as  ta k e n  

p lace  a lo n g  some o f th e  c ra c k s  ( P la te  218)#

The n e p h e l in e ,  how ever, b re a k s  down more r e a d i ly  and i s  c o n s id e ra b ly  

s e r i c i t i z e d ,  p a r t i c u l a r l y  a t  th e  m arg ins and a lo n g  c ra c k s .  L enses o f 

s e r i c i t i z e d  n e p h e lin e  become s tr e a k e d  o u t a lo n g  th e  f o l i a t i o n  p la n e s  o f  

sh ea rin g , and som etim es r e l i c t  f rag m en ts  o f augened n e p h e lin e  can  be 

seen in  th e  m id s t o f  th e s e  m asses ( P la te  219)*

Occasional aggregates of sm all b io t i t e s  are bent around the augen, 

and ore has re c r y s ta ll iz e d  along many of the shear p lan es.

Where mafic m ateria l has been caught up in  the shearing, i t  i s

crushed to  a d a rk  g re e n  m y lo n ite  ( P la te  2 2 0 ). T h is  c o n s i s t s  m ain ly



P la te  2 1 3 . Nepheline in  mortar textu red  nepheline- 
sy e n ite  pegm atite. X -P l. X 23.

P la te  216. Mortar tex tu re  in  n ep h elin e-sy en ite
pegm atite. X -P l. X 25 .



P la te  2 1 7 . Augened fe ld sp ar in  n ep h elin e-syen ite  
pegm atite. X -P l. X 8 3 .
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P la te  2 1 8 . Granulation along cracks in  fe ld spar augen 
N ep h elin e-syen ite  pegm atite. X -P l. X 23.

P la te  2 1 9 . Augened and s e r ic i t iz e d  neph eline. 
sy e n ite  pegm atite. X -P l. X 8 3 .

N epheline-



" " - ' y ; : ! ; #

P la te  220. M ylonitized mafic m inerals. Nepheline- 
sy e n ite  pegm atite. X -P l. X 23#

P la te  221. Tension cracks in  hornblende augen 
N ep h elin e-syen ite  pegm atite. P .P .L . X 83-
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o f h o rn b le n d e , o re ,  z irc o n  w hich i s  f a i r l y  r e s i s t a n t ,  and fra g m e n ts  o f 

p y ro x en e , b i o t i t e ,  and sp h en e . The h o rn b le n d e , w hich i s  y e l lo w is h -g re e n  

in  c o lo u r ,  fo rm s sm all ovo id  augen around  which th e  f in e  g ra n u la te d  

m y lo n ite  sw in g s. The p le o c h ro ic  scheme o f th e  h o rn b len d e  i s :

2  mid s tra w  

Y mid g reen  

Z mid g reen

The h o rn b le n d e s  t h a t  form  th e  augen commonly have c ra c k s  p e rp e n d ic u la r  

t o  th e  f o l i a t i o n  p la n e s  ( P la te  2 2 1 ). These c ra c k s  a re  p resum ably  due 

to  t e n s io n a l  f o r c e s  a c t in g  p a r a l l e l  t o  th e  f o l i a t i o n  p la n e s .
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PETROGHMISTRY

INTRODUCTION

Chem ical a n a ly s e s  o f A3 ro c k s  and 36 f e ld s p a r s  from th e  H usf jo r d  

a r e a  have been  made by th e  w r i t e r .

The m a jo r i ty  o f th e  ro c k s  a n a ly se d  be lo n g  to  th e  s u i t e  o f d i o r i t e s ,  

b u t a  number o f H usf jo r d  m etagabbro  and h y b r id  specim ens were a l s o  

a n a ly s e d , a s  w e ll  a s  a  r e p r e s e n ta t iv e  from  each o f th e  rem a in in g  m ajor 

ig n eo u s ro ck  ty p e s .  The ro c k s  were a n a ly se d  f o r  th e  m ajor e lem en ts  and 

a ls o  f o r  a  number o f t r a c e  e lem en ts  (T a b le s  12 -  I 6 ) .

C o e x is tin g  p o ta sh  f e ld s p a r  and p la g io c la s e  from th e  d i o r i t e s  were 

a n a ly s e d , a s  w e ll  a s  p la g io c la s e  from th e  H usf jo rd  m etagabbro and a 

number o f  o th e r  ro ck  ty p e s .  The a n a ly s e s  o f th e  f e ld s p a r s  were p a r t i a l ,  

on ly  in c lu d in g  p o ta ss iu m , sodium , and ca lc iu m . The t r a c e  e lem en ts  Ba,

Rb, and S r were a ls o  d e te rm in e d  (T ab les  17 and 18 ) .

The a n a ly s e s  o f th e  ro c k s  were c a r r i e d  o u t in  th e  Geology D epartm en t, 

U n iv e r s i ty  o f  B r i s t o l ,  by 2 - ra y  f lu o re s c e n c e  te c h n iq u e s  (w ith  th e  ex

c e p tio n  o f FeO and H2O w hich w ere d e te rm in ed  in  th e  Geology D epartm en t, 

B edford C o lle g e , by c l a s s i c a l  m eth o d s).

The f e ld s p a r  a n a ly s e s  were made in  th e  M in e ra lo g isk -G e o lo g isk  

Museum, O slo , th e  a l k a l i s  b e in g  d e te rm in ed  by flam e pho to m etry , and th e  

rem ain ing  e lem en ts  by f lu o r e s c e n t  2 - ra y  sp e c tro sc o p y .
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THE DIORITES

I n tro d u c t io n

S tudy  o f th e  ch em ica l d a ta  su g g e s ts  t h a t  th e  s u i t e  o f  d i o r i t e s  

c o n s is t in g  o f th e  H a v n e fjo rd  d i o r i t e ,  th e  l a t e  p y r o x e n e -m ic a -d io r i te s ,  

and th e  two ty p e s  o f q u a r t z - d i o r i t e s  form  a p e t r o lo g ic a l  s e r i e s .  The 

chem ical f e a tu r e s  o f th e  K obberfj ord  n o r i t e  in d ic a te  t h a t  i t  may r e p re 

se n t a b a s ic  member o f t h i s  s e r i e s .

EARLY DIORITES

B efo re  d is c u s s in g  th e  m ain  d i o r i t e  s e r i e s  in  d e t a i l ,  i t  i s  a s  w e ll  

to  c o n s id e r  th e  p o s i t io n  o f th e  e a r ly  d i o r i t e s  a s  th e s e  do n o t ap p ea r 

to  be members o f  th e  m ain d i o r i t e  s e r i e s .  They p lo t  in  p o s i t io n s  n e a r  

to  th e  l a t e  p y ro x e n e -m ic a -d io r i te s  and th e  q u a r t z - d i o r i t e s ,  w hich a re  

l a t e  members o f th e  s e r i e s .  S in ce  f i e l d  e v id en ce  shows t h a t  th e  e a r ly  

d io r i t e s  p r e - d a te  th e  H av n e fjo rd  d i o r i t e ,  t h i s  would in v o lv e  a  r e v e r s a l  

in  th e  t r e n d  o f th e  s e r i e s .  T h is  r e l a t io n s h i p  a l s o  h o ld s  w ith  r e s p e c t  

to  th e  t r a c e  e lem en ts  in  th e  f e ld s p a r s ,  and i t  would seem t h a t  th e  

fo rm ation  o f th e  e a r ly  d i o r i t e s  i s  n o t a s s o c ia te d  w ith  th e  p r in c ip a l  

s u ite  o f d i o r i t e s .

main diorite sttite

Whole Rock A nalyses 

V ario u s a s p e c ts  o f  th e  c h e m is try  o f  th e  m ain d i o r i t e  s u i t e  a re  

p lo tte d  on t r i a n g u l a r  d iag ram s. F ig s .  16 -  19# The K obberf jo r d  n o r i t e



PLOT OF NORITE-DIOfMTE SERIES

IN THE SYSTEM SiO-(K,O^Na.O)-CaO

SiO

H A V N E F J O R D  D I OR ITE

P Y R O X E N E - M I C A - D I O R  ITE

Q U A R T Z -  D I O R I TE

G A R N E T I F E R O U S  
Q U A R T Z -  D I O R I T E

9 0  SiO;

8 0  SiO O ■

7 0  SiO

5 0
WEIGHT %

CoO

FIG. 16



PLOT OF NO RITE-D IO RITE SERIES

IN THE SYSTEM K jO -N o ^ O -C a O

■  k o b b e r f j o p x )  n o r i t e  

O  h a v n e f j o r d  d i o r i t e  

•  P Y R O X E N E 1C A - D I O R I  TE  

A  OUARTZ -  D I O R I T E  

A  G A R N E T I F E R O U S  

Q U A R T Z - D I O R I T E

50 50

50
WEIGHT

CoQ



PLOT OF N O R ITE -D IO R ITE  SERIES

N THE SYSTEM (K p ^ N a p )-T o ta l Fe-M qO

K.O+NozO

■  KOBBERFJORD NO RIT E

O  HAVNEFJORD DIORITE

#  PYROXENE-MICA-DIORITE

A QUARTZ-DIORITE

A GARNETIFEROUS 
QUARTZ-DIORITE

50
50

0/0

MqO
50

WEIGH
o

Wld trend l in e -  trend of differentiation due to froctio.Kil cryitolliiotlon in the 

Skoerqoord Complex. Doihed trend l i n e -  trend of lovos belonging to the

colc-olltoli luite. Both ofter Hatch, Well», and Wells ( i9* i).

For fu r t h e r  d i s c u s s i o n  s e e  t e x t  u n d e r  P e t r o q e n e s i s .

F I G .  18



PLOT OF N O R ITE -D IO R ITE  SERIES

IN THE SYSTEM AI2O3 — CoO -  (MgO +Tbfal Fê

■  MOWER FJORD NORITE

O  HAVNEFJORD D IO R ITE

e  PYROXENE-MICA-DIORITE

A Q U ARTZ-D IO RITE

A GARNETIFEROUS 
QUARTZ-DIORITE

5 0
WEIGHT %

MqO*Totol F# 0$ F#0

F I G . 19



249

has a l s o  been  p lo t t e d  on th e s e  d ia g ra jn s , and i t  would a p p ea r  t o  form  a 

b a s ic  end-member o f a  s e r i e s  form ed by th e  d i o r i t e s .  I t  can  be seen  

from th e s e  d iag ram s t h a t  t h i s  s u i t e  o f ro ck s  form s a  d i s t i n c t  t r e n d  

w ith  th e  K o b b e rfjo rd  n o r i t e  ( to g e th e r  w ith  one e x c e p t io n a l ly  b a s ic  spe

cimen o f H a v n e fjo rd  d i o r i t e )  a t  one en d , and th e  q u a r t z - d i o r i t e s  a t  th e  

o th e r . I t  i s  known from f i e l d  ev id en ce  t h a t  th e  p y ro x e n e -m ic a -d io r i te  

p o s t-d a te s  th e  H av n e fjo rd  d i o r i t e ,  and t h i s  f a c t  g iv e s  th e  t r e n d  a  tem

p o ra l d i r e c t i o n .  T h e re fo re , i t  seems re a so n a b le  to  assume t h a t  i f  th e s e  

rocks form a s e r i e s ,  th e  K o b b e rfjo rd  n o r i t e  r e p r e s e n ts  th e  e a r l i e s t  

member p r e s e n t  and th e  q u a r t z - d i o r i t e s  th e  l a t e s t  members.

The d iag ram s show t h a t  th e r e  i s  a  t r e n d  from f a i r l y  b a s ic  to  

r e l a t i v e l y  a c id  members. M agnesium, t o t a l  i r o n ,  and ca lc iu m  d e c re a se  in  

a b so lu te  am ounts, b u t  th e y  rem ain  in  c o n s ta n t  p ro p o r t io n  w ith  r e s p e c t  

to  each o th e r .  The KeO/MgO r a t i o  rem ain s  a t  abou t 3 ( F ig . l^ ) ^  and th e  

(MgO + FeO)/CaO r a t i o  i s  ab o u t 2 ^ (F ig . 1 9 ) . There i s  a  c o rre sp o n d in g  

in c rea se  in  th e  a b s o lu te  am ounts o f  s i l i c o n ,  alum inium , and a l k a l i s ,

and in  th e  c a se  o f th e  a l k a l i s  th e  K20/N a20 r a t i o  in c r e a s e s  w ith  t im e .

These t r e n d s  a re  s im i la r  to  th o se  w hich a re  c h a r a c t e r i s t i c  o f  a

su ite  o f ro c k s  w hich h as  been  form ed from  d i f f e r e n t i a t i o n ,  by f r a c t i o n a l  

c r y s t a l l i z a t i o n ,  o f  a  common so u rce  magma. Thus i t  i s  p o s s ib le  t h a t  one 

ex p lan a tio n  o f th e  t r e n d s  e x h ib i te d  by th e s e  ro c k s  co u ld  be t h a t  th e y  

Have a l l  c r y s t a l l i z e d  from  a  common p a re n t  magma.

The v a r i a t i o n  d iag ram s ( a f t e r  L a rse n , 1938) p re s e n te d  in  F ig s .  20 

21 show t h a t  th e  members o f  t h i s  s e r i e s  ap p ea r  t o  l i e  a lo n g  f a i r l y

smooth l i n e s  o f l i q u i d  d e s c e n t .  F e a tu re s  r e v e a le d  by th e s e  d iagram s



VARIATION DIAGRAM (a FTER LARSEN) OF NORITE-DIORITE SERIES

■ KOMCMK)M> NOMTC 
#MAiyMmwomD momtc
OPVnOKCNC-MiCA MOKlTE 
A Q U A im -m O I^ IT t
AOAMMTIftMOUSQUAKTZ-DIOAITt

'2 4 —*   1--------1 1 1 —
■20 -16 -12 - 8  - 4  O
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FIG. 20
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VARIATION DIAGRAM (AFTER LAPvSEN) OF NORITE-DIORITE SERIES
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ag ree  w ith  th o se  o f th e  t r i a n g u l a r  d iag ram s, and in  a d d i t io n  th e  re a so n  

f o r  th e  in c re a s e  in  th e  K2Û/Ka20 r a t i o  i s  shown to  be a  s l i g h t  d e c re a se  

in  amount o f Ka20 in  th e  q u a r t z - d i o r i t e s  (F ig . 2 0 ) . A no ther fe a tix re  

shown in  F ig .  20 i s  t h a t  alum inium  h as  a peak in  th e  H av n e fjo rd  d i o r i t e  

and p y ro x e n e -m ic a -d io r i te s .

V a r ia t io n  d iag ram s a f t e r  M arker (1909) show s im i la r  t r e n d s  t o  th e  

L arsen  d iag ram s (F ig . 2 2 ). The alum inium  and sodium peaks in  th e  Havne

f jo r d  d i o r i t e  and th e  p y ro x e n e -m ic a -d io r i te s  a re  c l e a r l y  se en . In  

a d d i t io n ,  b ecau se  K2O i s  n o t in v o lv e d  in  th e  a b s c i s s a  p a ra m e te r , a  more 

marked cu rv e  in  th e  K2O l i n e  r e s u l t s ,  showing t h a t  th e r e  i s  a  f a i r l y  

r a p id  in c r e a s e  in  K^O u n t i l  th e  fo rm a tio n  o f th e  p y ro x e n e -m ic a -d io r i te s ,  

a f t e r  w hich th e  r a t e  o f  in c re a s e  f a l l s  o f f .

The a l k a l i - 1  ime in d ex  a s  d e te rm in ed  from  th e  M arker d iagram  i s  

51. 2 , w hich p la c e s  th e  s u i t e  in  th e  a l k a l i - c a l c i c  c l a s s  o f  Peacock (1 9 3 1 ). 

This v a lu e  f o r  th e  a l k a l i - 1  ime in d ex  makes th e  s u i t e  e q u iv a le n t  t o  a 

t r a c h y b a s a l t - t r a c h y a n d e s i te - t r a c h y te  s e r i e s  (P eaco ck , o p .c i t . ) .  A lthough  

th e  a n a ly s e s  show t h a t  th e  H av n e fjo rd  d i o r i t e  i s  r i c h  in  c a lc iu m , th e  

ra p id  f a l l  in  th e  CaO cu rv e  in  c o n ju n c tio n  w ith  th e  f a i r l y  r a p id  in c re a s e  

in  th e  a l k a l i s  a l r e a d y  n o te d  g iv e s  r i s e  t o  a  c o m p a ra tiv e ly  low a l k a l i - 1  ime 

index.

N ig g li  v a lu e s  have been  computed from  th e  a n a ly s e s ,  and have been  

p lo t te d  on a  t e t r a h e d r a l  d iagram  (F ig . 23) by a method w hich i s  a 

v a r ia t io n  o f  t h a t  u sed  by N ig g l i  (Jo h an n sen , 1931 ) « In  N igg li*  s m ethod, 

the fo u r  v a lu e s  a l ,  a lk ,  c ,  and fm , a re  p la c e d  a t  th e  c o rn e rs  o f a  

te tra h e d ro n , w hich i s  d iv id e d  i n t o  10% d iv i s io n s  by p la n e s  r o t a t i n g
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abou t th e  a l - a l k  edge as a x i s .  These t r i a n g u l a r  p la n e s  a re  ta k e n  in  

p a i r s  and r e p re s e n te d  as a s e r i e s  o f rhom bic d iagram s w ith  th e  a l - a l k  

l in e  sh a red  by th e  a d ja c e n t  t r i a n g l e s .  Thus th e  v a lu e s  a re  n o t p re s e n te d  

in  a s in g le  d iag ram , b u t in  a s e r i e s  o f  d iagram s o f v a ry in g  c/fm  r a t i o s ,  

which have to  be c o r r e la te d  i f  an o v e r a l l  p ic tu r e  o f  any t r e n d s  i s  to  be 

o b ta in e d .

In  th e  method u sed  by th e  w r i t e r ,  th e  a l - a lk - c - f m  te t r a h e d r o n  i s  

d iv id e d  in to  p la n a r  d iv i s io n s  p a r a l l e l  t o  th e  s id e  o p p o s ite  th e  apex  

a t  w hich th e  K ig g li  v a lu e  h av in g  th e  lo w e s t av erag e  i s  r e p re s e n te d  

(which i s  c in  th e  p r e s e n t  c a s e ) .  A p r o je c t io n  o f  such  a model h as  been  

c o n s tru c te d  in  F ig . 23 , and may e i t h e r  be re g a rd e d  a s  a  tw o -d im en s io n a l 

diagram  o f o v e r la p p in g  t r i a n g l e s  hav ing  v a ry in g  c v a lu e s ,  o r a s  a 

p e r s p e c t iv e  d iagram  o f a  te t r a h e d ro n  composed o f a * tu n n e l*  o f  t r i a n g l e s  

converg ing  to w ard s th e  c apex . Thus w h ile  th e  t r i a n g l e s  c o u ld  a l t e r n a 

t i v e l y  have been  r e p re s e n te d  s e p a r a te ly ,  by a ssem b lin g  them i n to  a 

te t r a h e d ro n ,  a c l e a r e r  o v e r a l l  th re e -d im e n s io n a l  e f f e c t  o f  t r e n d s  i s  

p o s s ib le .

To p l o t  a  p a r t i c u l a r  ro c k ,  th e  c v a lu e  i s  f i r s t  s u b tr a c te d  from  

th e  t o t a l  a l  + a lk  + c + fm, and th e  rem a in in g  a l ,  a l k ,  and fm v a lu e s  

are  r e c a lc u la t e d  t o  100. The t r i a n g l e  a t  th e  a p p ro p r ia te  d i s ta n c e  from  

c i s  s e le c t e d ,  and th e  a l ,  a l k ,  and fm v a lu e s  a re  p lo t t e d  w ith in  t h i s  

t r i a n g le  i n  th e  norm al way f o r  t r i a n g u l a r  d iag ram s. The c v a lu e  i s  

w r i tte n  b e s id e  th e  p lo t  to  in d i c a t e  in  w hich t r i a n g l e  i t  l i e s .

I t  can  be seen  from F ig . 23 t h a t ,  hav in g  r e g a rd  t o  th e  c v a lu e s ,  th e r e

is  a t r e n d  away from  fm and c and to w ard s a lk .
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Qz v a lu e s  have been  c a lc u la te d  from  th e  N ig g li  v a lu e s ,  and th e s e  

show a g e n e ra l  p ro g re s s io n  from  m egative  v a lu e s  to  p o s i t i v e  v a lu e s  w ith  

tim e . T h is  in d ic a te s  t h a t  s i l i c a  was r e l a t i v e l y  d e f i c i e n t  in  e a r ly  members, 

and e x p la in s  why q u a r tz  was a b le  t o  form  in  th e  l a t e r  members.

A no ther e x p re s s io n  o f th e  s i l i c a  s a tu r a t i o n  of th e  d i o r i t e s  i s  g iv en  

by th e  GIPW norms (se e  T a b le s  13 and lA ) . These a re  p re s e n te d  g ra p h ic 

a l l y  on a  doub le  t r i a n g u l a r  d iagram  ( a f t e r  L a rs e n , 193&) in  F ig .  2A*

I t  can be seen  t h a t  th e  K o b b e rf jo rd  n o r i t e  and th e  H av n e fjo rd  d i o r i t e  

l i e  p r i n c i p a l l y  w ith in  th e  u n d e r s a tu r a te d  f i e l d  o f s i l i c a  d e f ic ie n c y ,  

w hile  th e  l a t e r  d i o r i t e s  (w ith  th e  e x c e p tio n  o f one p y ro x e n e -m ic a -d io r i te ) 

l i e  w ith in  th e  s a tu r a te d  f i e l d .  The t i e - 1 i n e s  o c c a s io n a l ly  c r o s s ,  b u t 

th ey  m a in ta in  a  g e n e r a l ly  su b -p a r  a l]. e l  o r i e n t a t i o n ,  and a l i n e  approxim 

a te ly  p e rp e n d ic u la r  t o  th e  t i e - l i n e s  g iv e s  th e  t r e n d  o f th e  s e r i e s .

There i s  a c l e a r  t r e n d  away from  th e  b a s ic ,  u n d e r s a tu r a te d  r e g io n s  tow ards 

th e  a l k a l i n e ,  s a tu r a te d  a r e a s .  The f a c t  t h a t  e a r ly  members o f  th e  s e r i e s  

are  u n d e r s a tu r a te d  i s  p ro b a b ly  co n n ec ted  w ith  th e  r e l a t i v e l y  low  a l k a l i -  

ILne in d e x  o f th e  s u i t e .

N e ith e r  th e  V atna gabbro  n o r th e  p e r t h o s i t e s  ap p ea r to  be members 

of th e  d i o r i t e  s u i t e ,  s in c e  th e y  f a l l  o f f  th e  g e n e ra l  t r e n d s .  An a l t e r 

n a tiv e  a f f i n i t y  f o r  th e  p e r t h o s i t e s  may be found  in  th e  s y e n i t i c  ro c k s  

of th e  c a r b o n a t i t e  a s s o c i a t i o n  in  th e  B re iv ik b o tn  a lk a l in e  com plex o f 

^ / r /y  ( S tu r t  and Ramsay, I 9 6 5 ) .  F ig .  25 i s  ta k e n  from  S t u r t  and Ramsay 

(op. c i t . ,  F ig .  6 9 ) ,  upon w hich th e  p e r t h o s i t e s  have been  p l o t t e d .

Although th e  p e r t h o s i t e s  a r e  a  l i t t l e  r i c h e r  i n  SiÛ2 th a n  th e  B r ie v ik b o tn

s y e n ite s , th e  re m a in in g  p l o t s  f a l l  n e a r  t o  th e  c u rv e s . T h is  su g g e s ts
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t h a t  th e  p e r th o s i t e s  may have a f f i n i t i e s  w ith  an a lk a l in e  s u i t e  o f which 

th e  n e p h e l in e - s y e n i te  p e g m a tite s  a t  V atna m ight be members. U n fo r tu n a te ly , 

a n a ly s e s  o f th e se  l a t t e r  ro ck s  a re  n o t a v a i la b le .

F e ld sp a r  A nalyses

Ka.ior E lem ents

The t r e n d  away from ca lc ium  tow ards th e  a l k a l i s  t h a t  was n o ted  

in  th e  d a ta  from  th e  whole ro ck  a n a ly s e s  i s  r e f l e c t e d  in  th e  f e ld s p a r s  

in  th e  d i o r i t e s .  The Or-Ab-An v a lu e s  o f c o e x is t in g  K -fe ld s p a r  and p la -  

g io c la s e  in  th e  d i o r i t e s  have been p lo t t e d  on a t r i a n g u l a r  diagram  (F ig . 

26 ) .  The t i e - l i n e s  a re  s u b p a r a l l e l ,  and th e  t r e n d  in d ic a te s  t h a t  th e  

h o s t  ro ck  co m p o sitio n  became more a lk a l in e  w ith  tim e . T h is  f a c t  i s  f u r 

th e r  su p p o rte d  by F ig . 27 which shows t h a t  th e re  i s  a  d e c re a se  in  no rm ative  

An r e c ip r o c a l  w ith  an in c re a s e  in  Ab and Or in  th e  h o s t  ro c k s .

The p a r t i t i o n  c o e f f i c i e n t  o f Na20 betw een c o e x is tin g  K -fe ld s p a r  and 

p la g io c la s e  i s  i l l u s t r a t e d  in  F ig , 28. The ^ ^ 2 ^ p la g /^ ^ 2 * ^ -fe ld  r& tio  

i s  alw ays g r e a te r  th a n  u n i ty ,  b u t changes from  one ro c k -ty p e  to  a n o th e r . 

These changes a re  n o t r e c ip ro c a te d  betw een K -fe ld s p a r  and p la g io c la s e ;  

only th e  p la g io c la s e  Na^O c o n c e n tra t io n s  a l t e r  s ig n i f i c a n t l y ,  th o se  of 

th e  K -fe ld s p a r  rem ain in g  ro u g h ly  c o n s ta n t .  N e ith e r  a re  th e  changes 

p ro g re s s iv e ,  b u t make a  r e v e r s a l  w ith  th e  p y ro x e n e -m ic a -d io r i te s  hav ing  th e  

h ig h e s t  Na2Û c o n te n t in  p la g io c la s e .

An e x p la n a tio n  o f t h i s  f e a tu r e  may be found in  th e  v a r i a t io n  d iag ram s, 

F ig s . 20 and 22. In  th e s e ,  th e  Na20 cu rv es  have a peak in  th e  p y roxene-
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- m ic a - d io r i t e s  in d ic a t in g  t h a t  th e s e  ro c k s  a re  r i c h  in  sodium . The 

o n ly  s i g n i f i c a n t  so d iu m -b earin g  m in e ra ls  in  th e  d i o r i t e s  a re  f e l d s p a r s ,  

so i t  i s  r e a s o n a b le  t o  e x p e c t t h a t  p r a c t i c a l l y  a l l  th e  sodium h a s  been  

u sed  in  th e  f e l d s p a r s ,  w hich th e r e f o r e  r e f l e c t  th e  sodium p eak . The 

f a c t  t h a t  t h i s  peak i s  o n ly  shown in  th e  p la g io c la s e  p o s s ib ly  in d ic a te s  

t h a t  sodium e n te r s  th e  p la g io c la s e  l a t t i c e  more r e a d i l y  th a n  t h a t  o f 

th e  K - fe ld s p a r .

The t h e o r e t i c a l  minimum te m p e ra tu re s  o f fo rm a tio n  o f th e  c o e x is t in g  

f e ld s p a r s  have been  d e te rm in e d  from  th e  g raph  in  B a rth * s  p a p e r  on th e  

tw o - fe ld s p a r  therm om eter (B a r th , 1 9 6 2 ), and th e  r e s u l t s  a r e  p re s e n te d  

in  T ab le  19. A lthough  o n ly  l i t t l e  d a ta  a re  a v a i l a b l e ,  a  c o n s id e ra b le  

s c a t t e r  i s  a p p a re n t ,  and th e  meaning o f  th e  te m p e ra tu re s  a p p e a rs  t o  be 

am biguous.

I t  i s  im probab le  t h a t  ch em ica l e q u i l ib r iu m  was m a in ta in e d  c o n s ta n t  

th ro u g h o u t th e  su b seq u en t r e g io n a l  metam orphism  t h a t  th e  ro c k s  have 

u n d erg o n e , and i t  i s  l i k e l y  t h a t  th e  K/Na and Na/Ca r a t i o s  would have 

a l t e r e d .  Thus any te m p e ra tu re s  re c o rd e d  in  such  ro c k s  a re  e q u iv o c a b le .

In  th e  p r e s e n t  c a s e ,  i t  i s  p o s s ib le  t h a t  te m p e ra tu re s  around  700^0. 

may r e p r e s e n t  a  minimum te m p e ra tu re  o f c r y s t a l l i z a t i o n  o f  th e  o r ig i n a l  

f e ld s p a r s  i n  th e  d i o r i t e ,  b u t  th e  low er te m p e ra tu re s  can n o t do so , and 

th e  m eaning o f th e s e  i s  u n c e r t a in .

Thus i t  w ould ap p ear t h a t  th e  tw o - fe ld s p a r  th erm o m eter, when a p p l ie d  

to  m etam orphosed ig n eo u s r o c k s ,  i s  p ro b a b ly  o n ly  c a p a b le  o f g iv in g  a 

minimum te m p e ra tu re  o f fo rm a tio n  o f  th e  ro c k s ,  a l th o u g h  even t h i s  m igh t

have been  o b l i t e r a t e d  by su b se q u en t m etam orphism .
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T race  E lem ents

The t r a c e  e le m ts  Ba, Rb, and Sr have been  d e te rm in e d  in  th e  co

e x i s t i n g  f e l d s p a r s .  The r e l a t i o n s h i p s  betw een each  o f th e s e  e lem en ts  

and a ls o  t h e i r  r e l a t i o n s h i p s  t o  th e  m ajo r e lem en ts  have b een  s tu d ie d ,  

and th e  r e s u l t s  a re  p re s e n te d  below . In  each  case  i t  i s  found  t h a t  th e  

t r e n d s  o b se rv ed  in  th e  whole ro c k  a n a ly s e s  and in  th e  m ajo r e lem en ts  

o f th e  f e ld s p a r s  a re  r e f l e c t e d  in  th e  t r a c e  e lem en ts  i n  th e  f e ld s p a r s .  

T here i s  a  p ro g re s s iv e  s e r i e s  from  th e  Havnef j  o rd  d i o r i t e  t o  th e  q u a r t  z -  

d i o r i t e s ;  th e  p la g io c la s e  in  th e  K o b b e rfjo rd  n o r i t e  h as  n o t been  a n a ly se d , 

A gain  i t  i s  found  t h a t  th e  e a r ly  d i o r i t e s  cause a  r e v e r s a l  o f  th e  t r e n d ,  

c o n firm in g  th e  s u g g e s t io n  t h a t  th e y  do n o t belong  t o  th e  m ain d i o r i t e  

s u i t e .

G raphs o f th e  p a r t i t i o n  c o e f f i c i e n t s ,  showing how th e  e lem en ts  

d i s t r i b u t e  th em se lv es  betw een th e  c o e x is t in g  K -fe ld s p a r  and p la g io c la s e ,  

a re  p r e s e n te d  in  F ig s .  29-31»

The ^^K -fe ld '^^^p lag  ^ a t i o  i s  v e ry  n e a r  t o  u n i t y ,  w ith  a  s l i g h t  

in c re a s e  in  th e  q u a r t z - d i o r i t e s  (F ig . 2 9 ) . S r^* h a s  th e  same io n ic  

charge  a s  Oa^*, b u t h a s  an  io n ic  r a d iu s  (1 . 13^) in te rm e d ia te  betw een  

"̂*”(1 .3 3 ^ )  on th e  one hand , and Na'*’(0.95-S) and Ga^^(0.99-^) on th e  o th e r .  

(A ll io n ic  r a d i i  w hich a re  q u o ted  a re  th o s e  d e te rm in ed  by P a u lin g  -  see  

Got to n  and W ilk in so n , 1962, p . 4.3» The u se  o f th e s e  r a d i i  i s  recommended 

by A hrens, 1 9 5 2 ). A ll  th e s e  io n s  have s im i la r  e l e c t r o n e g a t i v i t i e s  

(K = 0 , 8 ,  Na'*’ = 0 .9 ,  Ga^^ = 1 .0 ,  Sr̂ "*" = 1 .0 ;  e l e c t r o n e g a t i v i ty  v a lu e s  

a re  a l s o  P au lin g *  s ) ,  and th u s  G oldschm idt * s r u l e s  o f  d iad o ch y  a r e  l i k e l y

to  be a p p l ic a b le  (Ringwood, 1 9 5 5 ). I t  i s  to  be e x p ec ted  th e n  t h a t  S r
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2+
woiild r e p la c e  b o th  in  th e  K -fe ld s p a r  l a t t i c e  and Ga in  th e  p la g io 

c la s e  l a t t i c e  w ith  equs2 r e a d in e s s .  Hence th e  eq u a l d i s t r i b u t i o n  of Sr 

betw een th e  c o e x is t in g  f e ld s p a r s .

In  th e  ca se  o f Ba and Rb th e  d i s t r i b u t i o n  i s  more i r r e g u l a r ,  b u t 

i s  s tr o n g ly  b ia s e d  in  fav o u r o f K - fe ld s p a r .  The ^9-X-feld^^®'plag 

i s  ap p ro x im a te ly  15 (B ig . 30 ) and th e  ^ b ^ -fe ld '^ ^ ^ p lag  ^ ^ t io  i s  ab o u t

12 (F ig . 3 1 ). A gain , th e se  io n s  have s im i la r  e l e c t r o n e g a t i v i t i e s  to
2+ +

th o se  of th e  r e le v a n t  io n s  in  th e  f e ld s p a r s  (Ba = 0 .9 ,  Rb = 0 .8 ) .  

However, th e  io n ic  r a d iu s  o f Ga^ d i f f e r s  from th o se  o f B a^ ^ (l.3 $ ^ )  

and Rb’*’( l . 4B^) by more th a n  15^ , and t h i s  makes i t s  rep lacem en t by

Ba^* and Rb**" d i f f i c u l t ,  in  s p i t e  o f th e  f a c t  t h a t  Ba^ h as  th e  same
+ + 2"*" 

io n ic  c h a rg e . Rb h as  th e  same charge as  K , and Ba h a s  a v e ry  s im i la r

io n ic  r a d iu s ,  and th u s  i t  i s  t o  be ex p ec ted  t h a t  th e s e  e lem en ts  a re

c o n c e n tra te d  in  th e  K -fe ld sp sT s .

A ccording  to  B a rth  ( I 96I ) , th e  c o e f f i c i e n t  o f d i s t r i b u t i o n  depends 

upon th e  te m p e ra tu re . Both Ba and Sr p r e f e r  th e  K - fe ld s p a r  l a t t i c e  a t  

h ig h  te m p e ra tu re s  and th e  p la g io c la s e  l a t t i c e  a t  low te m p e ra tu re s . In  

th e  ca se  o f S r , th e  te m p e ra tu re  a t  which th e  d i s t r i b u t i o n  r a t i o  i s  

u n i ty  i s  450^0 . a c c o rd in g  to  B a rth . H a l l  ( I 967) ,  how ever, has found th a t  

in  th e  R osses com plex, w hich i s  b e l ie v e d  t o  be o f igneous o r ig in ,  p la 

g io c la s e  has 30^ more Sr th a n  K - fe ld s p a r ,  im plying  t h a t  S r b eg in s  to  

be in c o rp o ra te d  a t  te m p e ra tu re s  above 450%»

The c o n c e n tra t io n s  o f Rb, Ba, and Sr in  th e  K -fe ld sp a r  have been 

p lo t te d  a g a in s t  each o th e r ,  and s im i la r ly  th o se  in  th e  p la g io c la s e .

I t  was found t h a t  th e  t r e n d s  in  th e  K -fe ld s p a r  were b ro a d ly  sy m p ath e tic
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w ith  th o se  in  th e  p la g io c la s e ,  so a summary o f th e  d a ta  has been  p re 

se n te d  by p lo t t i n g  th e  t o t a l  c o n c e n tra t io n s  o f Rb, Ba, and Sr in  b o th  

f e ld s p a r s  a g a in s t  each o th e r  (F ig s .  32 -  3 4 ). The in d iv id u a l  t r e n d s  

w ith  r e s p e c t  to  tim e a re  summarized in  Table 20,

In c re a s e s  in  th e  a b s o lu te  amounts o f Rb and d e c re a se s  in  th e  amounts 

o f S r w ith  in c re a s e  o f f r a c t i o n a t io n  have been r e p o r te d  in  K -fe ld s p a rs  

by H e ie r  and T ay lo r (1959&) and by Sen, h o ck o ld s , and A lle n  (1 9 5 9 ), 

and in  p eg m a tite s  by T a y lo r , Em eleus, and E xley (1956). However, th e  

l a t t e r  w orkers and H e ie r  and T a y lo r (o p .c i t . ) r e p o r t  a d e c re a se  in  th e  

Ba c o n te n t ,  which i s  c o n tra ry  to  th e  case  o b ta in in g  in  th e  p r e s e n t  s tu d y . 

H e ie r  and T a y lo r (o p .c i t . )  a l s o  f in d  th a t  th e  B a/Sr r a t i o  d e c re a se s  

w ith  tim e , w hereas in  th e  p r e s e n t  case  i t  in c r e a s e s .

I t  c a n  b e  s e e n  f r o m  t h e  su m m ary  i n  T a b l e  2 0  t h a t  i n  a l l  c a s e s ,  i . e .  

K - f e l d s p a r ,  p l a g i o c l a s e ,  a n d  t o t a l ,  t h e r e  i s  a n  i n c r e a s e ,  w i t h  r e s p e c t  

t o  t i m e ,  i n  t h e  r a t i o s  R b /B a ,  R b / S r ,  a n d  B a / S r .  T h e s e  t h r e e  f a c t s  c o n 

s i d e r e d  i n  c o n j u n c t i o n  p r o v i d e  t h e  i n f o r m a t i o n  t h a t  R b i s  m o s t l y  c o n 

c e n t r a t e d  i n  t h e  l a t e r  r o c k s ,  S r  i s  m o s t  a b u n d a n t  i n  t h e  e a r l i e r  r o c k s ,  

a n d  B a o c c u p i e s  a n  i n t e r m e d i a t e  p o s i t i o n .  T h i s  m e a n s  t h a t  S r  w a s  t h e  

f i r s t  o f  t h e  t h r e e  t o  e n t e r  t h e  f e l d s p a r s ,  f o l l o w e d  b y  B a ,  a n d  t h e n  

b y  R b .

The e x p la n a tio n  f o r  t h i s  p ro b ab ly  l i e s  p r in c ip a l ly  in  a com bination  

of th e  e f f e c t s  o f io n ic  ch arg e  and io n ic  r a d iu s ,  s in c e  a l l  th e  io n s  

in v o lv ed  have s im i la r  e l e c t r o n e g a t i v i t i e s .

In  th e  case  o f p la g io c la s e ,  where Ga i s  th e  elem ent which i s  

p r in c ip a l ly  r e p la c e d ,  i t  i s  c l e a r  t h a t  Sr^‘‘‘ a re  th e  most fav o u red  io n s
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TABLE 2 0

SUIII'IARY OF TRELDS IN TRACE SLÊ >IBNTS 

IK COEXISTIKG FELDSPARS IK DIORITES

Elem ent K -fe ld sn ax P la g io c la se T o ta l

Rb

S r

Ba

R a tio

Rb/Ba

R b/Sr

B a/S r

in c re a s e  

s l i g h t  in c re a se  

in c re a s e

in c re a s e

in c re a se

s l i g h t  in c re a se  

d ec rease  

s l i g h t  in c re a se

s l i g h t  in c re a se  s l i g h t  in c re a se

in c re a se

in c rea se .

in c re a se  

s l i g h t  d e c re a se  
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f o r  in c o r p o ra t io n  s in c e  th e y  have th e  s m a lle s t  io n ic  r a d iu s  and a ls o  

have th e  same ch arg e  a s  Thus Sr^* w i l l  be th e  f i r s t  o f th e  th r e e
2't'

t o  be in c o r p o ra te d .  Ba h a s  th e  n e x t l a r g e s t  r a d iu s  and h as  th e  same

ch a rg e  a s  Ga , so i t  i s  t o  be e x p e c ted  t h a t  Ba w i l l  be in c o rp o ra te d

n e x t ,  and Rb’*’ l a s t  o f  th e  t h r e e .  E n try  o f Sr^* and Ba^+ in  e a r ly  s ta g e s

w ere p ro b a b ly  a l s o  f a c i l i t a t e d  by th e  more open, d is o r d e r e d  s t r u c tu r e

o f th e  f e ld s p a r s  a t  h ig h  te m p e ra tu re s  (S en , I 96O; B ray , 1 9 4 2 ).

The same law s p ro b a b ly  h o ld  good in  th e  ca se  o f th e  K - f e ld s p a r s .

2+  2+S r and Ba a re  b o th  d iv a l e n t ,  and w i l l  e n te r  th e  K - fe ld s p a r  l a t t i c e

e a r ly  a t  th e  expense o f  u n iv a le n t  K'*’ (H e ie r  and T a y lo r , 1 9 5 9 a ) . However, 

2+S r i s  th e  more fa v o u re d  io n  due to  i t s  sm a lle r  io n ic  r a d i u s ,  and w i l l

t h e r e f o r e  e n te r  f i r s t .  Rb’*’ can  a ls o  e n te r  K'*’ s i t e s  in  K - f e ld s p a r s ,  b u t

i t s  e n t r y  g iv e s  p reced en ce  t o  th e  d iv a le n t  Ba^’*’ (H e ie r ,  I 962 ).. The

la r g e  io n ic  r a d iu s  o f  Rb'*’ g u a ra n te e s  t h a t  i t  does n o t e n te r  th e  K - fe ld s p a r

l a t t i c e  u n t i l  th e  l a t e r  s ta g e s  (T ay lo r and H e ie r ,  I 96O ).

H e ie r  and T a y lo r  ( l9 5 9 a )  m a in ta in  t h a t  th e  bond s t r e n g th  o f  th e

e lem en ts  i s  im p o r ta n t .  They f in d  t h a t  th e  B a /S r r a t i o  in  K - fe ld s p a rs

d e c re a s e s  w ith  in c r e a s e  in  f r a c t i o n a t i o n ,  and c o n s id e r  t h a t  t h i s  i s  due
2+

t o  th e  p r e f e r e n t i a l  a c c e p ta n c e  o f Ba b ecau se  i t  form s a more io n ic  

bo nd w ith  0^“  th a n  does 8r ^ * .  However, in  th e  p r e s e n t  s tu d y , th e  B a/S r 

r a t i o  in c r e a s e s ,  in d ic a t in g  a  p r e f e r e n t i a l  a c c e p ta n c e  o f S r^ ’*’. Ba^’*’

has a  lo w er e l e c t r o n e g a t i v i t y  (O .9 ) th a n  Sr^’*’ ( l .O )  and w ould th u s  te n d  

to  be p r e f e r e n t i a l l y  in c o rp o ra te d  to  form  a  more io n ic  bond. However, 

i t  would seem in  t h i s  p r e s e n t  c a se  t h a t  th e  d i f f e r e n c e  in  e l e c t r o n e g a t i v i t y

i s  n o t s u f f i c i e n t  t o  p re v e n t  th e  sm a lle r  s iz e  o f Sr^* from  ta k in g
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2+
p re c e d e n c e , e n s u r in g  an e a r ly  e n t r y  f o r  S r • A cco rd in g  to  Ringt/ood 

(1955 ) ,  p ro v id e d  th e  d i f f e r e n c e  i n  e l e c t r o n e g a t iv i ty  does n o t exceed  

1 , G oldschm id t * s r u l e s  o f d iad o c iiy  shou ld  a p p ly , a s  seen  in  th e  p r e s e n t  

c a s e .

Each o f  th e  t r a c e  e lem en ts  Ba, Rb, and Sr have b een  p lo t t e d  a g a in s t  

each  o f  th e  m ajo r e lem en ts  K, Ka, and Ga, th e  r e s u l t s  b e in g  p re s e n te d  

i n  F ig s .  35 -  40. I t  can be seen  from  th e  g raphs t h a t  in  th e  c a se  o f  

p l a g io c l a s e ,  th e r e  i s  a  good c o r r e l a t i o n  betw een each  o f th e  t r a c e  

e le m e n ts  w ith  each  o f  th e  m ajo r e le m e n ts . In  th e  K - fe ld s p a r s  how ever, 

t h e r e  i s  o n ly  a m arked r e l a t i o n s h i p  betw een Rb and each  o f th e  m ajo r 

e le m e n ts . The t r e n d s  shown by th e  g rap h s  a re  summ arized in  T ab le  21.

An av e rag e  r a t i o  l i n e  h a s  been  draivn on each  g raph  a s  a  g u id e  t o  

th e  v a lu e s  o f th e  r a t i o s .  S in ce  on lo g a r i th m ic  g ra p h s , l i n e s  o f  v a ry in g  

r a t i o s  a re  r e p re s e n te d  by p a r a l l e l  l i n e s  h av in g  p o s i t iv e  g r a d ie n ts  a t  

45^ t o  th e  a x e s , i t  i s  su g g e s te d  t h a t  th e  r a t e  o f change o f th e  r a t i o s  

may be ju d g ed  by th e  a n g le  w ith  w hich th e  l i n e  o f th e  t r e n d  i n t e r s e c t s  

th e  r a t i o  l i n e s .  Thus th e  r a t i o s  change a t  a  maximum r a t e  in  s e r i e s  

w hich t r e n d  p e rp e n d ic u la r ly  t o  th e  r a t i o  l i n e s ,  and a t  a  minimum r a t e  

(z e ro )  i n  a  s e r i e s  t r e n d in g  p a r a l l e l  t o  th e  r a t i o  l i n e s .  T h is  would 

mean t h a t  th e  K /Sr r a t i o  in  F ig .  36 in c r e a s e s  a t  th e  maximum r a t e ,  and 

t h a t  th e  G a/S r r a t i o  in  F ig .  40 d e c re a se s  a t  a  v e ry  slow  r a t e .

A lthough  t h i s  p r e s e n t  s tu d y  shows t h a t  in  p la g io c la s e  th e r e  i s  

a  good c o r r e l a t i o n  betw een th e  t r a c e  e lem en ts  and th e  m ajor e le m e n ts , 

s tu d ie s  by p re v io u s  w orkers  have been m ain ly  c o n c e n tra te d  on th e  r e la t io n r -

sh ip  betw een  S r and Ga. I n  b a s ic  ro c k s  i t  h a s  been  found  t h a t  a s  th e
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TABLE 2 1

SITi-a-iARY GF TRSEDS II: TRACE BLSI-IEIiTS AIID I-IAJOR 

BLSI'IB1:TS IE GOEXISTIEG feldspars IE DIORITES

R a tio

K/Rb

IC/Ba

K /S r

K- f e ld s p a r

d e c re a se

none

none

P la g io c la s e

d e c re a se

in c r e a s e

in c r e a s e

Na/Rb

Ha/Ba

N a/S r

d e c re a se

none

none

d e c re a se  

d e c re a se  

s l i g h t  in c re a s e

Ca/Rb

Ca/Ba

G a/S r

d e c re a se

none

none

d e c re a se  

d e c re a se  

s l i g h t  d e c re a se
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An c o n te n t  o f th e  p la g io c la s e  r i s e s ,  so th e  S r c o n te n t  f a l l s  (B u t le r  and 

S k ib a , 1962) .  A ccord ing  t o  Wager and M itc h e l l ,  1951, S r i s  m ost abun

d a n t in  in te rm e d ia te  p la g io c la s e ,  w hich i s  in  ag reem ent w ith  th e  c a se  

u n d e r  p r e s e n t  c o n s id e r a t io n  in  w hich th e r e  i s  a  d e c re a se  in  th e  S r con

t e n t  from  in te rm e d ia te  t o  more so d ic  p la g io c la s e .  I n  more a c id  ro c k s  

on th e  o th e r  h an d , i t  h as  been  shown t h a t  th e  S r c o n te n t  in c r e a s e s  w ith  

in c r e a s e  in  An c o n te n t  (S en , N ocko lds, and A lle n , 1959; H a l l ,  I 967 ) ,  

w hich i s  in  acco rd an ce  w ith  th e  p r e s e n t  s tu d y  ( se e  F ig .  4-0). In  f i g .

40 i t  can  be seen  t h a t  th e  G a/Sr i s  a lm o st c o n s ta n t ,  b u t  f a l l s  v e ry  

s l i g h t l y  w ith  d e c re a s e  in  Ga c o n te n t  ( i . e .  w ith  in c r e a s e  in  f r a c t i o n a t i o n ) .  

A s im i l a r  f e a tu r e  i s  r e p o r te d  from  a t e s c h e n i te  s i l l  i n  New S ou th  W ales 

by W ilk in so n , (1959)•

From t h i s  i t  w ould ap p ea r t h a t  th e  r e l a t i v e  s iz e s  o f Gâ "** and Sr^^ 

a re  n o t th e  o n ly  f a c t o r s  in v o lv e d  in  th e  s u b s t i t u t i o n  p r o c e s s ,  s in c e  th e  

r e s u l t s  a re  c l e a r l y  d i f f e r e n t  in  th e  b a s ic  ro c k s  and th e  a c id  ro c k s .

The p re se n c e  o f K - fe ld s p a r  c o e x is t in g  w ith  p la g io c la s e  in  th e  l a t t e r

m ust a c c o u n t f o r  t h i s  d i f f e r e n c e .  In  th e  c a se  o f  th e  b a s ic  ro c k s ,  a
2+ 2+

c e r t a i n  amount o f S r c o u ld  e n te r  Ga s i t e s  a t  h ig h  te m p e ra tu re s  ( i . e .

e a r ly  s ta g e s )  due t o  th e  more open s t r u c t u r e , b u t th e  s m a lle r  s iz e  o f th e  

Ga io n  e n s u re s  t h a t  Ga i s  th e  m ain e n t r a n t  in to  th e  l a t t i c e .  As 

f r a c t i o n a t i o n  p ro c e e d s , Ca '̂*’ w i l l  f r e e l y  e n te r  th e  l a t t i c e ,  le a v in g

a c o n c e n tr a t io n  o f Sr2+ a re  o n ly  c a p tu re d  a t  l a t e  s ta g e s  when

much o f  th e  Ca^‘*‘ h a s  been  e x h a u s te d . I n  th e  ca se  o f th e  more a c id  ro c k s ,  

how ever, th e  p re se n c e  o f K - fe ld s p a r  c a u se s  a  d i f f e r e n c e  i n  th e  c o u rse  o f 

e v e n ts .  A ga in , some Sr^'*’ w ould e n te r  th e  f i r s t - f o r m e d  p la g io c la s e  a t  Ca^"^
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s i t e s ,  and a s  th e  te m p e ra tu re  d ropped , l e s s  S r would e n te r  in  fa v o u r
2+

o f Ga so t h a t  th e  c o n c e n tr a t io n  of Sr in  th e  p la g io c la s e  would b e g in  

t o  f a l l  a s  f r a c t i o n a t i o n  p ro ceed ed  ( i . e .  w ith  f a l l  in  Ga; see  F ig .  / f i ) , 

By now, K - f e ld s p a r r i s  s t a r t i n g  t o  form , and th e  S r w hich i s  b e g in n in g  

t o  become c o n c e n tr a te d  in  th e  r e s id u e  i s  c a p tu re d  by th e  c o e x is t in g  

K - fe ld s p a r .  I t  o n ly  e n te r s  th e  Na'*’ s i t e s  w ith  d i f f i c u l t y  a t  f a i r l y  

e a r ly  s ta g e s  in  th e  K - fe ld s p a r  *s h i s t o r y ,  due t o  th e  sm a ll io n ic  r a d iu s  

o f Na’*’, and so  S r h a s  a  s im i la r  r e l a t i o n s h i p  w ith  Na a s  i t  does w ith  

Ga ( c f .  F ig s .  38 and 4-0). However, S r^^  w i l l  occupy K’*’ s i t e s  i n  th e  

K - fe ld s p a r  v e ry  r e a d i l y ,  b e in g  b o th  s m a lle r  and more h ig h ly  ch a rg ed .

Thus i t  w i l l  e n t e r  th e  K - fe ld s p a r  l a t t i c e  r a p id ly  t o  th e  e x c lu s io n  o f 

K"*" u n t i l  much o f  th e  S r^  h a s  been  u sed  u p , le a v in g  a c o n c e n tr a t io n  o f  

K"*" in  l a t e  s ta g e s ,  w hich th e n  e n te r s  th e  l a t t i c e  f r e e l y  w ith  a  r a p id  

in c r e a s e  in  th e  K /S r r a t i o  shown in  F ig .  36 .

In  th e  K - f e ld s p a r s ,  o n ly  Rb e ^ d iib its  a  good c o r r e l a t i o n  w ith  th e  

m ajo r e le m e n ts , p a r t i c u l a r l y  w ith  K. A com bined p l o t  o f  K/Rb r a t i o s  

in  c o e x is t in g  K - fe ld s p a rs  and p la g io c la s e s  i s  p re s e n te d  in  F ig .  4I .  

A h ren s, P in so n , and K earns (1952) d e te rm in e d  th e  a v e rag e  K/Rb r a t i o  in  

norm al ig n eo u s  ro c k s  a s  ab o u t 9 0 . In  th e s e  d e te r m in a t io n s , th e  s ta n d a rd s  

w hich were u se d  w ere G-1  and W-1 , w hich on su b seq u en t r e - a n a l y s i s  have 

g iv e n  d i f f e r e n t  v a lu e s  f o r  Rb. On r e c a l c u l a t i n g  th e  K/Rb r a t i o s  w ith  

th e  new v a lu e s ,  th e  av erag e  K/Rb r a t i o  f o r  norm al ig n eo u s  ro c k s  becomes 

a p p ro x im a te ly  24-0 (T a y lo r , E m eleus, and E x le y , 1 9 5 6 ). The 24-0 r a t i o  

l i n e  h a s  been  i n s e r t e d  on F ig .  41 , and i t  can  be seen  t h a t  i t  form s a 

good a v e rag e  f o r  b o th  f e ld s p a r s .  In  t h i s  exam ple, th e r e  i s  a  Rb
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en rich m en t b o th  in  a b s o lu te  te rm s  and w ith  r e s p e c t  t o  K. A s im i la r

f e a tu r e  i s  r e p o r te d  by H erz and D utre  (1966) , who f in d  t h a t  K/Rb r a t i o

v a ry  from  1,1B 0 in  g r a n o d io r i t e s  down t o  124 in  l a t e - s t a g e  g r a n i t i c

d i f f e r e n t i a t e s .  Rb en rich m en t i s  o f te n  found in  l a t e - s t a g e  g r a n i te s

and p e g m a tite s  (H e ie r ,  and T a y lo r ,  1959b; T a y lo r and H e ie r ,  I 96O ). T h is

i s  p ro b a b ly  a  f a i r l y  s t r a ig h t f o r w a r d  case  of th e  l a r g e r  io n ic  r a d iu s  o f

Rb p re v e n tin g  i t  from  e n te r in g  th e  K"̂  s i t e s  in  th e  l a t t i c e  u n t i l  th e

l a t e r  s ta g e s .  I t  would app e a r  t h a t  such a mechanism was p ro b a b ly  i n

o p e ra t io n  in  th e  p r e s e n t  c a s e .

I t  m igh t be m a in ta in e d  t h a t  b ecau se  b o th  K and Rb a r e  r a d io a c t iv e ,

th e  K/Rb r a t i o  would change w ith  th e  p assag e  o f tim e  s in c e  th e  fo rm a tio n

10
o f th e  r o c k s .  However, th e  h a l f - l i f e  o f  Rb ' i s  ab o u t 5 .9  x  10 y e a r s  

w hich  i s  f a r  g r e a t e r  even th a n  th e  age o f th e  e a r th ,  and th e  amount o f  

K^^ (w hich h a s  a h a l f - l i f e  o f ab o u t 1 .3  x  10^ y e a r s )  i s  v e ry  sm all (now 

ab o u t .0 1 1 ^  o f t o t a l  K ). Thus A h ren s, P in so n , and K earns (1952) con

s id e r  t h a t  th e  t o t a l  K / to t a l  Rb r a t i o  a s  d e te rm in e d  now in  ro c k s  i s  

v i r t u a l l y  th e  same a s  t h a t  when th e  e a r th  was form ed. I f  t h i s  i s  t r u e ,  

th e n  th e  K/Rb r a t i o  i n  th e  ro c k s  u n d er p r e s e n t  d is c u s s io n  m ust have 

rem ained  c o n s ta n t  s in c e  th e  tim e  o f t h e i r  fo rm a tio n , and th u s  th e  r e l a 

t i n g  o f t h e i r  K/Rb r a t i o s  t o  t h e i r  d i f f e r e n t i a t i o n  h i s t o r y  i s  p ro b ab ly  

v a l i d .

SmiARY

I n  summary, i t  can  be s t a t e d  t h a t  a l l  a s p e c ts  o f th e  c h e m is try  

of th e  d i o r i t e s  and n o r i t e ,  and some o f t h e i r  m in e ra ls  in d ic a te  t h a t
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th e  K o b b e rf jo rd  n o r i t e ,  H a v n e f jo rd  d i o r i t e ,  p y ro x e n e -m ic a - d io r i te s ,  

and q u a r t z - d i o r i t e s  form  a p e t r o lo g ic a l  s e r i e s .  The n a tu re  o f t h i s  

s e r i e s  and i t s  p o s s ib le  p e t r o g e n e s is  a re  c o n s id e re d  in  th e  n e x t se c tio n ^
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PETRQG ^SIS

I n t r o d u c t io n

The em placem ent o f  th e  H u s fjo rd  ig n eo u s com plex was a lo n g  and 

com plex e v e n t ,  w hich to o k  p la c e  d u r in g  th e  C aled o n ian  o rogeny . I t  i s  

n o t p ro p o sed  t o  d is c u s s  th e  p e tro g e n e s is  o f th e  com plex a s  a  w ho le , s in c e  

i t  seems u n l ik e ly  t h a t  th e  e n t i r e  com plex i s  descended  from  a  common 

so u rce  magma. R a th e r ,  th e  p e tro g e n e s is  o f  th e  p r in c ip a l  ro c k - ty p e  g roups 

w i l l  be c o n s id e re d  in  t u r n .

HUSFJQRD MSTAGABBRO

The e a r l i e s t  member o f th e  com plex, th e  H u s f jo rd  m etag ab b ro , i s  

s im i la r  m in é ra lo g ie a l l y  t o  th e  S to re lv  gabbro  and th e  B re iv ik b o tn  g ab b ro , 

which have been  d e s c r ib e d  by Stum pf and S t u r t  (1 9 6 5 ). These l a t t e r  

gabbros o ccu r a s  s h e e ts  in  n o r th e rn  and w e s te rn  S/Sr/5y, and were em placed 

a p p ro x im a te ly  synchronous w ith  th e  H u s f jo rd  m etag ab b ro , i .E .  a t  th e  end 

of th e  f o ld in g .

I t  seems re a s o n a b le  t o  s u g g e s t  t h a t  th e s e  g ab b ro s  were d e r iv e d  

from th e  same so u rce  body o f magma. I t  i s  p o s s ib le  t h a t  d u r in g  th e  F^ 

movements, a  l a r g e  body o f  b a s ic  o r  u l t r a b a s i c  magma was em placed in to  

deep l e v e l s  o f  th e  c r u s t .  T e c to n ic  f o r c e s  m igh t w e ll  have c r e a te d  sp aces  

a t  h ig h e r  l e v e l s  o f th e  c r u s t  i n to  w hich th e  magma co u ld  have e n te re d  

from below . Thus th e s e  gabbro  s h e e ts  p ro b a b ly  form ed by p e rm is s iv e  

em placement o f magma from  t h i s  common d e e p -s e a te d  so u rc e .
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ALKALIIIE ROCKS

The a lk a l in e  ro c k s  o f th e  a r e a  com prise  n e p h e l in e - s y e n i te  p e g m a tite s  

and p e r t h o s i t e s .  The l a t t e r  a re  f a i r l y  common in  th e  V atna a r e a ,  b u t 

th e r e  a re  o n ly  a few o c c u rre n c e s  o f th e  fo rm e r.

A ccord ing  t o  Smyth (1 9 1 3 ), a l k a l i  p e g m a tite s  a r e  th e  f i n a l  s ta g e  

in  th e  c o n c e n t r a t io n  o f  c e r t a i n  e lem en ts  from  a s u b a lk a l in e  magma from  

w hich a lk a l in e  magmas a re  l o c a l l y  d e r iv e d . N e p h e lin e -s y e n ite  p e g m a tite s  

from  H a l ib u r to n ,  O n ta r io , a re  a s c r ib e d  by Foye (1915) t o  th e  p n e u m a to li-  

t i c  s ta g e  o f th e  in t r u s io n  o f th e  L a u re n tia n  g r a n i t e ,  d e s ü i c a t i o n  o f  th e  

p e g m a tite s  b e in g  cau sed  by c o n ta m in a tio n  by l im e s to n e . N e p h e lin e -s y e n ite  

p e g m a tite s  a l s o  from  th e  H a lib u r to n r-B a n c ro ft a r e a  a r e  c o n s id e re d  by Osborne 

( I 93G) t o  be o f f s h o o ts  o f  a  l a r g e r  body o f n e p h e l in e - s y e n i te  w hich i s  

c lo s e ly  a s s o c ia te d  in  th e  f i e l d  w ith  l im e s to n e .

I t  i s  p o s s ib le  t h a t  th e  V atna n e p h e l in e - s y e n i te  p e g m a tite s  co u ld  

r e p r e s e n t  o f f s h o o ts  o f  an a lk a l in e  com plex w hich may u n d e r l ie  S / r / y .

The p re se n c e  o f  such  a  so u rce  o f a lk a l in e  m a te r ia l  i s  f u r t h e r  su g g e s te d  

by th e  o c cu rre n c e  o f  a lk a l in e  com plexes a t  B re iv ik b o tn  ( S tu r t  and Ramsay, 

1965) and D/^nnesf jo r d  (A p p ley ard , 1965) in  w e s te rn  and n o r th e rn  S / r / y .

The B re iv ik b o tn  com plex in c lu d e s  b o th  n e p h e l in e - s y e n i te  p e g m a tite s  and 

le u c o c r a t i c  p e r t h i t i c  s y e n i t e s ,  and i t  i s  c o n s id e re d  t h a t  th e  a lk a l in e  

ro ck s  o f  th e  V atna a r e a  a re  a s s o c ia te d  in  tim e w ith  th e  a lk a l in e  ro c k s  

of th e  B re iv ik b o tn  a r e a .

A lk a lin e  ro c k s  a r e  more commonly fo u n d  in  s ta b le  c r a to n ic  re g io n s  

th a n  in  o ro g e n ic  b e l t s .  The c l o s e s t  a n a lo g y  t o  th e  sy n o ro g en ic  a lk a l in e  

ro ck s  o f  S/5r/^y i s  p ro b a b ly  th e  a lk a l in e  com plex o f th e  H a lib u r to n -B a n c ro f t
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a r e a ,  O n ta r io ,  d e s c r ib e d  by Foye (1 9 1 5 ), Osborne (1 9 3 0 ), T i l l e y  (1 9 5 8 ), 

and T i l l e y  and 0 i t t i n s  ( I 96I ) . S t u r t  and Ramsay (1965) c o n s id e r  t h a t  

th e  a lk a l in e  ro c k s  o f S/6r/6y have been  d e r iv e d  from  a common d e e p -s e a te d  

p a re n t  magma, p o s s ib ly  a l k a l i  p e r i d o t i t e ,  by c r y s t a l l i z a t i o n  d i f f e r e n t i a 

t i o n  a lo n g  s e p a ra te  l i n e s  o f l i q u i d  d e s c e n t .

NORITE-DIORITE SERIES

The K o b b e rfjo rd  n o r i t e  and th e  m ain s u i t e  o f  d i o r i t e s  were em placed 

synchronous w ith  th e  F2 movements, a f t e r  th e  peak o f th e  r e g io n a l  m eta

m orphism .

The c h a r a c t e r i s t i c  m afic  m in e ra l o f  th e  n o r i t e  and m ost o f  th e  

d i o r i t e s  i s  h y p e rs th e n e . A ccord ing  t o  Bowen (1928, p . 208) th e  ten d en cy  

f o r  o rth o p y ro x en e  t o  form  from  a  b a s ic  magma sh o u ld  be em phasized  by 

th e  a s s im i l a t i o n  o f a lum inous se d im e n ts . G lose a s s o c ia t io n  betw een 

n o r i t e s  and a lum inous sed im en ts  have o f te n  been  r e p o r te d ,  p a r t i c u l a r l y  

in  th e  A b e rd e e n sh ire  g ab b ro s  (R ead, 1923, 1924, 1935, 1966; Read, 

S a d a s h iv a ia h , and Haq, 1 9 6 5 ).

F e a tu r e s  d e s c r ib e d  6y Read (1966) a re  v e ry  s im i la r  to  some o f  th e  

c h a r a c t e r i s t i c s  o f  th e  K o b b e rf jo rd  n o r i t e  and th e  pyroxene-m ica  d i o r i t e s .  

The o r th o n o r i te  d e s c r ib e d  by Read has two d i s t i n c t l y  d i f f e r e n t  ty p e s  o f 

in c lu s io n s ;  one k in d  a re  s h a rp ly -d e f in e d  x e n o l i th s ,  and th e  o th e r  a re  

f in e - g r a in e d  d i f f u s e  p a tc h e s  and s t r e a k s .

The fo rm er a r e  p e l i t i c  x e n o l i th s  w hich Read c o n s id e r s  t o  have had 

on ly  s l i g h t  r e a c t i o n  w ith  th e  magma. S i l i c a  and a l k a l i s  a re  th o u g h t t o  

have m ig ra te d  from  th e  x e n o l i th s  in to  th e  magma, and a lu m in a , l im e , and
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i r o n  o x id e s  in  th e  o p p o s ite  d i r e c t i o n .  The f in e - g r a in e d  d i f f u s e  in c lu 

s io n s  on th e  o th e r  hand have th e  same m in era lo g y  a s  th e  n o r i t e ,  and a re  

c a l l e d  by Read 'm ic r o n o r i te s * .  The n e ig h b o u rin g  n o r i t e  a p p e a rs  t o  be 

fo rm in g  from  th e  m ic ro n o r i te  i n c lu s io n s ,  in d ic a t in g  a  s tro n g  r e a c t i o n  

betw een th e  in c lu s io n s  and th e  magma.

There a re  no g ra d a t io n s  betw een th e  two ty p e s ,  and Read b e l ie v e s  

t h a t  th e  p ro c e ss  o f  c o n ta m in a tio n  took  p la c e  in  two s ta g e s  a t  d i f f e r e n t  

d e p th s .  He c o n s id e rs  t h a t  th e  m ic ro n o r i te s  were in c o rp o ra te d  e a r ly  a t  

d e e p e r  l e v e l s ,  and t h a t  th e  x e n o l i th s  were e n c lo se d  l a t e r  and n e a re r  th e  

r o o f .  Thus th e  magma co u ld  have been  co n tam in a ted  w ith  p e l i t i c  m a te r ia l  

b e fo re  i t  ro s e  t o  i t s  p ie  s e n t  p o s i t i o n ,  where i t  was f u r t h e r  m o d ifie d  by 

r o o f  m a te r ia l  now e v id e n t  a s  x e n o l i th s  ( s e e  a l s o  R ead, S a d a s h iv a ia h , and 

H aq, 1 9 6 5 ).

— The x e n o l i th s  in  th e  K o b b e rfjo rd  n o r i t e  a re  g e n e r a l ly  s h a rp ly -  

d e f in e d ,  and in  some c a s e s  a re  o n ly  j u s t  b e g in n in g  to  be a s s im i la te d  a t  

t h e i r  m a rg in s . I t  i s  su g g e s te d  t h a t  th e s e  a r e  an alo g o u s t o  th e  obvious 

x e n o l i th s  in  th e  In sc h  o r th o n o r i te  d e s c r ib e d  by Read ( I 966 ) , and t h a t  

th e  magma was a l r e a d y  n o r i t i c  when i t  a r r iv e d  a t  i t s  p r e s e n t  p o s i t i o n .

The f a c t  t h a t  many o f th e  x e n o l i th s  a re  p r im a r i ly  o f m ig m a tite , th e  

ro ck  o c c u r r in g  o u ts id e  th e  n o r i t e ,  su g g e s ts  t h a t  th e y  have a l o c a l  o r ig in ,  

A lthough t r u e  'm ic r o n o r i t e s ' w ere n o t found in  th e  K o b b e rfjo rd  n o r i t e ,  

p a tc h e s  e n r ic h e d  in  g a rn e t  may mark th e  s i t e s  o f e a r l i e r  a lum inous in c lu 

s io n s  i n  th e  magma w hich have become c o m p le te ly  a s s im i la te d .  Thus th e  

K o b b e rf jo rd  n o r i t e  may have a  s im i la r  o r ig in  t o  th e  o r th o n o r i te  d e s c r ib e d  

by Read (o p . c i t . ) .
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The l a t e  p jr ro x e n e -m ic a -d io r i te s  c o n ta in  an d es in e  p la g io c la s e  and 

p o ta sh  f e ld s p a r ,  b u t t h e i r  p r in c ip a l,  m afic  m in e ra l i s  h y p e r s th e n e ,  and 

th e y  show c e r t a i n  c h a r a c t e r i s t i c s  s im i la r  to  th o se  o f th e  o r th o n o r i te  o f 

Head (o p . c i t . ) .  These d i o r i t e  s h e e ts  c o n ta in  b o th  m e ta se d im en ta ry  

b lo c k s ,  w hich a re  o n ly  j u s t  b eg in n in g  t o  be a s s im i la te d ,  and many sm all 

f in e - g r a in e d  d i f f u s e  in c lu s io n s  a t  an  advanced  s ta g e  o f a s s im i l a t i o n .  

These d i f f u s e  in c lu s io n s  have a  v e ry  s im i la r  r e l a t i o n s h i p  t o  th e  d i o r i t e  

a s  R ead’ s m ic ro n o r i te s  do t o  h i s  o r th o n o r i t e .

I n  b o th  c a s e s ,  th e  in c lu s io n s  g rade  in to  th e  su rro u n d in g  ro c k , 

and t h e i r  m in e ra lo g y  i s  p r i n c i p a l l y  th e  same a s  t h a t  o f t h e i r  h o s t ,  

a lth o u g h  th e  d i o r i t e s  c o n ta in  p o ta sh  f e ld s p a r  in  a d d i t io n .  The h y p e rs -  

th e n e s  in  th e  o r th o n o r i te  and th e  d i o r i t e s  a re  s t r o n g ly  p le o c h r o ic ,  a s  

a re  th e  sm a ll h y p er s th e n e  s in  th e  in c lu s io n s  i n  b o th  ro ck  ty p e s .  Around 

th e  b o rd e rs  o f  some o f  th e  in c lu s io n s  in  th e  d i o r i t e s ,  a  rim  r i c h  in  

s t r o n g ly  p le o c h ro ic  hyp e r s th e n e  g ra in s  w ith  i n t e r s t i t i a l  and en v e lo p in g  

ore  i s  q u i t e  common, and Read d e s c r ib e s  a s im i la r  f e a tu r e  in  th e  m icro 

n o r i t e s .  Read a ls o  d e s c r ib e s  an i n t e r e s t i n g  t e x tu r e  in  th e  o r th o n o r i te  

a d ja c e n t  t o  th e  m ic ro n o r i te  w hich ap p e a rs  t o  be c lo s e ly  an a lo g o u s to  

th e  p y ro x e n e -p la g io c la s e  s y m p le c t i te s  and d a c t y l i t e s  t h a t  have been  

d e s c r ib e d  in  th e  p y ro x e n e -m ic a -d io r i te s  ( p . 2 0 2 ).

Read sums up  th e  r e l a t i o n s h i p  betw een m ic ro n o r i te  and o r th o n o r i te  

by c o n s id e r in g  t h a t  th e  m ic ro n o r i te  i s  b e in g  made o ver i n to  o r th o n o r i t e ,  

b u t s t a t e s  t h a t  t h i s  does n o t  n e c e s s a r i l y  mean t h a t  a l l  th e  o r th o n o r i te  

was form ed in  t h i s  way. I t  was seen  on p .211 t h a t  a  s im i la r  c o n c lu s io n  

had been  re a c h e d  co n ce rn in g  th e  r e l a t i o n s h i p  betw een th e  p y ro x en e-m ica-
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- d i o r i t e  and i t s  d i f f u s e  in c lu s io n s .  I t  a p p e a rs  t h a t  th e s e  in c lu s io n s  

a re  a l s o  b e in g  made over in to  th e  su rro u n d in g  ro c k , b u t a g a in ,  i t  i s  n o t 

p o s s ib le  t o  be s u re  how much o f th e  d i o r i t e  was form ed in  t h i s  way.

A lthough  th e  H a v n e fjo rd  d i o r i t e  c o n ta in s  some lo c a l ly - d e r iv e d  

r a f t s ,  i t  h a s  o n ly  a few  d i f f u s e  x e n o l i th ic  in c lu s io n s .  I f  any more 

f o r e ig n  m a te r ia l  had been  a s s im i la te d  a t  d e p th , i t  h a s  been  c o m p le te ly  

d ig e s te d  t o  form  a  f a i r l y  homogeneous ro c k .

C o n tam in a tio n  o f th e  q u a r t z - d i o r i t e s  i s  su g g e s te d  by th e  p re se n c e  

in  them o f  s p o ra d ic  g a rn e ts  w hich form  p a r t  o f  th e  ig n eo u s p a r a g e n e s is .  

P y ro g e n e tic  g a rn e ts  have been  r e p o r te d  in  g r a n i t i c  ro c k s  (Brammall and 

Harwood, 1932; P i t c h e r ,  1953b; C indy, 1953; H a l l ,  1965b) and from  v o l

c a n ic  s ( O l iv e r ,  1 9 5 6 ). Brammall and Harwood c o n s id e r  t h a t  s p o ra d ic  

a c c e s s o ry  g a r n e ts  in  th e  D artm oor G ra n ite  a re  due to  c o n ta m in a tio n  by 

m e ta se d im e n ta ry  c o u n try  ro c k s  o r b a s ic  ig n eo u s  r o c k s .  H a l l ,  on th e  

o th e r  h an d , can  see  no ev id en ce  f o r  a s s im i l a t i o n  o f c o u n try  ro c k s  to  

ac co u n t f o r  th e  g a rn e t  i n  th e  Donegal G ra n i te .  A n a ly s is  o f  th e  D onegal 

g a rn e ts  shows them  t o  be in te rm e d ia te  betw een alm andine and s p e s s a r t i t e ,  

and H a l l  c o n s id e r s  t h a t  a  h ig h  Mn/Pe+Mg r a t i o  would fa v o u r  th e  fo rm a tio n  

o f such  a g a r n e t .  He m a in ta in s  t h a t  a  h ig h  Mn/Pe r a t i o  te n d s  t o  be 

p r e s e n t  i n  l a t e - s t a g e  a c id  ro c k s  o f a  s e r i e s  b ecau se  Mn does n o t e n te r  

m u sco v ite  a t  e a r ly  s ta g e s .

In  th e  c a se  u n d er p r e s e n t  d is c u s s io n ,  i t  i s  n o t p o s s ib le  t o  make 

d e d u c tio n s  c o n c e rn in g  th e  c h e m is try  o f th e  g a rn e ts  a s  th e s e  have n o t 

been  a n a ly s e d , b u t  i t  can be s t a t e d  t h a t  th e  ro ck  i s  n o t  abundant in  

MnO (se e  T ab le  1 3 ) .  On th e  o th e r  hand f i e l d  ev id en ce  su g g e s ts  t h a t  th e
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q u a r t z - d i o r i t e s  c o u ld  have been  co n tam in a ted  by m e ta se d im e n ta ry  m a te r i a l ,  

and i t  i s  l i k e l y  t h a t  t h i s  h as  been  th e  cause  o f th e  fo rm a tio n  o f g a r n e t .

Thus i t  a p p e a rs  t h a t  th e  v a r io u s  members o f t h i s  s u i t e  o f  ro c k s  

have s u f f e r e d  c o n ta m in a tio n  by m e tased im en ta ry  m a te r ia l ,  and in  some 

c a s e s  can  a c t u a l l y  be seen  t o  be in c o r p o ra t in g  m e ta sed im en ta ry  in c lu s io n s .  

On th e  o th e r  h an d , s tu d ie s  o f  t h e i r  p e tro c h e m is try  show t h a t  th e  s e r i e s  

a p p e a rs  t o  form  a  p é tro g ra p h ie  s u i t e  w ith  smooth d i f f e r e n t i a t i o n  t r e n d s .

Nock o ld s  (19 /J.) found a  s im i la r  p arad o x  in  th e  G arab a l H i l l -G le n  

Fyne ig n eo u s  com plex. T h e re , th e  members o f th e  com plex l a y  a lo n g  smooth 

c u rv e s  in  L a rse n  v a r i a t i o n  d iag ram s, and ap p ea red  t o  form  a  d i f f e r e n t i a t i o n  

s e r i e s ,  a l th o u g h  some members had been  co n tam in a ted  by e a r l i e r  ro c k s .  

N ockolds c o n s id e re d  t h a t  th e  m ost l i k e l y  e x p la n a tio n  f o r  th e  fo rm a tio n  

o f  th e  s u i t e  was t o  invoke th e  in te rm e d ia te  p y ro x e n e -m ic a -d io r i te  a s  th e  

p a r e n t  magma. Those members o f th e  s e r i e s  more b a s ic  th a n  t h i s  were 

c o n s id e re d  to  be a c c u m u la te s , w hereas th o s e  w hich w ere more a c id  and 

l a y  a lo n g  th e  l i q u i d  d e s c e n t l i n e s  o f th e  v a r i a t i o n  d iag ram s were th o u g h t 

t o  have form ed by th e  s u b tr a c t io n  o f  th e  accu m u la tes  d u r in g  d i f f e r e n 

t i a t i o n .

I t  h a s  been  su g g e s te d  by R eynolds (1 9 3 5 ), how ever, t h a t  such  a 

s u i t e  o f ro c k s  co u ld  d ev e lo p  from  an u l t r a b a s i c  p a r e n t  magma of b i o t i t e -  

p y ro x e n ite  c o m p o s itio n . A ccord ing  t o  h e r ,  th e  u l t r a b a s i c  members o f th e  

s u i t e  would r e p r e s e n t  th e  p a r e n t  magma, w h i l s t  th e  o th e r  l e s s  b a s ic  

ro ck  ty p e s  a re  form ed from  th e  s y n te x is  o f  th e  u l t r a b a s i c  magma w ith  

sed im en ts  w hich have a l r e a d y  been  f e ld s p a th iz e d  by th e  magma's advance 

em anations..
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In the norite-diorite suite under present discussion, it can be 

seen in the field that each member of the series has been contaminated 

at least locally by metasediment. On the other hand they appear to be 

along smooth liquid descent lines of variation diagrams.

However, according to Brammal (1933), an assimilation-series between 

basaltic magma and granitic material would differ little, in composition 

at least, from a differentiation-series in the line of liquid descent 

of a basaltic magma. This applies to both variation diagrams and trends 

on triangular diagrams. Furthermore, Thomas and Smith (1932) describe 

a whole range of igneous rocks from G8te du Nord which appear to form a 

normal differentiation-series. They believe, however, that this suite 

of rocks is a result of hybridization in which olivine-norite, an early 

member of the series, contaminates granite formed at a later stage. 

Potash-rich quartz-mica-diorites are considered to be the latest products 

of hybridization, formed by potash contamination. Poldervaart and Elston 

(1954) maintain that a calc-alkaline series of igneous rocks is not 

produced by normal fractional crystallization of basaltic magma, but by 

assimilation, metasomatism, or partial melting of sialic material.

It would appear from the above that the fact that the members of 

a suite of associated rocks lie on smooth curves of variation diagrams, 

does not exclude the possibility that the series has arisen by a process 

of hybridization. In the case under present discussion, it is manifest 

that contamination has occurred, and it is suggested that the curves of 

the variation diagrams do not necessarily represent true lines of liquid 

descent of a pure magma. A petrogenesis involving hybridization as an
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alternative hypothesis, however, must account for the early formation 

of norite followed by the emplacement of a large body of diorite and 

smaller bodies of quartz-diorite. Furthermore, it must explain the peaks 

in the ^12^3 -̂nd Na^O curves in the variation diagrams in the Havnefjord 

diorite and the pyroxene-mica-diorites (Figs. 20 and 22). The proposed 

hypothesis is presented below.

It is suggested that during the peak of the regional metamorphism, 

which immediately preceded the emplacement of the norite-diorite complex, 

basic magma penetrated the base of the crust. As this magma soaked 

upwards, syntexis at the lower levels of the crust might have begun to 

take place, with crustal material becoming incorporated into the basic 

magma. Prolonged hybridization could have resulted in the formation of 

a large mass of fairly homogeneous magma of intermediate composition.

While this extensive soaking was proceeding, it is possible that in 

places the basic magma itself was intruded into the overlying region.

This basic magma would, by now, have been contaminated to a certain 

extent by crustal metasedimentary material, possibly resulting in a 

norite as described by Read (1923), Bowen (1928), and Gribble and O'Hara 

(I967I Significant factors concerning the Kobberfjord norite are that 

it is relatively heterogeneous with traces of digested inclusions remain

ing, and that the hypersthenes are not strongly pleochroic. These fea

tures suggest that the norite was formed at early stages in the contami

nation process before homogenization was achieved.

Meanwhile, the hybridization was continuing beneath, and the basic

magma was becoming progressively less basic until an intermediate.
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dioritic magma resulted. It is proposed that this large mass of dioritic 

magma was emplaced into the immediately overlying region as the Havne

fjord diorite. This body is fairly homogeneous and contains strongly- 

pleochroic hypersthenes, suggesting that prolonged hybridization had 

taken place.

According to Daly (1928), a syntectic magma could attain to approx

imate homogeneity and could differentiate prior to its ascent to higher 

levels in the crust. It is suggested that once this deep mass of dioritic 

magma had been generated, it was capable of giving rise to a differentiation- 

series. The first differentiate would have been the minéralogieally 

similar coarse pyroxene-mica-diorite, the coarseness of grain presumably 

reflecting a concentration of volatiles. These pyroxene-mica-diorites 

are commonly emplaced alongside the metasedimentary rafts and screens 

in the Havnefjord diorite, and have clearly assimilated a certain amount 

of pelitic material.

Later quartz-rich differentiates are represented by the coarse 

quartz-diorites which subsequently suffered slight contamination. The 

petrochemical evidence suggests that these quartz-diorites are highly 

fractionated rocks (p.2b2 ), and this probably accounts for the fact 

that they are not very abundant.

Thus the proposed hypothesis appears to account for the order of 

emplacement of the suite. It must, however, also explain the Al2Û^ and 

Na2Û peaks in the Havnefjord diorite and pyroxene-mica-diorites, and 

their high iron content.

According to Read (1923), the norite at Arnage gains alumina and
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alkalis and loses lime and magnesia by reaction with metasedimentary 

xenoliths* Assimilation of shales by granitic magma can also cause 

alkali-enrichment of the magma, especially soda-enrichment (Brammall,

1933). If diffusion of alkalis into a basic magma takes place, soda 

will be incorporated into the magma more readily than potash if the magma 

is rich in lime (Nockolds, 1933). The Havnefjord diorite and the 

pyroxene-mica-diorites are fairly rich in lime (see Table I3), and it is 

suggested that the high Na2Û and high Al20  ̂content of these two diorites 

is due to the large amount of pelitic material that the magma has assi

milated.

The system proposed above is similar to that described by Reynolds 

(1934, 193 5, 1936) for the Newry Ccmplex. However, in the present case, 

ultrabasic bodies associated with the suite appear to be lacking, and 

so it is not possible to say whether an ultrabasic magma such as biotite- 

pyroxenite was the probable originator of the series.

A mechanism of syntexis is preferred to one of anatexis of sialic 

material for the present case for three reasons. First, anatexis will 

not account for the formation of the norite as the first member of the 

series. Second, in axatexis the earliest melts to form should be granitic, 

and these are laoking in the Husfjord area, at least at the present erosion 

level. Third, introduction of a basic magma from beneath could provide 

extra heat to assist the process of syntexis.

Diorites are considered by some to be the coarse-grained equivalents 

of andésite, in spite of the fact that diorites are not very common,

whereas andésite is a very abundant lava. Although some diorites may
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have crystallized from an andesitic melt, possibly descended from a 

basaltic magma, majny diorites show evidence that they have formed by 

hybridization between acid and basic material.

Fig. 18 shows that the trends in the system (K20+Na20) - Total 

Fe - MgO of lavas in the calc-alkaline province are different from the 

trend due to differentiation of a basic magma (after Hatch, Wells, and 

Wells, 1961). The diorite suite under present discussion falls close to 

the former trend, and it is significant that the Havnefjcrd diorite lies 

near to the position of andésite on the trend line.

Andésites and diorites are closely associated with orogenic belts, 

where a great thickness of sialic material continues down to considera

ble depths in the crust. It is considered by many that andesitic melts 

could be generated at these depths either by anatexis of sial or syntexis 

of sial with basaltic or ultrabasic magma emplaced from beneath (Bud- 

dington, 1959; Hatch, Wells, and Wells, I96I; Mehnert and Busch, 1967; 
LeBas, 1967). Emanations rising from the mantle are probably an important 

factor in the heating up of the sial (Holmes, 1965).

Experimental work on the melting relationships of sediments has 

been carried out by Wyllie and Tuttle (i960, I96I). They show that the 

FT curve for the beginning of melting of shales is only about 20°d higher 

than the minimum melting curve of granite in the presence of water (see 

Fig. 43). According to Wyllie and Tuttle, a granodioritic melt is pro

duced at about 150^0. above the first melting.

The average geothermal gradient in geosynclinal regions has been 

measured as 30 C./lon. (Wyllie and Tuttle, I96O), and this curve has been
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added to Fig, A3, although Tuttle and Bowen (1953) consider that the 

gradient may steepen at a rate of about 6°G,/lon. with depth. Assuming 

a gradient of 30% . /km., shales should melt in the depth range of 

20 - 25 km. (Wyllie and Tuttle, I96O). It is deduced from the metamor- 

phic mineral paragenesis of the Husfjord rocks that the approximate 

depth of the regional metamorphism at its peak was in the order of 23 km., 

and the temperature in excess of 595%. (see p. 304 ). Thus it would 

appear reasonable that with the additional heat provided by the intro

duction of basic magma from beneath, dioritic rocks could have formed 

in S/r/y from the syntexis of sedimentary material at deep levels of 

the crust.

The minimum melting curves of granite and of alkali basalt (after 

Yoder and Tilley, 1962) have also been added to Fig. A3. The minimum 

melting curve of diorite presumably lies between the two, probably just 

over 150%. above the granite melting curve. It is concluded that the 

regional formation of a dioritic melt from syntexis of sialic material 

with basaltic magma is a possibility for the genesis cf diorites formed 

in orogenic belts.
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PART IV

l̂ETAMORPHISM
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I^AI40RPHISt̂ I 

Introduction

In the descriptive petrography, the mineralogy and textures that 

formed in the various rock types as a result of both contact -and regional 

metamorphic events were discussed. The textures of one phase of meta

morphism are often superimposed upon those of another, and by studying 

these relationships, a sequence of metamorphic and structural events in 

relation to the emplacement of the igneous complex can be determined.

Structural evidence shows that the rocks of this area underwent two 

major episodes of deformation, designated and F2. Pétrographie evi

dence indicates that these defoliation episodes were accompanied by regional 

metamorphism, and that periods of static regional metamorphism occurred 

between Fq_ and F2« It is considered that the metamorphic event was 

essentially a continuous process, reaching its peak between F-̂ and F2 

and waning during F2.

The Husfjord metagabbro was intruded during the last stages of the 

F]_ movements, and the remainder of the complex was emplaced during the 

F2 folding episode. The relationships between these igneous, structural, 

and metamorphic events are summarized in Fig. 42.

For the present study, the phases of metamorphism are considered in 

chronological order, under the following headings:

F^ syn-tectonic regional metamorphism 

Contact metamorphism due to Husfjord metagabbro

Post-F^, pre-F2 (static) regional metamorphism
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Contact metamorphism due to  ear ly  d io r ite s  

^2 sy n -tec to n ic  reg io n a l metamorphism 

Contact raetamorphisms due to  main igneous complex 

Post-F2 ( s t a t ic )  r eg io n a l metamorphism

F% SYII-TSCTQNIC REGIONAL liSTAI-iORH-IISM

The e a r l ie s t  F l fa b r ic  th a t has been recorded i s  th at preserved  

in  b a sic  sh eets  which have been deformed by la te r  phases o f F^. In th ese  

sh ee ts  a metamorphic s c h is t  os i t y  i s  fo ld ed  around i s o c l in a l  F]_ minor 

f o ld s .  The s c h is to s i ty  i s  not stron g ly  developed, but i s  d e lin ea ted  by 

hornblende which has formed from the a lte r a t io n  o f clinopyroxene.

R e lic t  F]_ fa b r ic s  occur in  some of the country rock s, p a r tic u la r ly  

in  the s e m i-p e l it ic  s c h is t s .  They are a lso  sometimes preserved w ith in  

the metasedimentary r a f t s  which have been enclosed by the Husfjord meta

gabbro and the Havnefjord d io r it e .

The F  ̂ s c h is t 08i t y  i s  d e lin ea ted  by la th s  of b io t i t e  and m uscovite. 

B io t it e  i s  by fa r  the more common mica, and when syn-F^ m uscovite does 

occur, i t  i s  o cca s io n a lly  seen to  be a lte r in g  to  b i o t i t e ,  p a r ticu la r ly  

along cleavage p lan es.

The b io t i t e s  freq u en tly  a lt e r  to  garnet, k yan ite , and s i l l im a n ite ,  

and th ese  m inerals overprint the F  ̂ s c h is t o s i t y ,  and seem to  have grown 

under s t a t i c  co n d itio n s . This in d ic a te s  th a t the Fq movements must have 

ceased before the growth o f th ese  m inerals.

Some of the p e l i t i c  r a f t s  w ith in  the Husfjord metagabbro contain
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a c t in o l i t e  which has a preferred o r ien ta tio n , forming what i s  probably 

an s c h is to s ity .

Occasionally the F^ schistosity, as delineated by orientated biotites, 

ê diibit slight deformation in the form of small folds and kinlcs.

The only instance where a la t e  syn-F^ metamorphism can be d is t in 

guished i s  in  the fin e -g ra in ed , s l ig h t ly  fo l ia te d  fa c ie s  of the Husfjord  

metagabbro. At the time of emplacement of th is  gabbro sh eet, the F% 

movements had p r a c tic a lly  ceased, and the metamorphism was increasing  in  

grade (see  F ig . / 2 ) .  In th is  f a c ie s  of the metagabbro, the clinopyroxene  

i s  a lte r in g  to  green hornblende, and the hornblende c r y s ta ls  show a 

s l ig h t  tendency to  have a preferred o r ien ta tio n . This fo l ia t io n  i s  not 

very marked, and was presumably formed during the la s t  stages of the F  ̂

deform ation.

F  ̂ sy n -tec to n ic  fa b r ic s  have been preserved in  the metasediments 

of the Lang strand area (Roberts, 1965) ,  p r in c ip a lly  as r e l ic s  w ith in  

la te r  porphyr o b la st ic  m inerals such as garnet and amphibole.

CONTACT METAMORPHISM DUE TO HUSFJORD METAGABBRO 

The mineralogy and textures formed in the metasediments during the 

F^ syn-tectonic metamorphism have been destroyed in places by the thermal 

effect of the Husfjord metagabbro*s intrusion.

In the country rocks that form the envelope to the metagabbro, it 

is the calc-silicate-schists that appear to have been the most sensitive

to thermal changes. The other metasediments have not been significantly
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altered.

Towards the contact with the metagabbro, a granoblastic hornfelsic 

texture is developed in the calc-silicate schists. Quartz, rounded grains 

of diopside, and occasional scapolite crystals are accompanied at the 

contact by buff-coloured garnet. In many cases, the hornfelsic texture 

has been overgrown by a later regional metamorphic fabric, and only 

remains as a relic.

Hornfelsing also occurs at the margins of the metasedimentary rafts 

enclosed by the metagabbro. The mineralogy of the calc-silicate-schist 

rafts is similar to that described above, but with the addition of phlogo- 

pitic biotite in some cases. Sometimes a relict schistosity is preserved 

in the pelitic schist rafts, but these rafts become completely hornfelsed 

at their margins. Quartz and feldspar form polygonal grains and biotite 

laths are orientated into a decussate pattern. A few of the pelitic schist 

rafts have microcline porphyr oblasts, and some of the more aluminium- 

rich pelites contain corundum.

POST-F] ,̂ PRE-F2 (STATIC) RSGIOm METAI-iORPHISH

Between the two major ep isod es of fo ld in g , there was a period o f 

s ta t ic  co n d itio n s , during which the metamorphic grade reached i t s  peak. 

This metamorphism i s  considered to  be a continuation  from the F% syn- 

te c to n ic  metamorphism, and rep resen ts a progressive increase in  pressure- 

temperature co n d itio n s , which did not begin to  wane u n t i l  sh ortly  before  

the F2 movements (see  F ig . 42).
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A sp ec ia l determ ination of metamorphic zones has not been p o s s ib le , 

but the mineralogy of the s e m i-p e lit ic  s c h is t s  in d ic a tes  th a t the meta

morphic grade a tta in ed  the sillim an ite-a lm andine su bfacies of the  

alm andine-amphibolite f a c ie s  (Turner and Verhoogen, I960).

Country Rocks

The period of r e c r y s ta l l iz a t io n  in  the country rocks under s ta t ic  

con d ition s i s  characterized  by the development of porphyroblasts. These 

include garnet, kyan ite , and s i l l im a n ite ,  and th e ir  tex tu res gen era lly  

in d ica te  th a t they have grown in  a s ta t ic  environment. O ccasionally  

kyanite has a s l ig h t ly  preferred o r ien ta tio n , and the s ig n if ica n ce  of 

t h is  w i l l  be d iscu ssed  below.

Garnet

None of the garnets examined showed tex tu re s , such as sigm oidal 

in c lu s io n  t r a i l s ,  to  suggest th at they grew sy n -te c to n ic a lly . In a l l  

cases they overgrow the s c h is to s ity  which i s  d e lin ea ted  p r in c ip a lly  

by b io t i t e  la th s . Almost in var iab ly , garnet forms equidim ensional gra in s, 

u su a lly  containing in c lu sio n s of b io t i t e  and quartz.

O ccasionally , garnets have been s l ig h t ly  augened, and in  one example 

enclosed  b io t i t e  la th s  are subperpendicular to  the s c h is to s ity  outside  

the garnet. These garnets have c le a r ly  su ffered  deformation and even 

r o ta tio n , and are thus pre^2*

Garnet i s  ubiquitous throughout the psammitic and se m i-p e lit ic  s c h is t s ,

and i t  i s  commonly seen to  be forming from b io t i t e .
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The n u cléation  of f ib r o l i t e  on some garnet porphyroblasts in d ica tes  

th a t garnet grew w hile the metamorphic grade was on the in crease . There 

i s  evidence, however, that some of the garnet grew w hile the metamorphism 

was on the wane. These garnets overprint kyanite fa b r ic s , and can some

tim es be seen forming from k yan ite , the la t t e r  o cca sio n a lly  occurring as 

ghost r e l ic s  w ith in  the garnet. I t  i s  c lear  that th ese  garnets p ost-d ate  

the Icyanites, which grew at the h igh est grades of metamorphism, and, 

th ere fo re , they must be of la t e r  o r ig in . In many c a ses , both Igranite 

and b io t i t e  appear to  contribute towards the form ation of these la te  

garnets. A s im p lif ie d  equation of the reaction  i s  probably as fo llo w s:

K20 . 6 (M g.Fe)0 .A l203.H20 . 6S i 02 + A l20^ .S iÛ 2 ^  
b io t i t e  kyanite

2[3(Kg.?e)0.Al203.3Si02l + KgO + SiOg + HgO 
garnet

Kyanit e and S illim a n ite

Kyanite and s i l l im a n ite  appear to  c o e x is t  sta b ly  in  many rocks, 

although ra re ly  kyanite i s  seen to  be r e c r y s ta l l iz in g  to  s il lim a n ite  at 

i t s  margins. From t h is  i t  may be deduced th a t the cond itions p reva ilin g  

in  t h is  reg ion  were near to  those at the k y a n ite /s il lim a n ite  s t a b i l i t y  

boundary.

Both kyanite and s i l l im a n ite  overprint the s c h is to s ity ,  and are 

gen era lly  randomly or ien tated . O ccasionally , kyanite porpliyroblasts have 

been augened by F2 movements. In one of the r a f t s  in  the Havnefjord 

d io r it e ,  kyan ite  forms rad ia tin g  aggregates which are overgrown by la te r  

garnets, but more u su a lly  such rad ia tin g  tex tu res are not formed. Many 

Icyanite porphyr o b la sts  are p o ik ilo b la s t ic , w ith in c lu sio n s of b io t i t e
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being common. Sometimes kyanite shows a s l ig h t  tendency to  have a pre

ferred  o r ie n ta tio n , and th is  suggests that growth may have continued  

in to  the beginning of the Fp movements (see  p .294 for  further d isc u ss io n ).  

S illim a n ite  gen era lly  occurs as knots and aggregates of small prism atic  

n eed les , but in  the m igm atites i t  a lso  occurs as f in e  f ib r o l i t e  along  

grain-boundar i e s .

Kyanite and s i l lim a n ite  both form from b io t i t e ,  the s il lim a n ite  

n u cleatin g  along the cleavage planes o f the b io t i t e .  Chinner (I96I) 

has described the a sso c ia tio n  of s i l l im a n ite  with b io t i t e  in  Glen Clova, 

Angus, but consid ers that the c o n stitu en ts  of the s i l l im a n ite  were not 

derived from the b io t i t e  but from nearby k yan ite, the b io t i t e  merely 

a ctin g  as a nucleus fo r  the grovrth of s i l l im a n ite .  In a la te r  paper, 

however, Chinner (I966) concedes th a t s i l l im a n ite  may form from b io t i t e .  

Watson (I94B) b e lie v e s  th a t s i l lim a n ite  has formed from b io t i t e  in  mig- 

m atized p e l i t e s  and se m i-p e lite s  of Kildonan, Sutherland, and P itcher  

(1965) considers th a t in  many cases tex tu ra l evidence fo r  the replacement 

of b io t i t e  i s  d i f f i c u l t  to  deny. Roberts (1965) has reported the form ation  

o f s i l l im a n ite  from b io t i t e  in  s c h is t s  from the Langstrand area o f S /r /y ,  

and in  the present ca se , the textu re suggests th at b io t i t e  i s  being 

rep laced by s i l l im a n ite .

Thus in  the country rocks, the s ta t ic  reg ion a l metamorphism i s  

characterized  by the growth of porphyr o b la sts  of garnet, k yan ite , and 

s i l l im a n ite  as the metamorphic grade in creased , and a re-growth of garnet 

porphyroblasts from kyanite and b io t i t e  as the grade began to  decrease.
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Igneous Rocks

The only igneous rocks th a t had been emplaced prior to  the s ta t ic  

period , and th erefore  a ffec ted  by th is  phase of the metamorphism, were 

the Husfjord metagabbro and some early  basic  sh ee ts .

The e f f e c t s  are b est shoim in  the Husfjord metagabbro, in  which the  

p r in c ip a l changes in  mineralogy involve the a lte r a tio n  of clinopyroxene  

in to  green hornblende and a corresponding decrease in  the anorth ite  con

te n t  of the p la g io c la se  from lab rad orite  to  andesine. These two a lte r 

a tio n s are probably lin ked  in  the fo llow in g  way:

CaO.FeO. 2(A l.F e) 2810g + 2[GaO.Al20o.2SioJ + ÔSiOj + HjO + 21'Ia'̂
clinopyroxene c a lc ic  p la g io c la se

2 C a 0 .5 (A l.F e )0 .H 2 0 .8 S i0 2  + (N a.iC a) 20 .A1^03 . :(gi02 + 
hornblende andesine

Apart from the areas where the metagabbro has a s l ig h t  f o l ia t io n ,  

the metamorphic textu re i s  c le a r ly  a s t a t ic  one, and r e l i c t  subophitic  

tex tu res are commonly preserved.

The form ation of the a c t in o li t e  in  the a c t in o l i t i c  fa c ie s  of the

metagabbro was probably formed a t a la te r  lower-grade stage of metamor

phism, and i s  d iscu ssed  in  the appropriate sec tio n  below.

H igm atization

The psammites and se m i-p e lite s  of the country rocks in  the south

west of the area have undergone migmatization# This was a ssoc ia ted  with  

the attainm ent o f the h igh est grades in  the pre-F2 s ta t ic  metamorphism,

and d e ta ile d  d escr ip tio n  and d iscu ssio n  of the m igm atites have been

reserved fo r  t h is  se c t io n .
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Feldspathization of the metasediments has occurred in the Langstrand 

area of S/,r/y (Roberts, 1965), and this took place at a late stage in the 

pre-F2 static metamorphism, Imch of northern and western S/r/y is oc

cupied by migmatites (Sturt, personal communication, but as yet these 

have not been described in detail.

The m igm atites in  the vn?iter*s area are p a r ticu la r ly  w ell d isplayed  

a t the northern end of Kobberfjord. The p r in c ip a l form taken by the  

m igm atites i s  th at of p h ie  b i t e ,  in  which fe ld sp a th ic  m aterial occurs 

as bands and strealcs p a r a lle l  to  the f o l ia t io n  planes of the metasediment, 

so th a t a ’mixed rock* (Sederholm, 1926) r e s u lt s .  Much of the p h leb ite  

appears to  be v e n ite , w hile s r t e r i te  may a lso  be present.

The fe ld sp a th ic  m aterial sometimes has a cro ss -cu ttin g  re la tio n sh ip  

to  the banding, forming d ia d y site  (P late  222). This fe ld sp a th ic  vein in g  

i s  more common in  the s e m i-p e lit ic  horizons than in  the massive psammites, 

presumably because the ve in s could penetrate the former more e a s i ly .

The ve in s them selves are commonly r ich  in  garnet (P la te  222) ,  and thus 

th ese  garnets cannot pre-date the m igm atization.

Harme (1965) has reported a s im ilar  featu re from m igmatites of 

southern Finland. Garnet was produced during the normal reg ional meta

morphism before the m igm atization, although in  the v e in  formation  

subsequent to  the reg ion al metamorphism, the garnet g rea tly  increased  

in  amount. He considers th a t the extra aluminium needed for  garnet 

form ation was re lea sed  from the rea c tio n  which took p lace when p lag io 

c la se  was a lte r e d  to  potash fe ld sp ar  during the m igm atization. I t  i s

p o ssib le  th a t a sim ilar  s itu a t io n  ex is ted  in  the present example under 

d iscu ssio n .



P la te  222. D ia d y sitic  migmatite; note garnets in  
fe ld sp a th ic  v e in . Kobberfjord.
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I t  i s  c lea r  th at in  the most in te n se ly  migmatized zones, the meta

sediments have become deformed and m obilized , and the migmatite becomes 

agm atitic  (P la te s  223 and 224). The more incompetent s e m i-p e lit ic  bands, 

p o ss ib ly  lu b rica ted  by fe ld sp a th ic  m ater ia l, have become mobile much 

more r ea d ily  than the more competent psammitic bands and am phibolites. 

This has resu lted  in  the psammites and am phibolites forming b lock s, 

surrounded by m obilized fe ld sp a th ic  s e m i-p e lit ic  m aterial which sw ir ls  

around them (P la te s  225 and 226). Sometimes th is  m obilized m aterial has 

c r o ss -c u tt in g  r e la t io n sh ip s  w ith the b locks and a lso  w ith in  i t s e l f  

(P la te  227) .

Almost in variab ly  the psammite and araphibolite blocks and bands 

have a regu lar jo in t in g  which scarce ly  p en etrates the surrounding mobi

l iz e d  se m i-p e lite  (P la te  228). Commonly only one jo in t  d ir ec tio n  i s  

developed (see  P la te s  225 and 226), and the spacing of th ese  jo in ts  

in creases as the width of the blocks in crea ses . The d irec tio n  of the  

jo in ts  in  one block i s  p r a c t ic a lly  the same as th a t in  neighbouring 

blocks (see  P la te s  222, 223, and 224) .  This d ir e c tio n  i s  p a r a lle l  to  

a prominent F 2 -jo in tin g  in  the non-m obilized m igm atites, and th is  

in d ic a te s  th a t the m igm atization was e s s e n t ia l ly  pre-F2* Further con

firm ation  of th is  age i s  g iven  by the fa c t  th a t the jo in ts  a lso  a f fe c t  

some o f the fe ld sp a th ic  v e in s  (P la te  229) .  The dearth of jo in t in g  in  

the m obilized  se m i-p e lite s  i s  probably due to  th e ir  lower competence 

compared w ith the psammites.

Both the fe ld sp a th ic  v e in s  and the m obilized se m i-p e lite s  are r ich

in garnet (P la te s  222 and 230) ,  whereas the massive psammitic horizons
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P la te  223. Agm atitic m igm atite. Kobberfjord.

P la te  224. Agm atitic m igm atite. Kobberfjord.



P la te  223. Psammite b locks in  m obilized se m i-p e lite  
Kobberfjord.

P la te  226. Ç, Péammite b locks in  m obilized se m i-p e lite  
Kobberfjord.



P la te  227. Discordant r e la tio n sh ip s  o f m obilized  
s e m i-p e lite . Kobberfjord.

P la te  228. J o in ts  in  psammites. Kobberfjord,



P la te  229. J o in ts  a f fe c t in g  fe ld sp a th ic  v e in s .  
Kobberfjord.

P la te  230. G arnetiferous 
se m i-p e lit ic  band. 
Kobberfjord.

I
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are comparatively poor in  garnet. From th is  i t  may be deduced th at the  

ease of m ob ility  of co n stitu en ts  i s  an important fa c to r  governing the 

grovrth of garnet. I t  i s  obvious that the fe ld sp a th ic  v e in s  and the  

m obilized  se m i-p e lite s  would provide regions in  which c o n stitu e n ts  could  

move r e la t iv e ly  f r e e ly .  A few of these  garnets have been s l ig h t ly  

augened (P la te  231) ,  in d ica tin g  th at they pre-date the main F2 movements.

The presence of potash fe ld sp ar porphyroblasts, mainly in  the psam

m itic  h orizon s, in d ica tes  th a t there was probably a lso  an intergranular  

m igration of fe ld sp a th ic  c o n stitu e n ts . These porphyroblasts are o ften  

augened by the F2 deform ation, and in  th in  se c tio n  are seen to  form a 

mortar tex tu re , with h igh ly  granulated margins.

In the d e sc r ip tiv e  petrography of the migmatized psammites and 

se m i-p e lite s , a phenomenon in vo lv in g  the occurrence o f f ib r o l i t e  along 

fe ld sp ar  grain-b  oundar ie s  was described (p. 48 ) .  This i s  b e lieved  to  

be an e f f e c t  a sso c ia ted  w ith the m igm atization, and i s  thus considered  

in  d e ta i l  here.

I t  would appear th a t there are two ways in  which th ese  f ib r o l i t i c  

8i l l im a n ites might form. They could e ith er  be formed from co n stitu en ts  

which migrated along grain boundaries, or from co n stitu e n ts  which were 

derived from the neighbouring mineral gra in s.

The second of th ese  hypotheses seems to  be more l ik e ly  fo r  three  

reason s. F ir s t ,  f ib r o l i t e  i s  restr ic ted , to  fe ld sp a r /fe ld sp a r  contacts;  

second, f ib r o l i t e  need les o ften  penetrate in to  the neighbouring grains; 

and th ir d , the f ib r o l i t e  i s  o ccasion a lly  involved in  myrmekitic in te r -

growths which have formed between potash feld sp ar and p la g io c la se .
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P la te  231* Garnets, some o f which are 
s l ig h t ly  augened. Kobberfjord.
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A c lo se  temporal and sp a cia l a sso c ia tio n  between grovrth of s i l l i 

manite and the form ation of m igm atites has o ften  been noted (Watson, 

1948; Chinner, I96I; P itch er , 1965) .  I t  i s  p o ss ib le  th a t the form ation  

of the f ib r o l i t e  in  these present rocks i s  a ssoc ia ted  with the migma

t iz a t io n .

Watson (I94B) has described a very sim ilar phenomenon in  pegm atitic  

v e in s  in  migmatized p e l i t e s  and se m i-p e lite s  a t Kildonan, Sutherland. 

There, f ib r o l i t e  occurs as s tr in g s  o f needles around the borders of 

fe ld sp a r s , ju s t  l ik e  those in  the Kobberfjord m igm atites. In ad d ition , 

th ese  s tr in g s  sometimes a lso  penetrate in to  and cross the feld spar  

g ra in s , showing th a t they must have formed by replacem ent. Another 

p oin t of s im ila r ity  with the Kobberfjord migmatites i s  that both potash  

fe ld sp a r  and p la g io c la se  are replaced by f ib r o l i t e  w ith equal read in ess. 

However, the a lte r a t io n  appears to  have advanced furth er  in  the Kildonan 

rock s. In th e se , fe ld sp ar o ften  only remains as r e l i c s  between the 

f ib r o l i t e  v e in s , which commonly contain  an abundance o f quartz, whereas 

in  the Kobberfjord rocks the f ib r o l i t e  i s  only ju s t  beginning to  farm 

in  a very sporadic fash ion .

Watson considers th a t the f ib r o l i t e  was produced from the fe ld sp ars  

at a la t e  stage of the m igm atization under the in fluence of m igrating  

so lu tio n s;  the rea ctio n s ere given below;

K2 O.4120^ .68102  = 4 1 2 0 3 . 8 1 0 2  + 58102 + K2 O
potash fe ld sp ar f ib r o l i t e

NapO.4120^.68102 = A l2 0 o .8 i0 2  + 58102 + NagO
a lk a l i  p la g io c la se  f ib r o l i t e

I t  would appear that a s im ila r  cause could account fo r  the f ib r o l i t e
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in the Kobberfjord migmatites. The larger, prismatic sillimanites which 

also occirr in these rocks formed from biotite at the peak of the regional 

metamorphism. It is suggested that the sporadic fibrolite, however, did 

not form until a slightly later migmatitic stage of the metamorphism, 

when percolating solutions associated with the migmatization could assist 

the above reactions.

It is clear from the field evidence that there has been a certain 

amount of mobility in some of the feldspathized bands of the migmatites. 

However, in the absence of chemical analyses, it is not possible to be 

sure whether this mobility has arisen from partial anatexis of the 

metasediments (forming venites) or from the introduction of mobile granitic 

constituents (forming arterites). Harme (1965) could not always classify 

veins in some migmatites in southern Finland as venites or arterites. In 

the present case it is considered possible that both occur.

Evidence that the metasediments have in fact become mobile through 

partial anatexis is given by the relationships between psammites and 

some of the larger amphibolites. These amphibolites are veined, sometimes 

along joints, by quartzo-feldspathic material, consisting principally of 

quartz with a few sodic andesine grains. %en traced towards the margins 

of the amphibolite, these veins are seen to merge with the migmatized 

feldspathic psammite of the neighbouring metasediments (Plates 232, 233, 

and 234). It is clear that the source of the vein material must have been 

the metasediments, the quartzo-feldspathic constituents of which become 

mobile through selective anatexis.

Mechanisms by which p a r t ia l anatexis might take place have been



232. Amphibolite 
' 4 l veined by m obilized raigma

tiz e d  psammites. Kobber- 
fjo rd .

P la te  233. Amphibolite 
veined by m obilized migma
t iz e d  psammites. Kobber
fjo rd .

Î 1



P late  234. Amphibolite veined by m obilized  
migmatized psammites. Kobberfjord.
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s tu d ie d  by s e v e ra l  w o rk ers . Harme (1962, 1965) h as  d e s c r ib e d  m ig m atite s  

in  F in la n d  in  w hich g n e is s e s  were invaded  by p o ta s h - r ic h  g r a n i te .  The 

h e a t  from  t h i s  g r a n i te ,  a id ed  by th e  p resen ce  o f v o l a t i l e s ,  caused  th e  

s a l i d  com ponents (p la g io c la s e  and q u a r tz )  in  th e  g n e is s  t o  m e lt by 

a n a te x is ,  and in  p la c e s  th e s e  b ack -v e in ed  th e  g r a n i te .  He c o n s id e rs  

th e  p resen ce  o f p o ta sh  f a c i l i t a t e s  a n a te x is  because t h i s  c o n v e r ts  th e  

b u lk  co m p o sitio n  t o  th e  system  Ab-0r-Q-H20 which h as  a low er minimum 

m e ltin g  te m p e ra tu re  th a n  th e  Ab-Q-H2Û system  ( T u t t le  and Bowen, 1 9 58).

The w a].l-rock  becomes r ic h e r  in  p o ta sh  by d i f f u s io n  from  th e  g r a n i te  ; 

where a  th e rm a l g r a d ie n t  e x i s t s ,  K"*" m ig ra te s  tow ards th e  low -tem peratiu*e 

end ( in  t h i s  ca se  th e  w a l l - ro c k ) ,  and Ha'*’ tow ards th e  o th e r  end ( O r v i l l e ,  

1962).

Lundgren (1966) a ls o  b e l ie v e s  t h a t  th e  p re sen ce  of p o ta sh -b e a r in g  

m in e ra ls  f a c i l i t a t e s  p a r t i a l  m e lt in g , p a r t i c u l a r l y  m uscov ite  and b i o t i t e  

w hich a ls o  p ro v id ed  w a te r d u rin g  t h e i r  breakdovjn.

On th e  o th e r  hand , von P la te n  (1965) c o n s id e rs  t h a t  a n a te x is  can 

ta k e  p la c e  in  s i t u  w ith o u t th e  a d d i t io n  o f any e x t r a  p o ta sh . He m a in ta in s  

t h a t  th e  o rd e r  in  which m in e ra ls  appear in  th e  m e lt depends upon th e  Ab/An 

r a t i o  r a t h e r  th a n  th e  tem p e ra tu re  ; i f  th e  r a t i o  i s  sm all th e n  a h ig h ly  

p o ta s s ic  m o b il iz a te  i s  form ed. E xperim ents c a r r ie d  ou t by W ink ler and 

von P la te n  (von P la te n ,  1 9 6 5 ), in d ic a te  t h a t  in  g e n e ra l a n a te x is  b e g in s  

in  ro c k s  c o n ta in in g  q u a r tz ,  p la g io c la s e ,  and po tassium  m in e ra ls  a t  

700 + 40^0 . a t  gas p re s s u re s  o f 2000 b a r s .  T h e ir  ex p erim en ts  a ls o  showed 

t h a t  th e  breakdown o f m uscov ite  t o  p o ta sh  f e ld s p a r  can occur a t  low er

te m p e ra tu re s  a t  t h a t  p r e s s u re ,  th u s  in d ic a t in g  t h a t  th e  te m p e ra tu re s
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r e q u ire d  f o r  a n a te x is  a re  a t t a in e d  d u rin g  r e g io n a l  m etam orphism .

The c o n c lu s io n  von P la te n  draws i s  t h a t  m ig m atite s  form  s o le ly  by 

th e  p a r t i a l  a n a te x is  of m etased im en ts , p roducing  g r a n i t i c  o r g ra n o d io -  

r i t i c  m o b il iz a te s .

King (1965) how ever, b e l ie v e s  t h a t  s e le c t iv e  m e ltin g  a lo n e  i s  

n o t th e  m ain f a c to r  in  th e  g e n e s is  o f m ig m a tite s , and t h a t  in  any c a s e , 

th e  o rd e r  o f m e ltin g  of th e  v a r io u s  s a l i c  m in e ra ls  i s  n o t dependent 

upon th e  An c o n te n t o f  th e  ro c k . He c o n s id e rs  t h a t  metamorphism a t  

h ig h  g ra d e s , and p a r t i c u l a r l y  th e  fo rm a tio n  o f m ig m a tite s , i s  p ro b ab ly  

n o t iso c h e m ic a l, and t h a t  m ig m atite s  have reach ed  a g r a n i t i c  co m p o sitio n  

b e fo re  th e y  become m o b ile .

I n  th e  K o b b erfjo rd  m ig m atite s  i t  i s  m a n ife s t t h a t  m o b il iz a t io n  

th ro u g h  p a r t i a l  a n a te x is  h as o cc u rre d . I t  i s  n o t p o s s ib le ,  how ever, 

w ith o u t chem ical d a ta ,  t o  d e te rm in e  u n eq u iv o cab ly  by w hich mechanism 

i t  to o k  p la c e .

I t  would ap p ear t h a t  K^ was m ig ra tin g  f r e e l y ,  a s  in d ic a te d  by grow th 

of p o ta sh  f e ld s p a r  p o rp h y ro b la s ts ,  b u t i t  does n o t fo llo w  from t h i s  

t h a t  K**" was n e c e s s a r i ly  in tro d u c e d  in to  th e  system  as  r e q u ire d  by Harme 

and by K ing. The b i o t i t e  in  th e s e  ro ck s  i s  b eg in n in g  to  a l t e r  to  

alum inium  s i l i c a t e ,  a  r e a c t io n  which r e s u l t s  in  th e  l i b e r a t i o n  <af K"̂  and 

H2O. Thus i t  i s  p o s s ib le  t h a t  a t  l e a s t  some of th e  p o ta sh  f e ld s p a r  

co u ld  have been  d e r iv e d  from  th e  breakdown o f m ica in  th e  p re sen ce  of 

w a te r ,  a s  p o s tu la te d  by Lundgren.

An in t ro d u c t io n  o f K*̂  does n o t seem to  be e s s e n t i a l  t o  th e  fo rm a tio n

o f th e  K o b b erfjo rd  m ig m a tite s , and i t  i s  p o s s ib le  t h a t  th e  p ro c e ss  was
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iso c h e m ic a l, a s  proposed by von P la te n . In  t h i s  c a s e ,  th e  p h l e b i t i c  

v e in s  would be v e n i te s ,  b u t th e  p o s s i b i l i t y  o f some o f them b e in g  a r t e 

r i t e s  can n o t be d e f i n i t e l y  r u le d  o u t.

Summary

In  summary, i t  can be s ta t e d  t h a t  d u rin g  th e  p e r io d  of s t a t i c  m eta

morphism betw een th e  m ajor f o ld in g  e p iso d e s , th e  m etam orphic g rade  

in c re a s e d  to  a maximum and th e n  began to  wane b e fo re  th e  o n se t o f th e  

^2 niovements . D uring th e  u p g rad in g , porphyr o b la s ts  o f g a rn e t ,  k y a n i te ,  

and s i l l im a n i t e  developed  in  th e  s c h i s t s ,  and th e  H u s f jo rd  m etagabbro 

became am p h ib o lized . Soon a f t e r  th e  m etam orphic p eak , m ig m a tiza tio n  

to o k  p la c e  d u rin g  which p o ta sh  f e ld s p a r  p o rp h y ro b la s ts  and f i b r o l i t i c  

s i l l im a n i t e  d ev e lo p ed . A second g e n e ra tio n  o f g a rn e t  began to  form 

from  h ig h -g ra d e  m in e ra ls  a s  th e  m etam orphic te m p e ra tu re s  became lo w er.

COmCT MSTAM0RPHISI4 DUE TO EARLY DIORITES 

A f te r  th e  H u s f jo rd  m etagabbro had been am ph ibo lized  d u rin g  th e  main 

s t a t i c  r e g io n a l  metamorphism, i t  was l o c a l l y  th e rm a lly  m etamorphosed 

by th e  e a r ly  d i o r i t e s .  These e a r ly  d i o r i t e s  a re  c o a r s e -g ra in e d  s h e e ts  

w hich have been  em placed in to  j o i n t s  in  th e  m etagabbro .

A f in e -g r a in e d  g ra n o b la s t ic  h o r n f e l s ic  t e x tu r e  i s  developed  in  th e  

m etagabbro n ex t t o  th e  d i o r i t e s .  The p r in c ip a l  m in e ra ls  a re  h y p e rs th e n e , 

c lin o p y ro x e n e , o re , and p la g io c la s e ,  and th e se  form  sm all rounded g r a in s .

T h is  t e x tu r e  and m in era lo g y  a re  superim posed upon th o se  produced d u rin g
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th e  s t a t i c  r e g io n a l  metamorphism. T h is  and th e  f a c t  t h a t  th e  d i o r i t e s  

th em se lv es  a re  n o t am ph ibo lized  in d ic a te  t h a t  th e  d i o r i t e s  were em placed 

a f t e r  th e  pealc of th e  r e g io n a l  metamorphism.

In  some p l a c e s ,  l a t e r  b i o t i t e  o ccu rs  in  th e se  h o r n f e l s e s ,  and t h i s  

m ust have form ed a t  a  l a t e r  s ta g e  of th e  r e g io n a l  metamorphism.

SYII-TEGTONIG REGIONAL METAMORPHISM

The o n se t o f th e  F2 movements b rough t abou t a change from s t a t i c  

metamorphism t o  s y n - te c to n ic  metamorphism. The r e g io n a l  m etam orphic ev en t 

was s t i l l  c o n tin u in g , b u t i t s  i n t e n s i t y  was d e c re a s in g  d u rin g  th e  ?2 

d e fo rm a tio n  e p iso d e . F2 s y n - te c to n ic  f a b r i c s  a re  r a r e l y  p re se rv e d  in  

th e s e  ro c k s ,  a lth o u g h  th e r e  a re  many exam ples o f th e  e f f e c t s  o f th e  

d e fo rm a tio n  upon m in e ra ls .

A lthough k y a n ite  g e n e ra l ly  has a random o r i e n ta t i o n ,  in  a  few c a s e s ,  

i t  shows a s l i g h t  tendency  to  have a p r e fe r r e d  o r ie n ta t i o n .  From t h i s  

i t  may be deduced t h a t  k y a n ite  grow th co n tin u ed  u n t i l  th e  b eg in n in g  o f th e  

F2 movements. A s im i la r  c o n c lu s io n  was reach ed  by R o b e rts  (1965) who 

found k y a n ite  i n  th e  hang s tr a n d  a re a  c o n ta in in g  s ig m o id a l in c lu s io n  

t r a i l s ,  in d ic a t in g  i t s  s y n - te c to n ic  grow th.

S im i la r ly ,  R o b e rts  (o p .c i t . )  a s c r ib e s  s ig m o id a l in c lu s io n  t r a i l s  

in  g a rn e ts  to  t h e i r  syn-F2 grovrbh. In  th e  ro ck s  o f th e  H u s fjo rd  a r e a ,  

no exam ples o f undoubted s y n - te c to n ic  g a rn e t  have been seen . However, 

th e  f a c t  t h a t  g a rn e t  sometimes form s a t  th e  expense of k y a n i te ,  su g g e s ts

t h a t  g a rn e t  grovrfch p ro b ab ly  a ls o  p e r s i s te d  in to  th e  F2 d e fo rm a tio n .
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E f f e c t s  o f  t h i s  d e f o r m a t io n  a r e  s e e n  i n  t h e  a u g e n in g  o f  m i g m a t i t i c  

p o t a s h  f e l d s p a r  p o r p h y r o b l a s t s ,  a n d  i n  t h e  a u g e n in g  a n d  r o t a t i o n  o f  e a r l i e r  

g a r n e t s  a n d  k y a n i t e s .

The main igneous complex was em placed d u rin g  th e  Fp movements a s  

th e  m etam orphic te m p e ra tu re  was d e c re a s in g . The e a r l i e s t  member o f t h i s  

com plex, th e  K o b b erfjo rd  n o r i t e ,  was in tru d e d  b e fo re  th e  te m p e ra tu re  had 

dropped b en ea th  t h a t  o f th e  g a rn e t is o g ra d  (see  F ig .  4 2 ) . T h is  o r th o n o r i te  

h as  been  co n tam in a ted  by m etased im en ts , and g a rn e t h as  grown in  th e  more 

a lu m in iu m -rich  p a r t s .  The tem p era tu re  had p ro b ab ly  dropped b en ea th  th e  

g a rn e t  iso g ra d  by th e  tim e th e  main s u i t e  o f d i o r i t e s  was em placed.

However, i f  th e  g rade had on ly  been  low ered  to  th e  s t a u r o l i t e - q u a r t z  sub

f a c i e s  o f th e  a lm an d in e -am p h ib o lite  f a c i e s ,  th e  p re sen ce  o f p o ta sh  f e ld s p a r  

in  th e  H av n efjo rd  d i o r i t e  and th e  c o a rs e -g ra in e d  p y ro x e n e -m ic a -d io r i te s  

would p rec lu d e  th e  grow th of g a rn e t (F y fe , T u rn e r, and Verhoogen, 1958, 

p . 2 2 9 ). The p re sen ce  o f g a rn e t in  th e  l a t e r  q u a r t z - d i o r i t e s  i s  c o n s id e re d  

t o  be a r e s u l t  o f s l i g h t  co n tam in a tio n  (se e  p . 269 ) .

CONTACT METAMORPHiaiS DUE TO MAI H IGNEOUS COMPLEX 

D uring  th e  co u rse  o f th e  ?2  ^o l^^ng  e p iso d e , th e  main ig n eo u s complex 

was em placed (see  F ig .  4 2 ) . Many members o f t h i s  com plex had  th e rm a l 

e f f e c t s  e i t h e r  upon th e  m etased im en ts o f th e  co u n try  ro c k s  and en c lo se d  

r a f t s ,  o r upon e a r l i e r  members o f th e  com plex. S ince  th e s e  th e rm a l m eta- 

morphisms to o k  p la c e  synch ro n o u sly  w ith  r e g io n a l  metamorphism, s tu d y  o f 

th e  m in era lo g y  and te x tu r e  o f th e  h o rn fe ls e s  can p ro v id e  v a lu a b le  in fo rm a tio n
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co n ce rn in g  th e  p ro g re s s  of th e  re g io n a l  m etam orphic e v en t d u r in g  th e  

em placem ent of th e  complex.

K obberf.iord  N o rite  

The K o b b erfjo rd  n o r i t e  cau ses  a narrow  th e rm a l a u re o le  to  form  w ith in  

th e  m ig m a tite s  o f th e  co u n try  ro c k s . In  t h i s  a u re o le ,  Icyanite  r e c r y s t a l -  

l i z e s  t o  i t s  polymorph s i l l i m a n i t e ,  which a t  th e  c o n ta c t  becomes l a r g e .

The s ig n i f ic a n c e  o f th e  absence of a n d a lu s i te  in  th e  c o n ta c t  a u re o le  i s  

d is c u s s e d  on p . 304 . In  th e  c o n ta c t  zone, th e s e  la r g e  s i l l i m a n i t e s  

become s e v e re ly  s t r a in e d  and a re  b eg in n in g  to  become frag m en ted . T h is  

d e fo rm a tio n  i s  presum ably due to  d i f f e r e n t i a l  movement a lo n g  th e  c o n ta c t  

d u rin g  1 2̂*

I n  th e  th e rm a l a u re o le ,  g a rn e t  form s a t  th e  expense of b i o t i t e ,  

k y a n i te ,  and s i l l i m a n i t e ,  in d ic a t in g  t h a t  g a rn e t  grow th co n tin u ed  a f t e r

th e  em placem ent o f th e  K o b b erfjo rd  n o r i t e .  T h is  co n firm s th e  p o s t - i n t r u s io n

gro%\Tbh of g a rn e t  deduced from  th e  ev idence p ro v id e d  by th e  n o r i t e  (p .230  ) .

H avnef jo rd  D io r i te  

The envelope  to  th e  H avnef jo r d  d i o r i t e  l i e s  w ith in  th e  H u s fjo rd  

m etagabbro , and i t  h as  th e rm a lly  metamorphosed th e  l a t t e r  up to  th e  

h o rn b le n d e -h  o rn f  e l s  f a c i e s .

The r e l i c t  s u b o p h itic  te x tu r e  o f th e  m etagabbro i s  f r e q u e n t ly  p re 

se rv e d , b u t th e  su p e rim p o s itio n  o f a  th e rm a l metamorphism upon th e  r e g io n a l  

metamorphism h as caused  e x te n s iv e  a m p h ib o liz a tio n . A t th e  c o n ta c t ,  th e  

a m p h ib o liz a tio n  o f th e  pyroxenes h as been  v i r t u a l l y  com plete  in  p la c e s .
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and th e  h o rn b len d e  i s  so f u l l  o f ex so lved  q u a r tz  b le b s  t h a t  th e y  lo s e  t h e i r  

coherency  and form  a g g re g a te s  of sm all g r a in s .  Away from  th e  c o n ta c t  a 

l i t t l e  e p id o te  o c c u rs , and th e r e  a re  a  few o l ig o c la s e  p o rp h y ro b la s ts .

R e l i c t  t r o c t o l i t e s  o c c u rrin g  as  r a f t s  in  th e  H av n e fjo rd  d i o r i t e  

have been e x te n s iv e ly  am phibo lized  by th e  d i o r i t e .

Many o f th e  m etased im en tary  r a f t s  en c lo sed  by th e  H avnef jo rd  d i o r i t e  

have been  h o rn fe ls e d  a t  t h e i r  m arg ins. T h is  i s  p a r t i c u l a r l y  w e ll  shovm 

by th e  p e l i t i c  and s e m i- p e l i t i c  s c h is t  r a f t s .

In  th e s e  h o rn fe ls e d  s c h i s t s ,  th e  s c h i s t o s i t y  h as  been  o b l i t e r a t e d  

in  many c a s e s ,  and in  o th e r  c a se s  rem ains as  a  r e l i c t  t e x tu r e  o n ly  d is c e rn 

ib l e  by th e  p resen ce  of b i o t i t e - r i c h  bands. The h o r n f e l s ic  t e x tu r e  i s  

t y p i c a l l y  form ed by p o ly g o n a l g ra in s  o f p o ta sh  f e ld s p a r  and q u a r tz ,  w ith  

b i o t i t e  l a t h s  fo rm ing  a d e c u ssa te  p a t t e r n .  Ore m in e ra ls  o f te n  form  

rag g ed -ed g ed  l a t h s ,  and th e s e  a re  commonly a ls o  in  a d e c u ssa te  a rran g em en t. 

O c c a s io n a lly  p o ta sh  f e ld s p a r  p o rp h y ro b la s ts  grow in  th e  p e l i t i c  h o r n f e ls e s ,  

and corundum i s  a common m in e ra l in  th e  more alum inous p e l i t e s .

G arnet i s  u n s ta b le  in  th e s e  th e rm a l m etam orphic c o n d i t io n s ,  and 

b re a k s  down to  f i b r o l i t e  and b i o t i t e ,  o r f i b r o l i t e  and o re . V ario u s  

s ta g e s  in  th e  a l t e r a t i o n  have been observed  and in  th e  most ex trem e exam ples, 

th e  g a rn e t  i s  co m p le te ly  pseudomorphed. A s im i la r  phenomenon h a s  been  

d e s c r ib e d  by P i tc h e r  and Read ( I 963) in  th e  th e rm a l a u re o le  o f th e  Fanad 

g r a n o d io r i te ,  b u t in  t h e i r  example th e  aluminium s i l i c a t e  was a n d a lu s i te  

in s te a d  o f s i l l i m a n i t e ,  and c o r d i e r i t e  was sometimes p r e s e n t .  The im p li

c a t io n s  o f t h i s  d if f e r e n c e  a re  d is c u s s e d  on p . 304» There i s  no new 

g a rn e t b e in g  r e g e n e ra te d  in  o r around th e s e  pseudom orphs, and t h i s  in d ic a te s
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t h a t  th e  g rade  o f th e  re g io n a l  m etam orphic e v en t had p ro b ab ly  dropped 

b en ea th  th e  g a rn e t  iso g ra d .

At Hasvilc, in  S .U , S / r / y ,  a  gabbro h as been em placed synchronous 

w ith  th e  peak o f th e  r e g io n a l  metamorphism betw een ^.nd F2 ( S tu r t ,  

p e rs o n a l  com m unication). G arnets  in  th e  s c h i s t s  w ith in  th e  c o n ta c t  

a u re o le  have been  re p la c e d  by s i l l i m a n i t e ,  s p in e l ,  h y p e rs th e n e , and o re , 

b u t in  t h i s  ca se  new g a rn e t has reform ed from th e se  breakdown p ro d u c ts .

S t u r t  c o n s id e rs  t h a t  t h i s  in d ic a te s  t h a t  th e  r e g io n a l  m etam orphic g rade 

was s t i l l  a t  th e  a lm an d in e-am p h ib o lite  f a c ie s  when th e  th e rm a l a u re o le  c o o le d  

dovm. However, l a t e r  d i o r i t i c  ro c k s , which a re  p ro b ab ly  com parable to  

th o s e  in  th e  H u s f jo rd  a r e a ,  have been in tru d e d  in to  th e  c o n ta c t  a .ureole 

o f th e  H asv ik  gabbro . These cause th e  breakdown of b o th  g e n e ra tio n s  o f 

g a r n e t ,  and th e r e  i s  no reg row th  of l a t e r  g a rn e t .

In  th e  c a l c - s i l i c a t e  s c h i s t  r a f t s ,  a  g ra n u la r  h o r n f e l s ic  t e x tu r e ,

p r in c ip a l l y  o f d io p s id e  and p la g io c la s e  i s  d ev e lo p ed , and t h i s  o b l i t e r a t e s  

th e  F^ s c h i s t o s i t y .

The g r a n o b la s t ic  te x tu re  form ed in  th e  b a s ic  s c h i s t  h o rn fe ls e s  a ls o  

d e s tro y s  th e  F% s c h i s t o s i t y .  The c h ie f  m in e ra ls  8xe h y p e rs th e n e , c l in o -  

pyroxene , o re , and p la g io c la s e ; o c c a s io n a lly ,  d i f f u s e  b i o t i t e s  a re  seen  

a l t e r i n g  to  py roxene.

The b a s ic  s c h i s t  h o rn fe ls e s  in  one r a f t  develop  an o p h i to b la s t ic  

t e x tu r e  (se e  p .193 ) ,  in d ic a t in g  t h a t  th e y  may have come n e a r  to  b e in g  

m o b iliz e d . In  a n o th e r  c a s e , th e y  have a c tu a l ly  been m o b iliz e d . In  

a n o th e r  c a s e ,  th e y  have a c tu a l ly  been m o b iliz e d , and th e  more b a s ic  bands 

have been d is ru p te d  by th e  m o b ilized  q u a r tz o - f e ld s p a th ic  p a r t s .  I t  ap p e a rs
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t h a t  th e  p la g io c la s e  in  th e s e  m o b ilized  h o r n fe ls e s  i s  becoming more b a s ic ,  

e x so lv in g  s i l i c a  a s  v e rm ic u la r  q u a r tz  in c lu s io n s  (se e  p . 19b ) .

L a te  D io r i te s

The c o a rse  p y ro x e n e -m ic a -d io r ite  s h e e ts  th e rm a lly  metam orphose th e  

n e ig h b o u rin g  H av n efjo rd  d i o r i t e .  In  th e  l a t t e r ,  a  f in e - g r a in e d  g ran o 

b l a s t i c  pyroxene h o rn fe ls  c o n s is t in g  m ain ly  o f h y p e rs th e n e , c lin o p y ro x e n e  

and p la g io c la s e  i s  developed .

H o rn fe ls ic  te x tu r e s  develop  in  th e  m etased im en tary  x e n o l i th s  w ith in  

th e  p y ro x e n e -m ic a -d io r i te s .  D ecussate  b i o t i t e s  and p o ly g o n a l g ra in s  of 

h a i r - p e r t h i t e  c h a r a c te r iz e  th e  p e l i t i c  h o r n fe ls e s ,  a lth o u g h  p o rp h y ro b la s ts  

o f h a i r - p e r t h i t e  a ls o  o c c a s io n a lly  o ccu r. Corundum and g reen  s p in e l  a re  

common in  th e  s i l i c a - d e f i c i e n t  p e l i t e s .  Pyroxene h o r n fe ls e s  develop  in  th e  

b a s ic  s c h i s t  h o r n f e ls e s ,  and h y p e rs th en e  g ra in s  a re  sometim es f a i r l y  

l a r g e  and p o ik i l o b la s t i c .  I t  ap p ears  t h a t  some o f th e  o rthopyroxene 

h o rn fe ls e s  a re  b e in g  made over in to  th e  p y ro x e n e -m ic a -d io r ite  (se e  p .2 1 l ) .

The g a rn e t-p o o r  q u a r t z - d io r i t e s  c o n ta in  o c c a s io n a l m etased im en tary  

x e n o l i th s  which have become h o rn fe ls e d . In  th e  s e m i- p e l i t i c  x e n o l i th s  

a  h o r n f e l s ic  te x tu r e  i s  seen  to  have form ed d u rin g  Fq. B io t i t e  l a t h s  

form  a d e c u ssa te  p a t t e r n  betw een po ly g o n a l g ra in s  of q u a r tz  and a n d e s in e .

I n  th e  c a l c - s i l i c a t e  s c h i s t  h o r n fe ls e s ,  t r e m o l i t e - a c t i n o l i t e  h as  form ed 

from  b i o t i t e .  These am phiboles a re  random ly o r ie n ta te d ,  and a re  f r e q u e n t ly  

p o i k i l o b l a s t i c .
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POST-Fq (static) REGIONAL IG3TAM0RPHISM

V/hile th e  main igneous complex was b e in g  em placed, th e  r e g io n a l  

m etam orphic ev en t was c o n tin u in g  to  wane (see  F ig . /,2 ) , and th e s e  members 

of th e  com plex show co m p ara tiv e ly  low -grade m etamorphism. E vidence o f t h i s  

metemorphism i s  a ls o  p re s e n t  in  th e  H u sfjo rd  m etagabbro , and some o f th e  

co u n try  ro c k s  and m etased im en tary  r a f t s .

C ountry Rocks

The e f f e c t s  of t h i s  l a t e  s ta g e  o f th e  r e g io n a l  metamorphism a re  

w e ll  d em o n stra ted  in  th e  c a l c - s i l i c a t e - s c h i s t s ,  in  which th e  g ra n u la r  

h o r n f e l s ic  t e x tu r e  produced by th e  th e rm a l e f f e c t  o f th e  H u s fjo rd  m eta

gabbro h as  been  o v e rp r in te d  by a r e g io n a l  m etam orphic t e x tu r e  and m in era 

lo g y . P o ik i lo b l a s t i c  a c t i n o l i t e  c o n ta in s  in c lu s io n s  o f sm all rounded  d io p 

s id e  g r a in s ,  and b o th  d io p s id e  and b i o t i t e  a re  a l t e r i n g  to  a c t i n o l i t e ;  

th e r e  i s  a l s o  a l i t t l e  c l i n o z o i s i t e .

In  th e  k y a n i te - g a r n e t - s c h is t s  b o th  k y a n ite  and s i l l i m a n i t e  a re  

a l t e r i n g  to  la r g e  p o ü c i lo b la s t ic  musco v i t es  which o f te n  grow a c ro ss  th e  

s c h i s t o s i t y ,  in d ic a t in g  i t s  growth in  a s t a t i c  env ironm en t. T h is  a l t e r 

a t io n  ap p ears  to  be more common in  th e  neighbourhood of p o ta sh  f e ld s p a r ,  

w hich presum ably  p ro v id ed  po tassium  t o  form  th e  m u sco v ite :

2 [ a1 2 0 3 .S 1 0 2 ]  + K2O.AI2 0 3 .6 8 1 0 2  + 212O
k y a n i t e , s i l l i m a n i t e  p o ta sh  f e ld s p a r

K2 O . 2 H2 O .6 S i0 2  + 2 8 102  
m uscov ite  q u a r tz

In  t h i s  r e a c t io n  an ex cess  o f siH-ica i s  p roduced , and t h i s  p ro b ab ly  

a c c o u n ts  f o r  th e  numerous b le b s  o f q u a r tz  which a re  commonly en c lo se d
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by th e  m u sco v ite .

In  many of th e  psam m ites and sem i-p e l i t  es  g a rn e ts  a re  b e g in n in g  

to  a l t e r ,  e s p e c ia l ly  a long  c ra c k s ,  to  f in e - g r a in e d  secondary  b i o t i t e ,  

and c a l c i t e  o c c a s io n a lly  f i l l s  c a v i t i e s .  The fo rm a tio n  of m yrm ekite 

around th e  m ig m a titic  p o ta sh  f e ld s p a r  p o rp h y ro b la s ts  and th e  s e r i c i t i -  

z a t io n  of f e ld s p a r s  p ro b ab ly  took  p lace  a t  t h i s  s ta g e .

Some of th e  m etased im entary  r a f t s  en c lo sed  by th e  H u s fjo rd  m eta

gabbro or th e  H av n efjo rd  d i o r i t e  c o n ta in  ra n d o m ly -o r ie n ta te d  p o ik i lo 

b l a s t i c  b i o t i t e s  which overgrow th e  h o r n f e ls ic  t e x tu r e .  These b i o t i t e s  

presum ably  grew d u rin g  t h i s  waning s ta g e  of th e  r e g io n a l  metamorphism.

H usf.iord  M etagabbro

The e f f e c t s  o f t h i s  l a t e - s t a g e  metamorphism a re  n o t u b iq u ito u s  

th ro u g h o u t th e  m etagabbro . They a re  e v id e n t in  th e  a c t i n o l i t i c  f a c i e s ,  

f o r  i t  ap p ea rs  t h a t  th e  fo rm a tio n  of a c t i n o l i t e  and th e  a l t e r a t i o n  o f some 

o f th e  p la g io c la s e  t o  ep id o te  in  t h i s  f a c i e s  i s  a  r e s u l t  of t h i s  m eta

morphism.

T h is  f a c ie s  i s  n o t u n ifo rm ly  developed  th ro u g h o u t th e  body, and th e  

l a t e - s t a g e  metamorphism h as  n o t been m arkedly  re c o rd e d  by most o f th e  

m etagabbro . However, l a t e  b i o t i t e s  commonly o ccu r, and th e s e  a re  a t t r i 

b u te d  to  t h i s  metamorphism.

D io r i te s

In  th e  e a r ly  d i o r i t e  bands t h a t  have been em placed in to  th e  H u s fjo rd  

m etagabbro , some of th e  h y p e rs th e n e  g ra in s  a re  a l t e r i n g  to  b i o t i t e  where
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contact with potash feldspar is made* The biotites generally contain 

vermicular inclusions of quartz, and this may be explained by the presence 

of excess silica from the reaction:

6 [(Mg.Fe)0.Si02] + KjO.AljÔ .ÔSiOg + ZHgO 
hypersthene potash feldspar

K20.6(Mg.Fe)0.ZH20.Al2(g.6Si0̂  + ÔSiÔ  
biotite quartz

When the potash feldspar is perthitic, this reaction appears to be connected

with the formation of myrmekite, indicated by the intimate association of

myrmekite and vermicular biotite. The reaction may be as follows:

6[(M g.Fe)0.Si02l+ 2 )20.A1^0y6810g] +
hypersthene perthitic potash feldspar

KgO* 6(Mg.Fe ) 0.2H2O. Al^O^^ÔSiO^ + NagO.AlpOg.SSiO^ + ôSiOg 
biotite ^odic plagioclase quarts

myrmekite

In both the Havnef jord diorite and the late pyroxene-mica-diorites, 

some of the hypersthenes alter to biotite which often contain vermicular 

quartz inclusions. It would appear that in these cases the reaction is 

similar to that given above.

Vatna Gabbro and Minor Intrusions

It appears that the Vatna gabbro has not suffered a high grade of 

metamorphism, since olivines are often scarcely altered* However, augite 

grains are sometimes fringed by a little biotite to which it is altering*

The perthositesi show early stages in the development of swapped 

rims at the boundaries of the perthite grains, and this is probably a late 

metamorphic effect*
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In the late basic dykes, augite is almost invariably altering to 

brownish hornblende, and occasionally to biotite. Some of the hornblende 

is also altering to biotite, and many of the plagioclase phenocrysts of 

the porphyritic dykes axhibit an irregular zoning. The finer-grained 

dykes are generally more altered than the coarser-grained ones, and this 

is presumably because the former have a larger overall surface area of 

grain boundaries, enabling migrating constituent to have a greater mobility.

The hornblende in these basic rocks, particularly those containing 

olivine, is brownish in colour, and this is probably mainly a compositional 

effect. Deer (1938) and Leake (1965) have indicated that the colour of 

amphiboles becomes browner with increase in titanium content. Winchell 

(1924) considers that the state of oxidation of the titanium may have an 

influence, the colour becoming browner with increase in oxygen content.

The hornblendes in the present case have not been analysed, but it is 

possible that compositional control was an important factor in the deter

mination of their colour*

The late basic dykes appear to have altered to a slightly greater 

extent than their host, the Vatna gabbro. A similar feature occurs in 

the minor intrusions in the Hasvik gabbro in S.W* S/ r̂/6y (Sturt, personal 

communication). However, the dykes cannot have suffered a greater metsw 

morphism than their host, and a possible explanation is that the dykes 

provided planar discontinuities in the massive gabbro along which 

alteration might have occurred more readily.
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Metasomatic Veins 

The metasomatic actinolite-bearing veins that cut the Husfjord 

metagabbro, the Havnef jord diorite, the Vatna gabbro, and the late basic 

dykes are all very similar to one another, and they are probably of the 

same generation. In seme cases it can be demonstrated that they post

date the formation of the main F2 shears, and they were probably formed 

during a late hydrothermal stage of the regional metamorphism.

DISCUSSION

The inter-relationships between regional metamorphic and contact 

metamorphic effects as described above show that the emplacement of the 

Husfjord igneous complex took place synchronous with a long regional 

metamorphic event during the Caledonian orogeny (see Fig, 42). Thus it 

is possible to study the effects of thermal metamorphism imposed upon 

rocks in an orogenic environment.

The most striking feature of the mineral assemblages in the metasedi

ments which have been hornfelsed is the complete absence of andalusite 

and cordierite in the pelitic rocks.

In the pelites and semi-pelites within the narrow aureole of the 

Kobberf jord norite, kyanite alters to sillimanite, but andalusite never 

occurs. Andalusite is the low-pressure polymorph of 112^1(̂3f the 

most recent determination of the triple point in the Al2SiO^ system where 

andalusite, kyanite, and sillimanite coexist stably is 6.5 1 0.5kb., and 

595 i lO^C, (Althaus, 1967; Althaus considers that these determinations
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are more accurate than previous ones because a hydrothermal apparatus 

was used, giving true hydrostatic pressures). Thus the maximum pressure 

at which andalusite is stable is about 6.5kb., which is equivalent to a 

depth in the earth’s crust of about 23 km. (Schreyer and Yoder, 1964)*

In the Husfjord area, thermal metamorphism occurred synchronous with 

a fairly high grade of regional metamorphism, suggesting that the emplace

ment of the igneous bodies took place at considerable depths. Thus it 

is probable that the high pressures obtaining at great depths precluded 

the formation of andalusite in the hornfelses. Instead, the kyanite 

probably inverted directly to sillimanite without passing through the 

andalusite field because the pressures were higher than that of the triple 

point.

The pelitic and semi-pelitic hornfels rafts enclosed by the Havne- 

fjord diorite contain regional metamorphic garnets, which as a result 

of the hornfelsing have broken down to knots of fibrolite, biotite, and 
ore. The breakdown of almandine garnet under thermal metamorphism has 

been reported by many workers (Tilley, 1924, 1926; Harker, 1939;

Miyashiro, 1953; Fyfe, Turner, and Verhoogen, 1958; Leake and Skirrow, 

I960; Chinner, 1962). In each case the principal mineral which pseudo

morphed the garnet was cordierite, sometimes accompanied by magnetite.

The general opinion of these writers is that the major factors determining 

the stability relationships of garnet and cordierite are pressure and 

temperature, although Chinner (op. cit.) considers that the bulk compo

sition of the rock provides a more important control. The absence of 

cordierite from the hornfelses in the Havnefjord diorite presumably
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indicates that cordierite would not have been stable in the environment . 

in which the diorite was emplaced.

Fig, 43 shows the stability field of Mg-cordierite as it has been 

determined experimentally by Schreyer and Yoder (I964). (The stability 

fields of andalusite, kyanite, and sillimanite as determined by Althaus 

(1967) have been added to Fig, 43) ,  It can be seen from Fig, 43 that 

Mg-cordierite is confined to a more limited pressure-temperature stability 

field in the presence of excess water vapour than under anhydrous con

ditions. However, according to Schreyer and Yoder (I960), Mg-cordierite 

breaks down at high confining pressures even in the absence of water to 

denser anhydrous high temperature minerals such as sillimanite* Thus it 

is deduced by Schreyer and Yoder (1964) that Mg-cordierite is only stable 

at relatively low pressures, and that anhydrous conditions are more 

favourable to stability than hydrous ones.

In the orogenic environment in which the Havnef Jord diorite was 

emplaced, hydrostatic pressures must have been considerable, and from 

the evidence provided by the lack of andalusite it is deduced that they 

were probably in excess of 6.5kb. The fact that kyanite is altering to 

sillimanite in the hornfelses indicates that the conditions obtaining were 

within the sillimanite stability field, and therefore, would probably 

also be just within the stability field of Mg-cordierite (see Fig, 43), 

However, cordierite is absent from these hornfelses, and a possible 

reason for this is considered below.

Natural cordierites are not pure Mg-cordierites but contain variable

amounts of Fe-cordierite in solid solution (Leake, I96O), and the effect
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o f th e  i r o n  m ust be ta k e n  in to  acco u n t. P re lim in a ry  s tu d ie s  on pu re  

F e - c o r d i e r i t e  by S ch rey er and Yoder (1959) have shown t h a t  F e - c o r d i e r i t e  

a p p ea rs  t o  be s ta b le  a t  s im i la r  te m p e ra tu re s  b u t a t  low er w a te r  p r e s s u re s  

th a n  M g -c o rd ie r i te .  S c h a ir e r  and Yagi (1952) have shown t h a t  a t  atm os

p h e r ic  p r e s s u re  th e  m e ltin g  p o in t  of F e - c o r d ie r i t e  i s  ab o u t 250^0* lo w er 

th a n  t h a t  o f I 'd g -c o rd ie r ite .

Thus i t  i s  deduced by S ch rey e r and Yoder (1964) t h a t  th e  p r e s s u r e -  

te m p e ra tu re  f i e l d  o f pure M g -c o rd ie r i te  i s  p ro b ab ly  th e  maximum s t a b i l i t y  

f i e l d  o f  n a tu r a l  c o r d i e r i t e .  The p resen ce  o f  a  l a r g e  p e rc e n ta g e  o f i r o n  

in  th e  c o r d i e r i t e  may w e ll red u ce  th e  s t a b i l i t y  f i e l d  s ig n i f i c a n t l y  t o  

th e  low er p re s s u re  r e g io n s .

Leake ( i9 6 0 ) h as  made a  co m p ila tio n  o f n a tu r a l  c o r d i e r i t e  a n a ly s e s ,  

and th o se  o c c u rr in g  in  p e l i t i c  h o r n fe ls e s  a p p a re n tly  s im i la r  t o  th e  h o m -  

f e l s e s  u n d er p re s e n t  d is c u s s io n ,  c o n ta in  c o n s id e ra b le  am ounts o f  th e  

F e - c o r d i e r i t e  m olecu le  (se e  T ab le  2 2 ) . Read (1929) h a s  r e p o r te d  an i r o n -  

r i c h  c o r d i e r i t e  in  a h o r n fe ls  from  A rnage, Aberdeen» Thus i t  seems re a so n 

a b le  t o  assume t h a t  i f  g a rn e t  had  form ed in  th e  p re s e n t  h o r n fe ls e s  i t  

m ight have c o n ta in e d  more th a n  50% o f th e  F e - c o r d ie r i t e  m o lecu le . The 

f a c t  t h a t  c o r d i e r i t e  i s  a b s e n t from  th e s e  h o rn fe ls e s  in d ic a te s  t h a t  th e  

p re s  su re - te m p e ra tu re  c o n d it io n s  p r e v a i l in g  co u ld  n o t have f a l l e n  w ith in  

th e  s t a b i l i t y  f i e l d  o f th e  p o t e n t i a l  F e - r ic h  c o r d i e r i t e .  Thus i t  would 

a p p e a r  t h a t  th e  s t a b i l i t y  f i e l d  o f F e - c o r d ie r i t e  may be r e s t r i c t e d  t o  

p r e s s u re s  o f  l e s s  th a n  ab o u t 6 .5 k b .

I t  i s  c o n s id e re d  th e r e f o r e  t h a t  th e  breakdown o f g a rn e t t o  s i l l i m a n i t e ,  

o re ,  and b i o t i t e  in s te a d  o f t o  c o r d i e r i t e  in  th e  p e l i t i c  h o r n fe ls e s  in



TABLE 22

IRON CmTHT OF CORDIERITES FROM HORNFELSES

FeO

MgO

FeO X 100 
FeO+MgO

M 2 M 2 LM M 2

7 .2 6 8 .5 5 8 .6 1 7 .9 9 8 .55 9 .5 1

M i 6 .7 1 I S k 6M 2

L M k 52,26 M M 52.26 58.48

M i M 2 Bwl Bw2 m R

10 .09 12 .39 9 ,6 4 10.75 11 .12 14 .13

h Æ . 5.91 M M 5 ,6 0 M 52 .5.77

59 ,40 6 7 .7 0 AM.45. 65 .70 66 .65 7 1 .01

Fe

I%0

FeO X 100 
FeO+MgO

T o ta l  i r o n  h as  been ex p ressed  a s  FeO,

L32 -  L59 : from  th e  c o m p ila tio n  o f c o r d i e r i t e  a n a ly se s  by Leake ( I 96O).

Bwl -  Bw3 • from  B est and W eiss (l9 o 4 ) •

R : c o r d i e r i t e  from Arnage h o r n f e l s ,  c a lc u la te d  from  a n a ly s is  o f

c o r d ie r i t e - p la g io c la s e  r e s id u e  (Read, 1929)#
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th e  H avnef jo rd  d i o r i t e  i s  due m ainly  t o  th e  f a c t  t h a t  th e  p r e v a i l in g  

p re s s u re s  were to o  h ig h  f o r  th e  s ta b le  e x is te n c e  o f  th e  c o r d i e r i t e  t h a t  

m ight have form ed. The f a c t  t h a t  th e  em placement o f  th e  H avnef jo rd  

d i o r i t e  was synchronous w ith  re g io n a l  metamorphism n o t o n ly  means t h a t  

h ig h  p re s s u re s  would o b ta in ,  b u t a ls o  t h a t  th e r e  would p ro b a b ly  be an 

abundance o f w a te r . Ag shown by S ch rey er and Yoder (1964.) th e  s t a b i l i t y  

f i e l d  o f c o r d i e r i t e  i s  m arkedly d ec re a se d  under hydrous c o n d it io n s  (se e  

F ig ,  4.3 ) ,  and th e  p re sen ce  o f w a te r was p ro b ab ly  a  c o n tr ib u to r y  f a c t o r  

in  th e  p re v e n tio n  o f c o r d i e r i t e  fo rm a tio n .

I t  i s  o f i n t e r e s t  t o  n o te  t h a t  c o r d i e r i t e  i s  o f te n  dev e lo p ed  in  th e  

h o r n f e ls e s  a s s o c ia te d  w ith  some o f th e  Newer P lu to n ic  Gabbros o f  th e  N .E. 

G ram pians, e .g .  Am age (Read, 1923), Haddo House (Read, 1 9 3 5 ), B e lh e lv ie  

(S te w a r t ,  1 9 47), and In sc h  (S a d a sh iv a ia h , 1950, 1954-) « In  each  o f th e s e  

c a s e s ,  th e  c o u n try  ro ck s  in to  which th e y  have been  em placed a re  c o r d i e r i t e -  

b e a r in g  o r c o r d ie r i t e - a n d a lu s i t e - b e a r in g  s c h i s t s  and g n e is s e s .  The 

p re sen ce  o f c o r d i e r i t e  and a n d a lu s i te  in  th e  c o u n try  ro c k s  in d ic a te s  t h a t  

th e y  have n o t been r e g io n a l ly  metamorphosed under c o n d it io n s  o f  h ig h  

p r e s s u re .

I t  h a s  been  d em onstra ted  above, how ever, t h a t  th e  m etam orphic co n d i

t io n s  p r e v a i l in g  in  S / r / y  in v o lv e d  h ig h  p r e s s u re s  d u r in g  r e g io n a l  meteu- 

morphism, and t h a t  t h i s  p re c lu d e d  th e  grow th o f th e  lo w -p re s su re  m in e ra ls  

a n d a lu s i te  and c o r d i e r i t e ,  b o th  in  th e  c o u n try  ro c k s  and in  th e  h o r n f e l s e s .  

These m in e ra ls  a re  a l s o  a b se n t from  th e  a u re o le  o f th e  H asv ik  g ab b ro ,

S.W. S/$r/y ( S tu r t ,  p e rso n a l com m unication). T h is  gabbro was em placed 

synchronous w ith  th e  peak o f th e  r e g io n a l  m etam orphism , and th e  breakdow n
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o f g a rn e t to  s i l l i m a n i t e ,  s p in e l ,  h y p e rs th e n e , and o re  in s te a d  o f  to  

c o r d i e r i t e  i s  th o u g h t by S t u r t  to  be due to  h ig h  h y d r o s ta t i c  p re s s u re  a s  

e x p la in e d  above.

C o r d ie r i te  d ev e lo p s  in  th e  h o r n fe ls e s  a s s o c ia te d  w ith  th e  C ashel -  

Lough W heelaun in t r u s io n .  County Galway (Leake and S k irro w , I9 6 0 ) ,  and 

th e  c o u n try  ro c k s  o f t h i s  in t r u s io n  have p re v io u s ly  been  r e g io n a l ly  

m etam orphosed to  th e  s il l im a n ite -a lm a n d in e  f a c i e s  (L eake, 1 9 5 8 ). T h is  

i n t r u s io n  th u s  resem b les  th e  Grampian exam ples in  t h a t  c o r d i e r i t e  dev e lo p s  

in  th e  h o r n f e ls e s ,  b u t r e g io n a l  c o n d it io n s  seem t o  have been  com parable 

t o  th o se  o f S/^r/y s in c e  c o r d i e r i t e  and a n d a lu s i te  a re  a b se n t from  th e  

r e g io n a l  s c h i s t s .  I t  would ap p ear t h a t  c o n d it io n s  in  Galway m ight r e p re 

s e n t  d ep th s  vdiich were in te rm e d ia te  betw een th o se  o f S / r / y  and th e  

G ram pians.

Thus th e  p lu to n ic  in t r u s io n s  o f 8;6r/y ap p ear t o  be exam ples o f  syn - 

m etam orphic emplacement a t  p re s s u re s  p ro b ab ly  in  ex cess  o f 6 .5 k b . A lthough 

t e c to n ic  o v e rp re s su re s  may have been p re s e n t  d u r in g  r e g io n a l  metam orphism , 

th e y  were p ro b a b ly  n o t a c t iv e  a t  th e  tim e of em placem ent o f th e  p lu to n ic  

in t r u s io n s .  In  any c a s e , R u tlan d  (1965) c o n s id e rs  t h a t  th e  e f f e c t s  o f  

t e c to n ic  o v e rp re s su re s  a re  i n s i g n i f i c a n t  compared w ith  h y d r o s ta t ic  d e p th -  

p r e s s u re s .  Thus, p re s s u re s  o f 6 .5 k b . p ro b ab ly  r e p r e s e n t  d ep th s  o f abou t 

23 km. (S ch rey e r and Y oder, I 964.) , and t h i s  im p lie s  t h a t  th e  em placem ent 

o f  th e  main igneous complex o cc u rre d  a t  d ep th s  o f  t h i s  o rd e r .
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SUÎ IMARY OF PLUTONIC HISTORY

In the Husfjord area of Sfivjiy there has been a close relationship 

between the sequences of igneous, metamorphic, and structural events.

This is shown in Fig, 42, and a summary of these events is presented 

below.

(1) Deposition of Eocambrian sediments, presumably on the south-eastern 

shelf of the Caledonian geosyncline.

(2) Emplacement of a number of small pre-F^ basic sheets.

(3) First episode of folding, F̂ . This was long and complex and was 

characterized by recumbent isoclinal folds overturned towards the 

east and south-east. The regional metamorphism increased in intensity 

during the F̂  ̂movements, with the production of F^ schistosities.

(4.) Emplacement of Husfjord gabbro, probably during the waning stages 

of F̂ . Emplacement of troctolites.

(5) Emplacement of small post-F^ basic sheets.

(6) Peak of the regional metamorphism (upper almandine-amphibolite
facies) in static period between Pi and F2, with the formation of 

kyanite, sillimanite, and garnet static porphyr oblast s.

(7 ) Migmatization and feldspathization associated with highest grades 

of the regional metamorphism.

(3) Emplacement of early diorites into the Husfjord metagabbro.

(9) Second episode of folding, F2. This was also long and complex,

the main phase being characterized by orthorhombic and monoclinic 

fold styles.

The regional metamorphism waned during the F^ movements.
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(10) Emplacement o f K obberf jo rd  n o r i t e  d u r in g  ^2» tie fo re  th e  i n t e n s i t y  

o f th e  r e g io n a l  metamorphism had dropped b e n e a th  th e  g a rn e t  

is o g ra d .

(11) Emplacement o f H avnef jo rd  d i o r i t e  a t  a  l a t e r  s ta g e  o f th e  ^2 

movements.

(12) Emplacement o f c o a rs e -g ra in e d  p y ro x e n e -m ic a -d io r i te s ,  a l s o  d u rin g  

th e  F2 movements.

(1 3 ) Emplacement o f q u a r tz  d i o r i t e s .

(The r e l a t i v e  age o f  th e  Kom agfjord d i o r i t e  i s  n o t known).

(14.) Emplacement o f S l a t t e n  gabbros and V atna gabbro*

(15 ) Emplacement o f p e r th o s i t e s .

(16 ) Emplacement o f l a t e  b a s ic  dykes and n e p h e l in e - s y e n i te  p e g m a tite s .

(17 ) L a s t  r e t r o g r e s s iv e  s ta g e s  o f r e g io n a l  metamorphism u n d er s t a t i c  

c o n d i t io n s ,  d u rin g  w hich b i o t i t e  and m uscov ite  were form ed. 

Emplacement o f narrow  a c t i n o l i t i c  m etasom atic v e in s .

(13) L a te - s ta g e  F2 b r i t t l e  movements, w hich under th e  c o o le r  c o n d it io n s

produced sm all sh e a rs  and m y lo n ite s .
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NOTE ON TECHNIQUES OF MACRO POINT COUNTING

The e a r ly  d i o r i t e  bands and th e  l a t e  d i o r i t e  s h e e ts  in  th e  H u s fjo rd  

a r e a  a re  c o a r s e -g ra in e d  ro c k s ,  w ith  f e ld s p a r  c r y s t a l s  up to  ab o u t 2 cm. 

in  le n g th .  T h is  means t h a t  an a c c u ra te  modal a n a ly s is  i s  d i f f i c u l t  to  

o b ta in  by norm al m ic ro sco p ic  p o in t  c o u n tin g  m ethods.

I t  i s  g e n e ra l ly  c o n s id e re d  t h a t  f o r  an a c c u ra te  modal a n a ly s i s ,  

a  minimum a re a  o f 100 tim es  th e  a re a  o f th e  l a r g e s t  g ra in  in  th e  ro ck  

p ro v id e s  a r e p r e s e n ta t iv e  sample o f a  s t r u c t u r e l e s s  p lu to n ic  ro ck  

(L a rsen  and M il le r ,  1 9 3 5 ). Thus a  s in g le  t h i n  s e c t io n  o f  th e s e  c o a rse 

g ra in e d  d i o r i t e s  would be m ost u n l ik e ly  t o  show th e  t r u e  p ro p o r t io n s  

in  w hich th e  v a r io u s  m in e ra ls  in  th e  ro ck  o c cu r . The c o a r s e r  th e  g r a in -  

s i z e ,  th e  g r e a te r  th e  number o f t h in - s e c t io n s  t h a t  need to  be coun ted  

(C hayes, 1 9 56).

A l te r n a t iv e  methods a re  t o  an a ly se  a l a r g e  number o f t h i n  s e c t io n s  

c u t  s t a t i s t i c a l l y  from  each hand sam ple, o r t o  p o in t  co u n t l a r g e  s la b s  

w hich have been  c u t  frcan th e  hand specim en and p o l is h e d .  I t  was d ec id ed  

to  u se  th e  l a t t e r  method f o r  th e  c o a rs e -g ra in e d  d i o r i t e  s .

A d ev ice  f o r  p o in t  co u n tin g  la r g e  s la b s  i s  n o t m anufac tu red  com

m e r c ia l ly ,  b u t s e v e ra l  w orkers have d e v ise d  t h e i r  own a p p a ra tu s  f o r  

macro p o in t  c o u n tin g , w ith  v a ry in g  d e g re e s  o f  su c c e ss .

Jack so n  and Ross (1956) used  a m ethod w hich e n ta i l e d  co v e rin g  an 

e tc h e d  and s ta in e d  p o lis h e d  s la b  w ith  a  Zip-A-Tone d o t p a t t e r n ,  and 

co u n tin g  th e  m in e ra ls  under th e  d o ts  w ith  a m a g n if ie r .  They l i s t  th r e e  

l i m i t a t i o n s  t o  t h i s  m ethod: f i r s t ,  i t  i s  on ly  a p p l ic a b le  t o  m in e ra ls
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which a re  i d e n t i f i a b l e  in  s la b s ;  second , th e  g r a in s  m ust n o t be l e s s  th a n  

2 -  3 m.m. in  s iz e ;  t h i r d ,  sm a ll g ra in s  a re  c o n cea led  under th e  d o ts .

T h is  t h i r d  drawback would seem to  th e  p re s e n t  w r i te r  t o  be a  r a t h e r  

im p o rta n t one to  overcome. Jack so n  and Ross c o n s id e r  t h a t  1 ,0 0 0  p o in ts  

i s  th e  minimum number t h a t  sh o u ld  be coun ted  f o r  r e l i a b l e  r e s u l t s .

F i t c h  (1959) su g g ested  a  v a r i a t io n  on t h i s  method in  w hich a  

g r a t i c u le  i s  p re p a re d  w ith  a  c o -o rd in a te  r e fe re n c e  g r id  and cem ented 

on to  th e  s ta in e d  s u rfa c e  of a  p o lis h e d  s la b .  The m in e ra ls  under th e  

i n t e r s e c t i o n  o f th e  g r id  l i n e s  a re  co u n ted  w ith  a b in o c u la r  m icro sco p e , 

th e  s la b s  b e in g  moved under th e  m icroscope by hand on th e  m icroscope 

s ta g e .

A more s o p h is t ic a te d  te c h n iq u e  was d e v ise d  by Emerson (1 9 5 3 ), 

i n  w hich th e  s ta in e d  s la b  i s  p la c e d  on a  p la tfo rm  w hich i s  moved 

m e c h a n ic a lly  by tu rn in g  a  screw . T h is  method i s  a l s o  b e t t e r  th a n  

p r e v io u s ly  d e s c r ib e d  ones because  no r e fe r e n c e  g r id  i s  p la c e d  on th e  

specim en i t s e l f .  The p o in t  o f r e fe r e n c e  i s  p ro v id e d  by c r o s s - h a i r s  

en g raved  on a  g la s s  p l a t e ,  upon which a  m agn ify ing  g la s s  l i e s ,  and 

u n d er w hich th e  specim en moves.

P la fk e r  (1956) f i t t e d  a  m ic ro sco p ic  p o in t  c o u n te r  m ech an ica l 

s ta g e  t o  th e  ad ap ted  s ta g e  o f a  b in o c u la r  m ic ro sco p e . P o lish e d  s la b s  

were p la c e d  on th e  m echan ica l s ta g e  suid p o in t  co u n ted  in  th e  norm al way.

Sm ithson (1963) h as developed  a  m achine w hich i s  s p e c i f i c a l l y  

d es ig n e d  f o r  p o in t  co u n tin g  p o lis h e d  s la b s .  I t  c o n s i s t s  o f  a  s ta g e  

w hich can be moved l a t e r a l l y  in  two d i r e c t io n s  a t  r ig h t - a n g le s  t o  one 

a n o th e r  a t  s e t  i n t e r v a l s  by means o f k n u r le d  knobs. The p o lis h e d  s la b
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i s  s e t  on m o d e llin g  c la y  upon th e  s ta g e .  A b in o c u la r  m icroscope 

b e a r in g  c ro s s -w ire s  i s  e r e c te d  over th e  s ta g e ,  and m in e ra ls  a re  cou n ted  

in  th e  norm al m anner. The maximum a r e a  t h a t  can be co v ered  by t h i s  

a p p a ra tu s  i s  ab o u t 30 sq . cm. Sm ithson s ta in e d  th e  s la b  f o r  p o ta sh  

f e ld s p a r  o n ly , and th e n  la c q u e re d  i t .  The p o ta sh  f e ld s p a r  showed up 

y e llo w , p la g io c la s e  f r o s ty  w h ite , q u a r tz  v i t r e o u s  c l e a r ,  and b i o t i t e  

y e llo w ish -g re e n  ( th e  ro ck  b e in g  a  g r a n i t e ) .  A ccesso ry  m in e ra ls  c o u ld  

n o t  be d is t in g u is h e d .

B a r r a t t  and P ar slow  ( I 966) have made a p ie c e  o f a p p a ra tu s  resem 

b l in g  in  p r in c ip le  t h a t  o f  S m ithson, b u t h av in g  a r a t h e r  d i f f e r e n t  

d e s ig n . They found t h a t  s ta in in g  th e  p o lis h e d  s la b s  was tro u b le so m e , 

and d e c id e d  t o  coun t u n s ta in e d  s la b s .

In  each  o f th e  m ethods t h a t  have been  m entioned  so  f a r ,  i t  i s  

p o s s ib le  t o  d i s t in g u is h  betw een p o ta sh  f e ld s p a r ,  p la g io c la s e ,  and q u a r tz .  

However, i t  i s  n o t p o s s ib le  t o  d i s t in g u is h  c o n f id e n t ly  betw een v a r io u s  

m afic  m in e ra ls  o r  t o  i d e n t i f y  a c c e sso ry  m in e ra ls .  C le a r ly ,  th e  p o in t  

co u n tin g  o f  s la b s  a lo n e  i s  n o t s a t i s f a c t o r y  in  d e te rm in in g  a f u l l  modal 

a n a ly s is  o f  a  ro c k . A method com bining th e  u se  o f  s la b s  and t h i n  

s e c t io n s  i s  needed .

N e s b i t t  (1964 ) h a s  u sed  a  method in  w hich th e  p h e n o c ry s ts  in  th e  

s ta in e d  s la b  o f a  p o r p h y r i t ic  ro ck  a re  o u t l in e d  in  in k  and t r a c e d  o f f  

o n to  t r a c in g  p a p e r . T h is  p ap er i s  th e n  p la c e d  over g raph  p a p e r , and 

th e  p o in ts  u n d er th e  in t e r s e c t io n s  o f th e  g r id  a re  c o u n te d . In  t h i s  

way p o ta sh  f e ld s p a r  p h e n o c ry s ts , p la g io c le ise  p h e n o c ry s ts ,  and m a tr ix  

a re  co u n ted . T h in  s e c t io n s  o f th e  ro ck  a re  th e n  c o u n ted , o m ittin g  th e
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p h e n o c ry s ts .  These l a t t e r  r e s u l t s  a re  r e c a lc u la te d  t o  a  t o t a l  eq u a l 

t o  th e  m a tr ix  v a lu e  in  th e  macro p o in t  c o u n tin g . The two s e ts  o f d a ta  

a re  th e n  combined t o  form a  com plete a n a ly s is .

In  th e  te c h n iq u e  u sed  by th e  p re s e n t  w r i te r  t o  a n a ly se  th e  c o a rse 

g ra in e d  d i o r i t e s ,  th e  a p p a ra tu s  was b ased  on t h a t  o f S m ithson , and th e  

t h e o r e t i c a l  approach  was s im i la r  to  t h a t  o f  N e s b i t t .

The a p p a ra tu s  f o r  making th e  modal a n a ly s is  o f  p o lish e d  s la b s  was 

made in  th e  S cien ce  Workshop a t  B edford C o lle g e , London. P la te s  235 and 

236 show th e  equipm ent s e t  up f o r  modal a n a ly s is .

The m achine c o n s is t s  o f  a  c i r c u l a r  b ra s s  p l a t e  10 cm. in  d iam e te r  

mounted on a screw  15 cm. in  l e n g th ,  w hich when tu rn e d ,  t r a n s p o r t s  th e  

p la t e  in  a  'N-S* d i r e c t io n .  T h is  screw , to g e th e r  w ith  th e  p l a t e ,  i s  in  

tu r n  mounted on a n o th e r  screw , a l s o  15 cm. in  le n g th ,  which i s  cap ab le  

o f  t r a n s p o r t in g  th e  p l a t e ,  to g e th e r  w ith  th e  N-S screw  in  an *E-W* d i r e c 

t i o n .  The screw s a re  tu rn e d  b7 means o f k n u r le d  k n o b s , and a  b a l l - a n d -  

so c k e t a rran g em en t a llo w s th e  knobs t o  be tu rn e d  i n  e q u a lly -sp a c e d  'c l i c k s * .  

At each 'c l ic k *  th e  b ra s s  p la te  moves l a t e r a l l y  -J- mm. The minimum 

sp ac in g  o f  p o in ts  i s  th e r e fo r e  mm., w hich i s  sm a ll enough f o r  c o a rse 

g ra in e d  ro c k s .  L a rg e r  i n t e r v a l s  may be u se d , s im p ly  by making say  2 o r 

4  jumps betw een c o n se c u tiv e  p o in ts  co u n ted .

The a re a  t h a t  can  be covered  by movement a lo n g  th e s e  two screw s i s  

ap p ro x im a te ly  100 sq .cm . However, th e  d ev ice  can  be s l i d  a lo n g  a  groove 

i n  th e  b ase  o f  th e  a p p a ra tu s  f o r  a  d is ta n c e  o f ab o u t 30 cm ., g iv in g  a 

maximum a re a  o f ap p ro x im a te ly  3OO sq .cm . i f  r e q u i r e d .

A b in o c u la r  m ic ro sco p e , w ith  c ro s s -w ir e s  f i t t e d ,  was mounted over



P la te  235- Macro p o in t  c o u n tin g  equipm ent.

P la te  236 . Macro p o in t  co u n tin g  equipm ent
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th e  a p p a ra tu s ,  and an o rd in a ry  p o in t  c o u n tin g  t a b u la to r  was u sed  to  

re c o rd  th e  p o in ts .

The s la b s  were p lac ed  on th e  b ra s s  p la tfo rm , h o r i z o n ta l i t y  b e in g  

en su red  by s e t t i n g  them in  p l a s t i c i n e  and t e s t i n g  w ith  a  s p i r i t  l e v e l .  

They were th e n  i l lu m in a te d  by two lam ps.

The p re p a ra t io n  of th e  s la b s  was a s  fo llow s*  A f te r  th e  s la b s  had 

been  c u t  w ith  a diamond saw, t h e i r  p o r o s i ty  was e l im in a te d .  T h is  was 

done by h e a t in g  them in  a  Bunsen flam e and a p p ly in g  L a k e s id e , w hich 

f i l l e d  th e  p o res  p re v io u s ly  occup ied  by a i r .  The s la b s  were th e n  ground 

on s t e e l  la p s  w ith  f in e  carborundum .

They were th e n  s ta in e d  f o r  p o ta sh  f e ld s p a r  and p la g io c la s e  by a 

method based  on t h a t  o f B a ile y  and S tev en s  ( i9 6 0 ) .  T h e ir  s u r f a c e s  were 

e tc h e d  by im m ersing them in  lfi%  HF f o r  ab o u t 5 m in u te s . On rem oval 

from  th e  HF th e y  were washed g e n tly  in  w a te r  and th e n  soaked w e ll  i n  

5? BaCl s o lu t io n  f o r  20 -  30 seconds. A f te r  c a r e f u l  w ashing i n  d i s t i l l e d  

w a te r  th e y  were immersed in  s a tu r a te d  sodium c o b a l t i n i t r i t e  s o lu t io n  

u n t i l  th e  y e llo w  s ta in in g  o f  th e  p o ta sh  f e ld s p a r  was o f  a  s a t i s f a c t o r y  

h u e . They were th e n  r in s e d  c a r e f u l ly ,  and th e  s u r fa c e s  co v ered  w ith  

p o ta ss iu m  rh o d iz o n a te  (0 .0 5  gm. in  20 m l. d i s t i l l e d  w a te r ) ,  u n t i l  th e  

p la g io c la s e  was s ta in e d  a  b r ic k  r e d .  They were th e n  g iv en  a  f i n a l  wash, 

and when d ry ,  were sp ray ed  w ith  t r a n s p a r e n t  la c q u e r  t o  p re se rv e  th e  

s u r f a c e s .  The w ashings were n ev er done in  ru n n in g  w a te r ,  b u t in  a  

s in k  f u l l  o f  s lo w ly  changing  w a te r , i n  o rd e r  to  p re se rv e  th e  d e l i c a t e  

s t r u c tu r e s  on th e  e tch ed  s u r fa c e s  o f th e  s la b s .

The q u a l i t y  o f  th e  s t a i n  was found t o  v a ry  from  ro ck  to  r o c k .
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The q u a r t z - d io r i t e s  s ta in e d  w e ll f o r  b o th  p o ta sh  f e ld s p a r  ( b r ig h t  

y e llo w ) and p la g io c la s e  (b r ic k  r e d ) ,  b u t th e  e a r ly  d i o r i t e s  and th e  

l a t e  p y ro x e n e -m ic a ^ d io r ite s  were d i f f i c u l t  t o  s t a i n .  The p o ta sh  f e ld 

s p a r  s t a i n  was p a le ,  and th e  p la g io c la s e  s t a i n  was n o t v e ry  s a t i s f a c t o r y .  

In  s p i t e  o f numerous r e -g r in d in g s  and r e - e tc h in g s  f o r  v a ry in g  le n g th s  o f 

t im e , no su cc e ss  was ach iev ed  w ith  th e  p la g io c la s e  s t a i n  f o r  th e s e  ro c k s  

In  th e s e  c a se s  i t  was d ec id ed  to  s t a in  o n ly  f o r  p o ta sh  f e ld s p a r ,  a s  in  

th e  method u sed  by Sm ithson (I963). To do t h i s ,  th e  s te p s  in  th e  

s ta in in g  p ro ced u re  in v o lv in g  BaCl s o lu t io n  and p o tass iu m  rh o d iz o n a te  

s o lu t io n  were o m itte d . A f te r  ap p ly in g  la c q u e r  t o  th e s e  s la b s ,  i t  was 

found  t h a t  th e  p la g io c la s e  showed up f r o s t y  w h ite .

The s la b s  th em se lv es  were i r r e g u l a r  in  shape , s in c e  trim m ing to  

a  r e c t i l i n e a r  form  cau ses  th e  lo s s  o f  s u r fa c e  a r e a .  The a r e a  o f  th e  

l a r g e s t  s la b  was ab o u t 90 sq.cm . N orm ally , th e  s la b  was coun ted  a t  

i n t e r v a l s  o f 1 mm. ( i . e .  two jumps o f th e  m echanism ). Two o r th re e  

s la b s  were c u t  from  each specim en, and th e  r e s u l t s  o f  th e  c o u n ts  on each 

s la b  were av erag ed  t o  g iv e  a  v a lu e  f o r  th e  specim en a s  a  w hole.

As m entioned  p re v io u s ly ,  macro p o in t  co u n tin g  m ethods a lo n e  canno t 

g iv e  a com plete  modal a n a ly s is  o f a  ro ck  c o n ta in in g  numerous d i f f e r e n t  

m afic  m in e ra ls  and a c c e s so ry  m in e ra ls .  On th e  o th e r  hand, m icro  p o in t  

c o u n tin g  m ethods a lo n e  can n o t g iv e  a  s a t i s f a c t o r y  modal a n a ly s is  o f  a  

c o a r s e -g ra in e d  ro ck  u n le s s  a  v e ry  la r g e  number o f t h i n  s e c t io n s  a re  

a n a ly s e d . T h e re fo re , a  com bination  o f th e s e  m ethods was em ployed.

The procedure adopted by Nesbitt (1964) i s  only satisfactory i f  

the difference in size between feldspar phenocrysts and matrix feldspars
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i s  m arked. In  th e  ro ck s  u n d e r p re s e n t  d is c u s s io n ,  th e  f e ld s p a r  pheno

c r y s t s  a re  o f v a ry in g  s iz e s  and grade in to  th e  more c o a r s e -g ra in e d  of 

th e  m a tr ix  f e ld s p a r s .  Thus th e  d e f i n i t i o n  o f  p h e n o c ry s ts  i s  ambiguous 

and N e s b i t t 's  method canno t be u se d .

I t  was found  t h a t  th e  s ta in in g  o f th e  s la b s  was d e l i c a t e  enough 

t o  in d ic a te  th e  t e x tu r e s  o f p e r t h i t e  and ' a n t i p e r t h i t e , th u s  making i t  

p o s s ib le  t o  make a  com plete a n a ly s is  f o r  th e  f e ld s p a r s  by th e  macro 

p o in t  c o u n tin g  method.' From th e  co u n tin g  o f th e  s la b s  th e  p e rc e n ta g e s  

o f  p o ta sh  f e ld s p a r ,  p la g io c la s e ,  and ' re m a in d e r ' w ere o b ta in e d .

T hin  s e c t io n s ,  which were made from  th e  same specim ens from  which 

th e  s la b s  were c u t ,  were th e n  a n a ly se d  by th e  norm al m icro  p o in t  co u n tin g  

te c h n iq u e . G e n e ra lly , two o r th re e  s e c t io n s  from  each  sam ple were 

c o u n te d , th e  r e s u l t s  b e in g  av erag ed . In  th e  m icro  a n a ly s i s ,  p o ta sh  

f e ld s p a r  and p la g io c la s e  were p assed  o v er w ith o u t c o u n tin g  them , and 

o n ly  th e  m in e ra ls  c o n s t i tu t in g  th e  ' re m a in d e r ' o f  th e  macro a n a ly s is  were 

c o u n ted . In  t h i s  way, th e  p ro p o r t io n  o f  each  m in e ra l in  th e  ' re m a in d e r ' 

was de te rm in ed  a s  a  p e rce n tag e  o f th e  're m a in d e r* . These v a lu e s  were 

th e n  r e c a lc u la te d  t o  make t h e i r  sum e q u a l t o  th e  v a lu e  o f  th e  're m a in d e r ' 

a s  d e te rm in ed  by th e  macro m ethod. Thus a  co m p le te , d e t a i l e d  modal 

a n a ly s is  o f  th e  ro ck  was o b ta in e d .

Each o f th e  c o a rse  d i o r i t e s  was a n a ly se d  in  t h i s  way. In  a d d i t io n ,  

some co m p le te ly  m ic ro sco p ic  modal a n a ly s e s  o f each  ro ck  were c a r r i e d  o u t 

s in c e  th e  number o f la r g e  specim ens s u i t a b le  f o r  s lab -m ak ing  was l im i te d .

A check on th e  accu racy  o f  th e  a n a ly se s  was made by c a lc u la t in g  

th e  p e rc e n ta g e s  a f t e r  1 ,0 0 0  p o in ts  had been c o u n te d , and th e n  a g a in
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a f t e r  2 ,0 0 0 . I f  th e  r e s u l t s  d i f f e r e d  s i g n i f i c a n t l y ,  th e n  a  f u r t h e r  

1 ,0 0 0  p o in ts  w ere co u n ted  and th e  p e rc e n ta g e s  c a l c u l a t e d .  T h is  p ro c e ss  

was r e p e a te d  u n t i l  th e  d is c r e p a n c ie s  w ere in  th e  o rd e r  o f 1 -  2 p e r  

c e n t .  I n  m ost c a s e s  4 ,000  -  5 ,000  p o in t s  were c o u n te d , b u t  in  th e  more 

h e te ro g e n e o u s  sp ec im en s, 6 ,0 0 0  o r 7 ,0 0 0  p o in ts  were co u n te d .

The w r i t e r  c o n s id e rs  t h a t  th e  m ethod o f com bined m icro  and macro 

p o in t  c o u n tin g  can  be v e ry  a c c u ra te  f o r  c e r t a i n  c o a r s e -g ra in e d  ro c k s  

w ith  f a i r l y  sim p le  t e x t u r e s .  The a c c u ra c y  d e c re a s e s  a s  th e  t e x t u r e  

becomes more com plex b ecau se  i t  i s  d i f f i c u l t  t o  o b ta in  a c c u ra te  s ta in in g  

w ith  th e  more c o m p lica ted  t e x t u r e s .  In  ex trem e c a s e s ,  i t  w ould p ro b a b ly  

be more s a t i s f a c t o r y  to  a n a ly s e  a v a s t  number o f  t h i n  s e c t io n s  by m ic ro s

c o p ic  m ethods. However, in  any c a s e , th e  a c c u ra c y  o f  any m acro a n a ly s is  

i s  m a in ly  a  fu n c t io n  o f th e  q u a l i t y  o f th e  s t a i n .
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