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INTRODUCTION 

The Mitchell  Range map-area, located 240 kilometres  northwest of Prince 
George, i s  within  the  Stuar t  Lake Belt of the Cache Creek Group (Permian). 
The Cache Creek Group consists  predominantly of massively bedded carbonate 
rocks  with minor  amounts of laminated  cher t -s i l ts tone and sha ly   s i l t s tone .  
The carbonate  succession  extends from the  Mitchell Range 120 kilometres 
southeastward to the  Fort  St. James area where it a t t a i n s  a thickness of 8 
kilometres  (Armstrong, 1949). 

The southeast-striking  carbonate  succession is folded  into an open 
an t ic l ine-syncl ine  pair immediately  south of the  Mitchell Range ul t ramafic  
rocks. The open folds  have  subhorizontal   east-southeast-trending  fold axes 
suggesting  compression from the south-southwest  associated  with  thrust  
f a u l t i n g  and obduction of the  Mitchell Range allochthonous  rocks. 

Chromite  occurrences in   the  Mitchel l  Range  were documented in  Armstrong's 
1949 memoir. Little (1947) descr ibed   u l t rabas ic  and associated  rocks of 
the Middle  River Range, approximately 70 kilometres  southwest of the  
Mitchell  Range ultramafic  rocks.  Since  then  various  companies and 
individuals  have shown an i n t e r e s t   i n  the chromite and nephr i t e   ( 'B r i t i sh  
Columbia j ade ' )   po ten t i a l  i n  the  area. 

PREVIOUS WORK 

Previous  geological work w a s  of a reconnaissance  nature,   primarily  by 
geologis t s  of the  Geological  Survey of Canada.  Selwyn (1872) examined the 
area between  Quesnel and Peace  River,  followed a few yea r s   l a t e r  by Dawson 
(1878, 1881 1. McConne11 (1896) reported on the areas  drained by the  Finlay 
and Omineca Rivers and a l so   v i s i t ed   t he   p l ace r   go ld   f i e lds   a t  Germansen 
Landing and Manson Creek,  northeast of the  Mitchell Range ultramafic  rocks. 
Camsell ( 1916) reported on the   nor thern   in te r ior  of Br i t i sh  Columbia, 
Hanson (1925) on the  area from Prince  Rupert to Burns  Lake, and Lay (1 926- 
19391, of the   Br i t i sh  Columbia Department of  Mines,  examined  numerous 
mineral deposi ts  and p l a c e r   f i e l d s  i n  the  northeastern  mineral  survey 
d i s t r i c t .   I n  1934 Kerr examined placer   deposi ts  a t  Manson and S l a t e  
Creeks.  Regional mapping  of the Fort St. James area began i n  1936 and 
ended i n  1944; it was coordinated by J.E. Armstrong (1949) .  
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GENERAL GEOLOGY 

MITCHELL RANGE ALLOCHTHON 

Allochthonous  rocks  within  the  Mitchell Range cons is t   p r imar i ly  of 
harzburyite  with minor dunite  (Figure 1); they are everywhere  serpen- 
t inized.  Sparse  pre-tectonic  orthopyroxenite  veins and gabhro  dykes are 

obduction.  Alteration  dykes o€ a l b i t i t e - r o d i n g i t e  are simi1.ari ly deformed. 
deformed and r e f l e c t   i n t e r n a l  deformation  presumably  developed  during 

Chromit i te   layers  and layers  with  disseminated  chromite  exhibit  variable 
degrees of deformation  within  the  harzburgite, from isoc l ina i l   fo lds   to  
br i t t le  segmented planar   layers .  

Xenoliths of Cache Creek Group rocks up to several   square  kilometres .in 
area  that   occur   in   the  serpent inized  ul t ramafic   rocks  (Fiqure 1) appear t o  
have  been rotated  during  t ransport .   Contacts  between harzburgite  and 
xenol i ths   regular ly   exhib i t  a 0.5-metre-thick,  highly f i s s i l e  zone; 
r a re ly ,  a 1 t o  2-metre-thick  amphibole-rich  alteration zone is deve1o:ped i n  
the  harzburgi te .  

La ter   in t rus ions   a re  now seen as meta-gabbro (Figure 1) and meta-diorite 
dykes.  Clinopyroxene in the  dykes has been a l t e r e d   t o  amphibole  but 
primary  sub-ophitic and equigranular  medium-grained textures   are   preserved.  
These  dykes may be derived from the   d io r i t i c -g ranod io r i t i c   H i t che l l  Range 
Batholith  (Armstrong, 1949) which occurs 2.5 kilometres west of the 
u l t ramaf ic  body. 

STRUCTURE 

The Mitchell  Range ul t ramafic   a l lochthon is bounded by north-northeast  and 
east-trending  l ineaments  (Figure 1).  Rocks of the Cache Cnsek Group occur 

Jurass ic )   c rop   ou t   to   the   nor th ,  and the  Mitchell   Batholith (Upper Ju.rassic 
to   the  south and east,  Takla Group volcanic  rocks (Upper Triassic to Upper 

t o  Lower Cretaceous;  Armstrong, 1949) has  intruded to the  west. 

Serpentinized  harzburyite of the Mitchell  Ranye allochthon exh ib i t s  a 
strongly  developed  penetrative  north-northeast-trending ductile shear 
fo l i a t ion   (F igu re  2 ) .  Dip of the   fo l i a t ion  changes Eran westerly i n  the  
western part of the area t o   e a s t e r l y   i n   t h e   e a s t .  The contour maxima. on 
Figure 2 i nd ica t e  a preferred  north-northeast   fol ia t ion  but   they are 
centred  about an east-southeast  great c i r c l e   g i r d l e ,   i n d i c a t i v e  of a broad 
north-northeast-trending  antiform.  Internal  breccia zones  occur i n  t h e  
harzburyite  with  well-rounded, randomly oriented,  pebble  to  cobble-sized 
fragments set in  a f i n e l y  comminuted serpent in ized  matrix. The nor theas t  
and eas t -cent ra l   a reas  of the  ultramafic  massif  are  underlain by tect.onic 
breccia   (Figure 1 ) .  The breccia  has  sub-angular  fragments up t o  2 metres 

This  coarse  tectonic  breccia  appears to represent   the  sole  of t h e  
i n  s i z e  t h a t  are predominantly of harzburgite  with minor  amounts of dunite.  

allochthonous  ultramafic  rocks. 
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Figure 2. Contoured  stereo-proJection of poles to fol  latltm 
planes,  Mitchell  Range (135 poles);  contour 
Interval, 2 per  cent  per  1-per-cent  area. 

TECTONIZED  HARZBURGITE 

Tectonized  and  serpentinized  harzburgite  comprise  approximately 90 pe!r cent 
of  outcrop  in  the  Mitchell  Range  allochthon.  Its  mottled,  foliated 
weathered  surface  is  deep  brown  with  pale  silvery  brown  talcose  patches. 
On fresh  surfaces  it  is  mottled  black-green  to  black-brown.  Talcose 
patches  are 0.5 to  1.5  centimetres  in  size  and  are  pseudomorphic aftw 
sheared  orthopyroxene.  Intense  shearing  in  some  outcrops  has  resulted  in 
mechanical  segregation of orthopyroxene  and  olivine  into  granular,  1.0  to 
1.5-centimetre-thick,  discontinuous  layers. A braided,  rippled  weathered 

olivine-rich  layers.  More  extensive  shearing  led to  development  of well 
surface  results  because  orthopyroxene-rich  layers are  more  resistant  than 

rounded 2 to  10-centimetre  augen-shaped  clots  of  coarse-grained 
orthopyroxene  pseudomorphed by talc.  Orthopyroxene  augen  in  fine-grained 
olivine-rich  harzburgite  usually  exhibit  length  to  width  ratios  of 3: 1. 

Less  intensely  foliated  harzburgite  showing  pre-tectonic  cumulate  texture 
crops  out  discontinuously  in  a  narrow  zone  along  the  east-central  part of 
the  ultramafic  massif.  It  is  variably  medium  to  coarse-grained  with 

coarse-grained  harzburgite  exhibits  primary  magmatic  olivine  poikilitically 
subhedral  orthopyroxene  and  anhedral  olivine. On the  northeast  ridge,  very 

enclosed  in  orthopyroxene;  both  are  anhedral. 

Harzburgite  hosts  all  but  one  of  the  layered  and  nodular  aggregate  and 
massive  chromitite  Occurrences.  Disseminated  accessory  chromite  occurs 
throughout  the  ultramafic  rocks  and  varies  fran  a  trace  to 2 per  cent  of 
the  rock. 
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DUNITE 

Dunite  occurs in approximately 1 to 2 per  cent of the  outcrqp  area as 
con to r t ed ,   i r r egu la r ly  shaped  patches  that   ref lect   the   internal   deformation 
in the   ul t ramafic  body. A planar   duni te   layer ,  15 metres  long and 30 
cent imetres   thick is one exception.  Dunite  weathers  with a smooth,  orange- 
brown surface and is waxy brownish  green on f resh  surfaces .  It cons i s t s  of 
f i n e  to medium-grained anhedral  olivine.  It is f o l i a t e d  so is f i n e l y  

grained and subhedral. With the  exception of one chromiti te  layer  (Table 
f i s s i l e  on weathered  surfaces.  Accessory  chromite is f ine   t o  medium 

1, l oca t ion  X5) no other  anomalous concentrat ions of chromite were observed 
in   t he   dun i t e .  

PRE-EMPLACEMEW GABBRO 

Segmented and deformed  gabbro  dykes  occur pr imari ly  in the   cen t r a l  and 
southwestern  parts of the  Mitchell  Range allochthon. They are f i n e  
grained,  serpentinized, and vary i n  thickness  from 5 cent imetres   to   1 , .5  
metres. Dyke segments or  boudins  are up t o  3 metres long and  form open to  
i soc l ina l   fo lds .  The dykes  have associated  dyke-l ike  a l terat ion zones  with 
planar  or 'pinch and swell' t o  boundinaged s t ruc tu res .  These a l t e r a t i o n  

equiqranular.  Colour var ies  from bone white t o  pastel shades  of brown, 
zones  consist of rod ingi te  and are   very   f ine   g ra ined   to   aphani t ic  and 

green, and pink.  Contacts between harzburgi te  and t h e   a l t e r a t i o n  zones are 
sharply  defined  with a 1 to 3-centimetre  aphanitic  black-green  selvage. 

POST-EMPLACEMEW GABBRO 

Generally  north-south-trending  gabbro  dykes  (Figure  1) up t o  15 metres 
th ick   in t rude   the   harzburg i te  i n  the  north,   central ,  and southern parts of 
the  massif.  This  gabbro is f ine  to medium grained  with  sub-ophitic t s D  

equigranular   t ex ture  and is not   serpent inized.  In places  clino-pyrox,ene 
has  been a l t e r e d   t o  amphibole, and pale  green  plagioclase w a s  
s aussu r i t i zed .  

CACHE CREFX  GROUP 

area,   occur in the   southern  par t  of the  massif. Smaller xenol i ths  of 10 
Xenoliths of the  cache Creek Group (Figure  1) up to 1 square  kilometre i n  

xeno l i th s  c o n s i s t  of  limestone and dolos tone ,   s i l t s tone  w i t h  che r t  
t o  300 square metres are dis t r ibuted  through  the  northern  par t .  The 

laminae, and sha ly   s i l t s tone .  

Limestone  xenoliths are th i ck ly  bedded  and f i n e  grained w i t h  equigranular  
texture.   Small ,  2 t o  10-centimetre,  chert  nodules  in  the  carbonate  blocks 
are contorted  with  thin,  1 to 3-mill imetre,   quartz  veins  originating from 
them.  Black s i l t s t o n e   x e n o l i t h s  have  grey  0.5 t o  2-millimetre che r t  
laminae which are highly  contor ted and brecciated.  
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CHROMITE  OCCURRENCES 

and  southwestern  parts  of  the  Mitchell  Range  allochthon,  although  several 
Chromite  occurrences  (Figure 1, Table 1) are  concentrated in the  central 

occurrences  are  scattered  on  the  northeast  ridge.  The  Bob  and  Simpson 
deposits  described  by  Armstrong (1949) were  examined  and  sampled. 

Chromite  occurs  in  disseminated  and  layered  form,  as  aggregate  and  massive 
chromitite  in  layers,  and  as  discrete  nodules  (Figure 3 ) .  Chromite 
nodules  exhibit  both  aggregate  and  massive  chromitite  textures. 

Accessory  chromite  is  widely  disseminated  throughout  the  ultramafic  rocks 
and  varies  from  a  trace  to 2 per  cent.  In  this  form  it  is  very  fine to 
fine-grained  and  subhedral  to  euhedral.  Medium-grained,  disseminated 
chromite  occurs  rarely  and  is  either  anhedral  or  forms  aggregates  of  two 
to four grains. 

Layered  chromite  (Table 1; XS,.,: 9, 16, 17) consists  of  massive 
chromitite  and  aggregate  chromltlte;  as  well  as  concentrations  of 
disseminated  chromite. 

Outcrops  of  massive  chromitite  are wooth textured  and  freshly  broken 
surfaces  display  coarse  hackly  fracture  and  sub-metallic  black-blue 
lustre.  These  layers  range  in  thickness  from 2 (Table 1; X,) to 75 
centimetres  (Table 1; X8, 9 )  and  are  truncated by joints  (Figure  3c)  or 
breccia  zones  in  host  harzburgite.  Layer  contacts  with  harzburgite  are 
sharply  defined  and  they  are  usually  parallel to the  foliation. 

Aggregate  chromitite  and  disseminated  chromite  layers  consist  of 
disseminated  fine to medium-grained  chromite.  Aggregate  chromitite  layers 

sharply  defined  contacts  with  harzburgite.  Internally  they  display  a  fine 
(Table 1; X 1 6 ,  17) contain  greater  than 75 per  cent  chromite  and  exhibit 

to  medium-grained  subhedral to anhedral  texture.  Layers  are  plastically 
deformed  into  open  and  isoclinal  folds  and  display  pinch  and  swell 
structures.  Granular,  fine  to  medium-grained  chromite  fragment  trains 
extend  from  the  ends  of  deformed  layers.  Brittle  deformation  has  resulted 
in some layers  being  faulted  into  angular 2 to 5-centimetre  fragments  with 
displacements  of 10 to 20 centimetres. 

Disseminated  chromite  layers, 2 to 25 centimetres  thick,  responded  to 
deformation in a  ductile  fashion  because  silicate  minerals  between  chromite 
grains  absorbed  most  of  the  strain.  Contacts  between  disseminated  chromite 
layers  and  harzburgite  are  gradational  Over 2 to 3 millimetres  and  are 
gently  undulatory.  Pinch  and  swell  structures  are  developed as well as 
both  open  and  isoclinal  folds.  Along  strike  from  the  ends  of  disseminated 
chromite  layers,  detached  chromite  augen  may  occur. 

Thicker  massive  chromitite  layers  (Table 1; X8, 9)  contain  irregularly 
shaped 3 to 10 centimetre  coarse-grained  patches  of  aggregate  chromitite. 
These  consist  of  anhedral  1-centimetre  chromite  grains  in  an  open  framework 
separated by approximately 10 per  cent  interstitial  blue-grey  aphanitic 
serpentine.  The  coarse-grained  patches  are  highly  irregular. 
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Chromite  and  aggregate  chromite  to  massive  chromitite  nodules  display  fine 
t o  medium-grained subhedral  to  anhedral  textures.  Nodules  range i n  size 
from 1 cent imet re   to  1.3 metres and are rounded to augen-like. Some appear 
t o  be t h i n  ( 0 . 5  centimetre)  selvages on shear  surfaces  whereas most extend 
to  depths of a t  least several   centimetres.   Chromiti te  nodules  exhibit  
massive,  aggregate, and disseminated  textures. B r i t t l e  f r ac tu r ing  is rmre 
evident  in  increasingly  massive  chromiti te.   Larger  nodules  (Table 1; X7, 

11, 14) usual ly  have a massive  chromitite  core  with  discontinuous ] r ims  
of disseminated  chromite. Rims pinch and swell from 0.5 to 5 centimetres 
and mst are o f f s e t  by late jo in t ing  and small-scale   faul t ing.  A l l  the  
textures  observed  in  layered  occurrences also occur  in  chromite  nodules. 

The progression  f ran open i soc l ina l   fo ld ing   in   chromi te   l ayers ,   to   p inch  
and swell s t ruc tu res ,  and f i n a l l y  to detached  segments of chromite  layers 
(Figure 3a. b)  strongly  suggests  that   chromite-chromiti te  nodules resu:it 
from the  shearing of primary  chromite-chrornitite  layers. Abundant 
nodules ,   the   largest   being 1.3 metres   in   s ize   (Figure 3 d ) .  an.d remnant 
chromit i te   layers  up t o  75 centimetres  thick  (Table  1)  suggest  that  
extensive  primary  chromite-chromitite  layering  existed.  This  has  since? 
been disrupted and r ed i s t r ibu ted  by duct i le   shear ing  during  tectonic  
emplacement of the  Mitchell Range allochthon. 

30cm 
d 

t o m  

Flgure 3. Sketches frm photographs of chromite 
occurrences: (a )  deformed  nodule, (b) deforned 
layer  wlth  ’pull-apart’  structure, ( c )  planar 
layered  couplet  wlth  angular  truncations,  and (dl 
deformed masslve chromltlte  nodule. 

SUMMARY 

Mitchell  Range allochthon  suggests  extensive  transport  of these  rocks 
Extensive  brecciation and penet ra t ive   duc t i le   shear   fo l ia t ion   wi th in   the  

while i n  a solid,   but  perhaps s t i l l  h o t   p l a s t i c  state. Final  movement 

9 241 



resu l ted  i n  brecciation  along  the  sole of the  ultramafic  massif.  Similar 
emplacement breccias  a t  the  soles of allochthonous  ultramafic  bodies  occur 
i n   t h e  Table  Mountain and St .  Anthony Complex oph io l i t e s  (R. Talkington, 
pers.  corn., 1981). 

The proximity of the  Mitchell  Range ultramafic  rocks to a t h r u s t  zone,  the 
predominance  of  massive  harzburgite  with  only minor patches of dunite,  and 

Mitchell  Range al lochthon  consis ts  of rocks from below the  cumulate 
the  suggestion of primary  chromite-chromiti te  layers  indicate  that   the 

dunite-layered zone as  observed a t  Murray  Ridge (Whittaker and Watkinson, 
1981) and represent  a low s t r a t ig raph ic   l eve l  i n  the   ophio l i te  
succession. 

RECOMMENDATIONS 

Detailed mapping of the  Mitchell Range al lochthon  revealed  addi t ional  
chromite  occurrences  not  previously  noted.  Additional work  on chromite 

and B i t s u t l  Mountain to the  southwest,  should  therefore he considered. 
occurrences i n  other  large  ultramafic  massifs,  such as M t .  Sydney-Williams 

now faul t -dissected  ophiol i t ic   rocks of the Stuar t  Lake Belt of the Cache 
In   add i t ion   t h i s  would a id  i n  reconstruct ing  the  ul t ramafic  part of the 

Creek Group. 
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