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ABSTRACT 

A study of the ·Mount Nansen area, south-central Yukon, 

has shown that its surface geology is similar to that of many 

porphyry copper camps. The area is part of a north\.;est trend-

ing belt of Mesozoic to Tertiary calc-alkaline igneous rocks. 

Igneous rocks intrude and overlie metamorphic rocks of un-

certain age. At least three periods of igneous activity have 

occurred. 

Rocks formed during the first period of igneous 

act�vity are mainly extrusives and are called the Mount Nansen 

group. Rock types of this group are commonly ���£Or£hyry 

and andesite flow brecci A hypabyssal hornblende monzonite 

porphyry unit occurring as a sill and dykes has been included 

in this group on the basis of its mineralogy. The formation 

of this group probab�y started in Ju� time and may have 

extended into the early Tertiary. 

A second period of intrusion produced two batholithic 

rock units. Hypersthene-quartz diorite is found peripheral to 

a more areally extensive unit, of a quartz monzonite-adamellite 

composition. The quartz monzonite unit intrudes the quartz 

diorite but these units can probably be considered comagmatic. 

Rocks of this second igneous period are of mid-Cretaceous age. 

A multiple phase porphyry intrusion, of late-Cretaceous 

to early-Tertiary age, is spatially related to the batholithic 

rocks. The earliest and closely associated phases include 

units of biotite-quartz monzonite and quartz-monzonite porphyry� 
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A later sub-volcanic phase of rhyodacite porphyry has probably 

intruded at a higher tectonic level. Porphyritic dyk es and 

extrusive outliers of rhyolite porphyry appear closely 

associated with this final period of intrusion. 

The porphyry units have been brecciated and f ractured. 

Brecciation may be due to the explosive action of conf ined 

late stage volatiles in sub-volcanic cupolas. Areas of frac-

turing have localized hydrothermal solutions that probably 

have diff erentiated from the porphyry magma. Advanced argillic 

and phyllic alteration mineral assemblages are f ound in these 

brecciated core areas. Successively surrounding intensely 

altered cores are irregular halos of argillic and propylitic 

alteration. Supergene and deuteric al teration may have 

increased the extreme amount of argillization and propylitiza-

tion found in these outer zones. The alteration pattern has 

been produced mainly by a dec reasing, temperature and cation 
H+ 

activity ratio of the altering hydrothermal fluids. 

Post-alteration faulting has modif ied the halo pattern 

of alteration mineral assemblages. 



INTRODUCTI ON 

Foreword 
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The Mount Nansen area has po tential for porphyry 

co pper- type ·mineraliza t ion. The geol ogical environment i s  

simil ar t o  that o f  the l arge copper deposits o f  the south­

west e rn United States. The author in vestigated this a rea 

during the  1970 field sea son while empl oyed by Cyprus Explora­

tion Corporat io n  Limit ed.  Several fe atures common t o  porphy ry 

copper deposi t s  were noted. Two of these a re described in 

det a il wi thin th is thesis. They a re: 

1. the petro l og9 of an e a rly Tertia ry, composite 

porphyry stock and adja cent rock t ypes. 

2. the zona l  distribution of hydrotherma l a l te ra t ion 

products, including the possible e ffects o f  a 

supergene imprint. 

Ou t crop in the .Hount Nansen a re a  is less than 5%. 

Recognit i o n  of the various rock t ypes, espe ci a l l y  the 

int ru sives and their rel a t ionships is e ssentia l  in coming t o  

an  underst anding of the comple x  geology .  Coupl ed with the 

l ack of outcrop, many of the primary minera logical and 

t extura l fe a tures of the rocks a re o bscured by hydrothermal 

and supergene a ctivi t y .  To a ssist with field work, petro­

gra phic, x- ray diffra ction and sta in i ng studies were made t o  

ena bl e  a bet t er underst anding of the geol ogy o f  t h e  Mount 

Nan sen a re a .  A geological and a lt e ra t i on map shows the resu l t s  

of these studie s .  
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Locat ion and Acce ss 

The t hesi s  are a i s  located in south- cent ral Yukon 

Terri tory, 115 miles northHest of Whit ehorse and 3 5  mil es 'tV'est 

of Carma cks (Figure 1 ) . It encompasses 18 sq�a re mil e s  between 

0 0 . 0 0 
13 7  0 7' to 13 7 16' west longtltude and 62 0 3 '3 0 "  to 62 0 6'30 "  

north latitud e. 

Access to the Mount Nansen a rea is by a 45 mil e  l ong 

dirt ro ad branching \vesterl y at Carmacks from the Whit ehorse-

Mayo High\-1ay. A four wheel drive vehicle is required to rea ch 

the are a except during dry \veather conditions. 

' . 

History 

The first geologist to visi t the Mount Nansen a re a  wa s 

D. D. Cairnes i n  1914. lie e xamined the gold pl a ce rs on Na nsen 

and Victoria Creeks and made a reconnaissance survey o f  the 

region . Hi s ma p and report appea red in the Geo l ogica l Survey 

of Canada, Summary Report for 1914. H . S. Bosto ck a l so of the 

G.s.c. undertook a reconnaissance su rvey of the Ca rmacks 

district in 193 2 ,  193 3 and 193 4. He compil ed a report and map 

whi ch was publ i shed as Memoir 189. 

Mining in the area h a s  been_intermit t ent. A l l  the 

creeks were staked fo r pl a ce r  gold by miners enroute to the 

Klondike . Most cl a i ms ha ve l apsed and in a l l ,  only from $5, 000 

to $7,000 in gold is thought to ha ve been obtained from the 

Nansen di strict (Cairnes, 1914) . 
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In 1�43 , prospectors located Pb-Ag-Au veins one mile. 

south of the thesis area. These veins were later explored by 

Peso Silver Mines Ltd. On the basis of this exploration, 

Mount Nansen Mines Ltd. put a 400 t.p.d. mill into production 

in 1968 . The production period started September, 1968 and 

ended April , 1969 as a result of poor recovery of the Ag and 

Au values. 



GEOHORPHOLOGY 

Glaciation 

. / 
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'l'he thesis area lies at the south\vest end of the Da\·lson 

Range. The Dawson H.ange is a north\vest trending belt of gentle 

summits within the Yukon Plateau. �lost of the Datvson Range 

escaped glaciation during Pleistocene time and is characterized 

by gently rolling hills, V-shaped valleys and the absence of 

lakes. These features are consistent with a physiographically 

mature surface. 

Very little eviden�e of glacial erosion could be found 

in the Nansen area although the area lies close to the western 

margin of Pleistocene glaciation (Figure 2). Cairnes (1914) 

noted glacial boulder-clay in Nansen Creek while examining gold 

placers in the area. He postulated that since this area was on 

the edge of a late Wisconsin (NcConnell) advance, the boulder­

clay represented the effect of glacial tongues filling the 

larger valleys. Hence ice action would probably not have 

extended more than a fe\v hundred feet up the sides of the 

Nansen Creek valley and consequently the glacial deposits 

would not reach far above the present valley bottom. 

Bostock (1966) and Hughes (1969) believe the boulder­

clay to be related to a pre-McConnell advance to which they 

have given the informal name of Nansen advance. Bostock (1966) 

reports visiting a section at 4,600 feet elevation on the head 

of Discovery Creek. The section shows soil at top, underlain 

by angular rubble and then by coarse rotten gravel that lay 
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on bedrock. This gravel, he believed, belonged to the glacia-

tion that left the boulder-clay. Bostock {1966} further 

assumes that the high elevation at which the gravel occurs 

indicates that the glaciation probably spread beyond the 

locality where it has been :round. Hm.,ever, lack of noticeable 

glacial topographical features suggests that very little 

glacial erosion occurred. 

Plate 1. Section exposed in Discovery 
Creek. Glacial gravel is 
cemented with limonite. 

Climate in recent times has been both cold and arid. 

Hean annual temperature is in the range of 2 0  - 3 0° Fahrenheit 

and annual precipitation is 8 - 14 inches. The area is perma-

frost covered. 

I: ,I 
II II 
p ,j ,, 
I; ij 
il 
,., 
: ;  



Topography 

The Mount Nansen area is ch ara cterized b y  gently 

ro l l ing hil l s .  The maximum rel ief in the a rea i s  2, 490 feet 

from the a ltitude of 3 , 400 feet at the lowest point in the 

Nansen Creek va l ley to 5, 000 feet on Mount Nansen .  A centra l 

ridge a veraging 4,500 feet in a ltitude trends northwest a cro s s  
• 

the a rea. It s l opes off gently to Nan s en Creek on the west 

and the headwaters of Victoria Creek to the ea s t. 

Topography indicates that a t  higher elevation s  gla cia l 

ero s ion ha s not occurred except pos s ibl y by gla�ial tongues in 

the major creek val l eys. 

Geological control s  s uch as rock type, hydrothermal 

a l teration a nd fracturing have infl uenced the trel l is type 

dra inage pa ttern. Resistant Mount Nansen vol canics form craggy 

bl uffs vlhich a lmost completel y s urro1:1nd a topographic lm·l of 

hydro therm a l l y  a l tered intrus ives. Strongly s il icified a rea s 

within these intrusives a re left a s  dome structures. Creeks 

genera l l y  trend north, northwes t and northeas t  fol l o wing the 

predomin ant fracture trend s of the a rea • .  Nans en Creek, 

Dis covery Creek and the Ea s t  Fork are exampl es . 

Timberl ine is at an a ltitude pf approximately 4, 000 

feet. The l o west sections of the area are covered thinly by 

spruce, b irch a nd popl ar. Thick brush extend s a bove timber­

line but the higher a rea s are covered only by gra ss. 
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REGIONAL GEOLOGY 

Li tho l ogies 

T he are a  i s  part o f'  a north\vest trending belt of Hes o -

z o i c  t o  Terti ary calc-alkal i ne igneous roc ks . The igneou s  

roc ks intrude and overli e  met amorphi c  rocks o f  uncert ain age . 

The o ldes t rock uni t s  in thi s  belt are met as ed iments ,  

and granite and diorite gne i s s e s  co mpri s ing the Yu kon group. 

The oldest members of this group , \vh i ch are po s s ibly C ambri an 

or old er in age (Bost ock , 1936) , c o ns i st l argel y  o f  quart z -

m i c a  s c hi st , hornbl ende schist with l es s e r  amounts o f  quartz i t e �  

gne i ss and l i me s tone .  Su cceeding the s e  are a s im i l ar ser i es o f  

Pal aeozo i c  schi sts , quartz i tes , l i me s to ne and greenstones . 

Bo stock (1936) believes both membe rs 't·Tere cut b y  gran i t e  and 

diorite gneis s e s  \-7hi ch \vere me tamorphosed at the s ame t ime as 

the s ed i men t s .  

The Yu ko n group i s  overl ai n  by t h e  Tri as sic , Le 1·1es 

River s eri e s , Jurassic Laberge s e ri e s  and the Juras s i c -Cre t a-

ceous Tant al us format i on . T hese are m a i n l y  c l as t i c  s e quences 

pf s hal e,  c o ngl omerat e ,  l i mestone ,  tuf£aceous s andstone and · 
I 
minor coal measures . The s e  ro cks ar e not fou nd in the m ap 

area. 

Unconformabl y overl yi ng the Yukon group in t h e  map are a  

is the Mount Nansen group. The rocl:s of this group i n c lude 

basic vol c ani c  l avas , rangi ng in compo s i t i o n  from b as alt t o  

docite. A l s o i nclud ed i n  thi s group are f l o w  brecci as , tuf f s ,. 

small are as o f  s edime nts , and s mal l d i o ri t i c  bodies , as s o c i at ed 

With the l avas . The vol cani cs in the map are a  are predominantl y  
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of the .Hount Na nsen group and are typic ally porphyritic 

andes ite. The Nount Nansen group is consid ered by Bo s tocJ� 

(1936) to have formed in l a te Jura ss ic or ea rly Creta c eous 

time. 

The Mount Nan sen vol c anic s  have been invaded by a 

s uccession of Hesozoic plutonic rocks contemporaneous with 

12 

the Coast Range intrusives . The intrusives trend northwest­

southea s t  and emplacement is prob a bly rel a ted to a region a l  

sca le, tectonic feature. They a re composed o f  a great variety 

of rocJ� types ranging from diorite to syenite a nd granite. 

Diorites are thought to be the o ldes t  of the intrusives 

fo llowed by s yenites. The most extensive intrusions a nd 

probably the youngest o f  this group a re rocks o f  a gra nodiorite­

adamellite composition. These l a tter granitic rocks ma ke up a 

large portion of the thesis a rea . 

A fin a l  period o f  intrusion took pl a c e  in late Creta ­

ceous to ea rl y Tertiary time. Sma ll hypabyss a l  stocks were 

formed and appea r spatia l l y  rel a ted to the granitic intrusives 

of the ma in Hes ozoic b a thol ithic event. Mo s t  o f  them a re fine 

�o medium grained , porphyritic, acid roc ks ;  l a rgel y  qua rtz 

porphyry , granite porphyry, or granophyre with s ome rhyol ite. 

A c ompo site intrusion o f  this age is c entr a l l y  loc a ted in the 

thes is area s urrounded by outl iers of rhyol ite. 

The youngest roc ks in the region are the C arma c ks 

volcanic s .  The l ava s are m a inly andes ites , but range in 

composition from b a s a l ts to d a c ites , trachytes and rhyolites 

(Bostock, 1936) . These pl a teau b a s a l ts unconformab l y  overl ie 
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a l l  the o lder fo rmations. The Carma cks vo lcanics are not found 

in the thesis a rea a nd have been compl e tely eroded expos ing 

many of the des cribed rock unit s (Figure 2 ). 

l1ine ra l iz a tion 

Mos t  of the m ineraliz a tion found in the Da wson Ra nge 

is thought to be rel at ed to the l a t e  Cret a ceou s -earl y  Ter tia ry 

a cid , s ub-vol canic intrus ives .  P l a cer gold depo s its now of 

non-economic qu antities are £ound in s t re ams l e ad ing o ff the 

st ocks. Na ns e n  Creek and Ba ck Creek have been worked for gold 

since 1910 ( C a irnes , 1914 ) . - Canadian Creek leading from the 
/ ___ . ;  .. 

Ca s ino s t ock ,  s ome 65 miles to the nort lnvest o f  the Narfse n  a re a  

was s t a ked for pl acer gold in 1911 ( C airnes , 1917). 

Pb-Ag-Au vein deposit s , such as those found zona lly 

around the Ca s ino stock are t hou ght t o  b e  genetical l y  rel a ted 

to the e a r l y  Tertiary int rusives ( Godwin and Phil lips , 1970). 

Porphyry copper type minera liz a tion is a ls o  b e ing 

active l y  loo];:ed for in areas \vhere these s tocks have been 

expos ed. Since most of the Da wson Ra nge ha s not bee n  gl a cia ted , 

supergene e nriched zones can be expected. The C as ino depo s it 

a nd the \Vil l iams Creek prospect (Abbo t ,  1971) , 24 mil e s  north-

eas t ,  are exampl es of porphyry copper minera l iz at ion l oca ted 

in the Da ws on Ra nge. 



5 

I 5 

I 

� . 8  

I 

30' 
I 

5 

( 
I ( 

I / 
/ / -�· / 

/_,/ 5 
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ROCK UNITS 

Field Mapping Procedure 

OutcrO? ir. the Haunt Nansen area is less than 5/�. 

Float had to be m2pped as representative of bedrock to a large 

extent. Road cuts and old slumped trenches gave some added 

control. The Bain variables considered \vhen mapping float 

\·lere.: 

a) angularity of float sample 

b) size of float 
.t.> 

c )  abundance of rock type 

d) grade of slopes 

e) occurrence of rock type uphill 

f )  disappearance of rock type on uphill grade 

Rock type v1as obscured in all valley floors due to dm·mslope 

solifluction of ridge rocks, and mapping in these areas was 

merely conjecture. 

Faults and/or fractures Here located by geophysical, 

geological and air photo data. Several zones of fault gouge 

and shearing were noted and these are shown as being defined 

fractures on the accompanying map. There v1as not enough 

geological control to map offsets. 

T\velve distinct rock types \·lere observed in the Haunt 

Nansen area and their description and distribution follows. 

The rocks are described in probable order of decreasing age. 

Following the description of the rocks, an inferred strati­

graphic order and interpretation is presented. 



Lithol ogie s and Petrol ogy 

Yukon Grou p  Met a morphics - Unit A 

16 

The Yu kon group is of uncert a in age but is genera l l y  

considered early Pa l aeoz oic or Preca mbrian. The grou p c omprise s  

the only meta morphosed rocks of t h e  a re a .  

Exposure of the Yukon group met a morphic rocks is 

limited in the map area, a lthough they crop out over a c on­

s iderab l e  area jus t  t o  the south. A sma l l  sub-circular wind ow 

of m e t a s ed iment s .  is expos ed ,  prob a bly a s  a resu l t  of b l ock up­

l ifts in t ile volcanic c over s outh of Dis c overy C reek. The 

fl oat  in this e xposure is predominant l y  hornble nde gneiss a nd 

meta qu a rtzite . They a re high grade , regiona l l y  metamorphosed 

roc ks with a s ediment ary origin. TI1e hornb l e nde gneiss ha s 

d ark gre e n ,  hornblende rich J.a yers (1 - 2 mm thick ) ,  a l t e r­

nating with 'tvhi t e fel s ic l ayers ( 1 - 2 mm thick). 

Observed under the microscope , the d a rk green l a ye rs 

c onsist of euhedral hornblende ( 1  mm ) and pl a gioc l a s e  ( An
3 0

). 

The white l a yers consist of fine gra ined qu art z , pl agioc l a s e  

a nd ·s ome pot a sh feldspar. The met aqua rtzi te is cre a m- \vhi t e  

col oured, a ph anitic a nd s t ructure l e s s .  

No ide a  of the regiona l s tructure of t h e s e  rocks c ou l d  

be g a ined. Bost ock ( 1936 , p. 17) believes that the trend of 

folding in the Mount Nan�en area is north 6 0° e a s t  with stra t a  

dipping u p  t o  3 0 °. 



Pl ate 4. Hornb l e nde gneiss. 

Mount Na nsen Group - Unit s B, c, D 

• I 
I 

The Mount Na ns e n  group is the most a re a l ly ext ens ive 

17 

rock type of t he area. It includes e xtrusives and sub - vo l c a nic 

s il l  a nd dyke int rusive s. A marked feature of the e xt ru s ive 

rocks is their res is ta nce to erosion, so they form high hil l s  

with long, s t e ep s l opes l eading down t o  bordering va l l eys. 

Al l of the higher hil ls a re covered by this group. They 

derive t heir na me from Mou nt Nans e n, an exceptiona l l y  prominant 

topographic feature at the northi·lest corner of t he map are a .  

Three rock t ype s  o f  t his group crop out in the Hount Na nse n  

area .  They a re shmvn on the geology map ( Append ix 3 )  a s  

follows ;  andesit ic fl ow breccias (B ) ,  a ndesit e  (C), a nd horn­

blende monzonit e porphyry (D) . The breccia s  a nd a ndes it e  
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occ ur a s  flovls a nd cover much of the underlying Yukon group 

a nd l a te r e xtrusives. Hornbl ende monzonite porphyry occurs a s  

a s il l  a nd dyke s. Dykes of ·this unit trend north a nd north-

e a sterly. The a uthor bel ieves they repres e nt feeder dyke s  to 

the e xtrusives,  becaus e of thin close spatia l and compositiona l 

rel a tion. Bos tock ( 19 36) be l ieves this group to have forme d  

during l a te Jura s sic to early Cretaceous time. 

Unit B is a ndesite flmv- breccia a nd is found s outh o f  

Dis covery Cre ek. It is compos ed of fragments o f  Nount Nan s e n  
"� 

a ndesite a nd minor Yukon group meta morphics,  in a n  apha nitic 

andes ite ma trix. Fre sh·s urfaces a re d a rk grey-green Hhil e 

we a thered s urfa ces are l ight grey-green. Fragments a r e  usua l l y  

dis tinguished from the m a trix by be ing darker in col o ur. T he 

lithic fragme nt s are commonly of pebb l e  s i ze ( 4  rom - 64 mm ) ,  

but may be l a rger. Fol l owing I�rumbein ( 19 6 3, Appendix 1) , the 

fra gments usua l ly are suba ngul ar having a sphericity o f  0 . 7  and 

a roundne ss of 0.3. The individua l fragments a re rarely 

touching e a ch o ther. Andesitic matrix makes up mos t  of the 

roc k. 

Thin s e ction examination of typica l  a nd e s ite fl ow · 

breccia reve a l s  porphyritic andesite fra gments in a m icro-

crysta l l ine ma trix of  a ndes ite compos it io n. The fra gments 

are composed of plagio c l a s e  ( An30_40
> a nd hornbl ende tha t  

frequently h a s  been repla c ed by c l inozois ite and chlorite. 

The pl agiocl a s e  phenocrys ts' average 0 . 5  mm in l e ngth. }1icro­

lites of pl agioc l as e  a nd secondary minera l s  a fter the m a fic s 

form the groundma ss of the fra gm�nts. 



Th e m atrix o f  the rock is mi crocryst a l line. It i s  
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·commonly composed o f  p l agi oclase, i lmenit e , l eucox ene, ch l o rite , 

epidote and possibly  remnants of pyrox ene . 

Unit C i s  typi c a l ly porphyrit ic andes i t e, but minor 

ba s alt is inc luded in th i s  uni t .  The a ndesit e s  a r e  d a rk green 

coloured and speck l ed with white plagi o c l a s e  phenocrysts o n  

fresh surfac es, while bleached greeni sh-grey o n  w eath ered 

surface s .  

A microscopi c i nvestigation reve a l s  th a t  the 

porphyri t i c  andesites a re composed o f  pl a gi o cl a s e  (An
30_40>, 

hornbl ende  and magnet i t e  (3%). 

P l a gi o c l as e, common ly 1 mm . i n  l ength, i s  t ypica l ly 

saussurit i z ed, broken , a nd exhibits normal o s cil l a t ory z o ning . 

S eric it e  commonly fl eck s  the phenocryst s  i n  rock samples 

loca t ed near l a t er intrusions . Plagi o c l a s e  ph enocry st s  form 

approximately 40% o f  the rock. Anhedral hornbl ende ,  s ome 

pos sibly a repla cement product o f  pyroxene , h a s  a l t ered to 

aggregates of green biotite and i n  s ome inst a n c e s  chl o ri t e, 

epido t e  a nd magnetite. The microcry s t a l line mat rix i s  

compos ed o f  a nhedral pl agiocl a s e, chl orite ,  epidot e and h o rn-

blend e .  



Pl a te 5. .Hount Nansen extrusives. T\110 
exampl es o f  fl ow bre cc ia s  {l e f t )  
and porphyritic a nde site {right}. 
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Unit D is a hornblende monzonite porphyry. ·It occurs 

as approxim a te l y  25 foot t-Jide dykes a t  the nortl)west corner 

of the ma p. Wide spre ad floa t i.vas a l so ma pped a long the Hheeler 

Fault south o f  these dykes. This float \vas tho ught to represent 

a sil l - like body in this area. 

The rock is n a med a hornbl ende mortzonite porphyry 

rather than a more general field term hornblende porphyry to 

indica te tha t  the ro ck is mineralogic a l ly not related to the 

more acid intrusives o f la te-Creta c:eous age (l .. ppendix 2). 

The hornbl ende monzonite porphyry is a mesocratic rock 

composed of phenocrysts of bl acJ� column ar hornbl ende ( up to 

5 mml. and finer grained pl agiocl a se (1 - 2 mrn), set in a 



L ' 
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microcrystal l ine greyish white matrix. The rock is modera t e ly 

magnetic. Wea thered s urfaces are thinly coated with reddish 

brmvn, hematitic limonite, which is a resul t  of the o xidation 

of magnetite. 

Examina tion of s everal thin s ections showed this 

porphyritic rock to b e  composed o f  a ndesine (30�b) , pota sh 

feldspar (3 5/�) , hornb l e nd e  ( 15%) , a nd minor quartz ( 5/�) . 

commonly, chlorite, e pidote, biotite, a pa tite, a nd m agnetite 

are found a s  accessory minerals a nd d euteric a lteration 

pro ducts. 

Euhedr a l  hornblende phenocrysts are o ften bvinned , 

have a n  extinction angle {cAZ) of 18
°

, a nd a pl eochroic s c heme 

of deep green ( Z) to pa l e  green (X). The hornbl ende is usua l l y  

a ltered ( up to 50%) to chl orite , epidote a nd ma gnetite. In 

one section {C- 83 ) hornb l e nde is being repl a ced by a felty 

ma s s  of green biotite. P l a giocl a s e  ( An
45_55

> phe nocrysts a re 

general ly subhedral a nd b roken. They are l o c a l l y  norma l l y  

zoned and commonl y s a us s uritized to a mixture of a lbite, 

epidote, a nd chl orite. The microcrysta l l ine ma trix is made 

up of interstitia l po ta sh feldspa r a nd sma l l  amounts of qua rtz. 

�-lyrmeki te is found m arginal to the pota sh feldspar in one 

section and is probab l y  d ue to a l a te magmatic replacement 

reaction of pota sh feldspa r  ( Wil l ia ms 19 54, p. 20). 



Plate 6.  Hornbl ende monzonite porphyry. 
Unsta ined a nd s tained p a ir .  

Mesozoic Intrus ive Rocks - Units E, F 

The Yukon a nd Hount Na nsen groups a re intrud ed by a 

variety o f  igneous rocks \vhich according to Bos tock ( 19 36 ) , 

vary from dioritic to granitic compos ition. The a ge o f  the 

intrusion ha s been po s tulated to be l ate Jura s s ic to early 

Eocene, a nd the intrus ion its elf h a s  been related to the 

Co a s t  Range intrusion sequence ( Bosto c k, 19 36 ) . Bos to c k's 
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postula tion ha s been confirmed by a recent K-Ar age d e te rmina-

tion from granodiorite s amples collected on the property o f  

Cas ino Silver Mines Ltd . which yielded Creta ceous a g e s  o f  

95 my. a nd 9 9  my . ( Findl ay, 19 6 9 ,  p. 2 7). 
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Two distinct rock typ�s form a north\·7est trending 

batholith in the central thesis area. These are hypersthene-

quartz diorite (E) and quartz monzonite (F) . Unit E is found 

as small irregular bodies peripheral to Unit F. Although no 

contacts were observed in the field, several float samples 

'·1i th quartz monzonite intrusive into hypersthene-quartz 

diorite were found, indicating the quartz monzonite ( F) is 

the younger unit. 

Unit E is a mesocratic, fine to medium grained, equi-

granular hypersthene-quartz diorite. It is recognized in the 

Mount Nansen area by being highly magnetic, non-porphyritic 

and fine to medium grained. 

The rock exhibits a fine grained hypidiomorphic-

granular texture in thin section. Mineralogy of the rode is 

andesine ( 50%) , potash feldspar (10%), biotite (10%), 

hypersthene ( 10%) , and hornblende ( 10��). Accessory minerals 

are magnetite (2%) and minor apatite. Common deuteric altera­

tion minerals include biotite, chlorite, hornblende and actina-

lite. 

Plagioclase {An40_
�4) is typically subhedral and 

broken. Sorae of the smaller laths are normally zoned. Larger 

plagioclase crystals measure up to 1 rnm. H}>persthene crystals 

( 1 mm ) are characterized by their pin1� pleochroic scheme and 

parallel extinction. In most sections examined, hypersthene 

is being replaced extensively by actinolite. Actinolite has 

a fibrous habit where it replaces the orthopyroxene along 

fractures. THo biotites are commonly present, one primary 

i 
I 
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and the other o f  deuteric origin. Primary biotite la ths {1 mrn) 

are a nhedra l a nd are s trongly pleochroic. The pleochroic 

scheme is deep red brm..rn (Z) to faint ta n brmvn (X). S econdary 

biotite is bro-vmish green,  h a s  strong ab sorption a nd very 

little pl eochroism. Anhedra l orthoc l a s e  ( . 5  mm ) poikil itica l ly 

enclose a ll primary minera ls .  Quartz fil ls irregul a r  inter-

spaces betwee n  grains. 

P l a te 7. Hypersthene-quartz diorite 

Unit F is the most areally extensive rock type o f  this 

group. It is medium to coarse-grained gra nul ar rock composed 

of pl a giocl a s e  (4 mm), qua rtz (3 rnrn), ortho c l a s e  (2 rnm), horn­

bl end e  (3 mrn) , a nd biotite ( 2  rnrn). 



Under the microscope the quartz monzonites have a 

hypidiomorphic-granular texture and are composed of andesine 

(4-0��), orthoclase (20��), quartz ( 15�6), hornblende (10/b), 

biotite (5/�), and minor zircon. Common secondar-J components 

arc magnetite, sphene, chlorite, epidote, and sericite. 
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Locally the amounts of quartz and biotite are variable. Quartz 

in some samples ranges up to 25�1: of the volume of the rock. 

There does not appear to be any distinct zonal trend. Some of 

the more quartz rich samples l-lere located several thousand 

feet away from the acid porphyritic units that will be described 

.;:, 

next. Locally, the biotite/hornblende ratio changes drastically. 

In general, bioti te>hornblende north of the East Fork \·7hile 

hornblende)biotite in the quartz monzonites exposed to the 

south of Discovery Creek. 

Plagioclase (An32_40) is subhedral and some of the 

larger crystals show normal oscillatory zoning. Euhedral 

biotite is strongly pleochroic. Hornblende is light green, 

euhedral and has an extinction angle (cAZ) �f l8°. Quartz 

and orthoclase are interstitial to all other grains. Host 

of the quartz monzonites have been propylitized due to their 

spatial relation l-lith hydrothermally altered porphyritic 

intrusives. Alteration will be described ·in detail in a 

later section. 



Plate 8. Quartz monzonite, unstained 
and stained pair 

Late Cretaceous to Early Tertiary Porphyry 
Intrusives and Extrusives - Units G, H, I, J, K 
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All of the previously described rock types are intruded 

by what the author believes is a composite stock. Three 

textura� ly and mineralogically distinct porphyritic phases 

f orm a northwest trending, elongate body centrally located in 

the
. 

thesis area. The stock is irregular in plan, \vi th its 

long axis averaging two miles and its shorter northeast axis 

averaging one mile. Tne three phases determined to date 

include biotite-quartz monzonite ( G), quartz monzonite 

porphyry (H) and rhyodacite porphyry (I). The f ormer two rock 

types are probably earlier, and are located peripheral to the 

main exposure of rhyodacite porphyry. The rhyodacite porphyry 
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a l so occurs a s  s everal small plug o r  dyke-l i ke bodies v;hi ch 

appe a r  to cut a l l  the e a rlier ro ck types ,  a lthough no contacts 

\\7ere found in the field. Unit J i s  quartz- feldspar porphyry . 

Thi s rock type is found only as dykes. The dykes cut the 

Mount Na ns e n  vol c anics and trend north a nd northea s terly. 

Extrus i ve rhyo l ites , a nd rhyo li ti c tu ffs expos ed in the a re a  

are proba bly a s urface expres s i o n  o f  thi s hypabyss a l  igneo us 

a ctivity. Porphyritic units �re often so intensely hydro-

therm a l l y  a ltered , one rock type c a nnot be determined from 

a nother. 

Porphyri tic d acite s from the C a s i no dep o s i t  compara bl e 

in texture a nd mineralogy to the rhyo da ci te porphyry ha ve bee n  

d ated by K-Ar methods a t  the Univ ersity o f  British Columb ia .  

+ 
A P a laeocence a ge of 69 - 3 my. '\.vas .obta ined i"o r one s a mple 

whi le a coarser- grained va riety yiel ded a l a te Creta c eous age 

+ 
o f  71 3 my. (Phi l l ips and Godwin, 1970). 

Unit G is a l eucocratic , medi um- gra ined, gra nul ar , 

b ioti te- quartz monzonite. Hi nera l s  e a s ily ide ntified 'vi th 

the una ided eye a re plagiocl a se {2 - 3 mm ) , qua rtz (1 mm ) , 

potas h  feldspar (1 mm ) , a nd bioti te (1 mm ) . Pl a giocl as e  

crysta l s  tend to be porphyri tic. A f iner gra ined cream 

coloured groundma s s  makes up about 2 5/� of the tota l v o l ume 

o f  the rock. The rocJ� is d i s ti nguished in the f i e ld by its 

apparent l a ck o f  promi nent qua rtz phenocrys ts a nd a "s a l t  

a nd pepper" appearance c a us ed by a n  regul ar d i s tri bution o f  

bioti te . 
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Under the microscope the biotite-quartz monzonite is 

found to be composed of orthoclase (35%), quartz (25��), plagio-

clase (25%), and biotite (10%). Common accessory minerals are 

apatite (2%), zircon, and pyrite. Predominant secondary 

minerals are chlorite, carbonate, sericite, magnetite and 

albite. Plagioclase phenocrysts are anhedral to subhedral and 

have noriLlal oscillatory zoning. Bore calcic zones are usually 

preferentially altered. The ragged rims are overgrm.;n i n  

some instances with alkali feldspar. Quartz crystals are 

deeply embayed and some have minor overgrov-.rths. Biotite is 

usually rimmed by chlorite. Both apatite and zircon are 

euhedral. The fine grained groundmass is predominantly potash 

feldspar. 

Plate 9. Biotite-quartz monzonite, 
unstained and stained pair 



Unit H is found along the banks of Eva Creek. 
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It is a 

cream \·lhi te 1 quartz monzonite porphyry 1 \vi th a microcrystalline 

matrix that makes up 50% of the total rod;: volume. This quartz 

monzonite is probably closely associated lvi th Unit G. Hmvever, 

unlike the biotite-quartz monzonite, it has large rounded 

quartz phenocrysts (3 - 5 mm) and a greater amount of matrix. 

Weathered surfaces are usually thinly stained with a mixture 

of jarosite and goethite and the feldspars are often Hashed 

out. The rock becomes gradationally fine-grained to the west. 

Examinati-on of several thin sections of this rock. type 

shm·1ed it to be composed of oligoclase ( 20%) , orthoclase (50%) i 

quartz (20%), and chlorite (10%). The chlorite has replaced 

biotite and probably minor hornblende. ·Accessory minerals are 

pyrite and apatite. Common products of hydrothermal alteration 

are chlorite, leucoxene, epidote, and sericite. Jarosite is 

found as a supergene mineral rimming pyrite. Plagioclase 

(An26_32
> is typically subhedral and flecked with sericite. 

Quartz phenocrysts are fractured, resorbed and some show faint 

overgrm-..rths. Orthoclase is anhedral to subhedral and commonly 

poikili tic. Leucoxene (bright 'l.vhi te under reflecting light) 

is always associated-with chlorite. The microcrystalline 

matrix is predominantly potash feldspar. 



Plate 10. Quartz monzonite porphyry, 
unstained and stained pair 

Unit I oc;cupies a central core area and is probably 

the youngest of the intrusives. Following Stringham {1966), 

the classification rhyodacite porphyry is used for this rock 

unit to indicate phenocrysts are prominent but subordinate 

( less than 50%) to an aphanitic groundmass. Large white 

potash feldspar ( 7  mm) , white plagioclase ( 3  mm}, and grey, 

rounded quartz ( 3  mm) phenocrysts are randomly set in a grey 

3 0  

microcrystalline matrix. Minor, finer-grained �afics can also 

be observed in the field. 

Optically, thin sections of relatively fresh rhyodacite, 

show that the subhedral orthoclase phenocrysts are always 

poikilitic. They enclose grains 6£ sphene, biotite, hornblende, 



apatite, plagioclase and quartz. Plagioclase phenocrysts 

typically exhibit normal oscillatory zoning and are bro1cen. 

The cores are An
40 Hhile outer zones tend to be An

30• Some 

of the plagioclase poikilitically encloses biotite. Quartz 

phenocrysts have a bypyramidal habit but are ah·1ays deeply 

embayed. Biotite is anhedral and has a pleochroic scheme of 

deep brmvn ( Z )  to yello'dish tan brm·m (X). The micro-

crystalline matrix of fresher samples is often made up of 

bright green uralite (after hornblende), quartz, andesine, 

and lesser amounts of potash feldspar. The matrix makes up 
,(\ . 

70/� of the rock's total volume. 

Plate 11. Examples of rhyodacite 
porphyry. Extreme right 
sample unstained. 
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Unit J· is a quartz-feldspar porphyry. This rocJc is 

found as n arrou dykes cutting the Bount Nansen a ndesi tes in 

the northern a nd western parts o f  the are a. 
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The qu artz- f eldspar porphyry is composed o f  rounded, 

fra c tured quartz phenocrysts ( 2 mmY, ''7hi te plagioc l ase pheno­

crysts (2 mm), a nd finer-gra ined, bright green, chlori ti z ed 

mafics, set i n  a purplish microcrystalline m a tr ix. The m a trix 

makes up a t  l east 50% of the rock. · The \•leathered sur f a c e  is 

reddish broHn. Feldspar phenocrysts are commonly completel y  

\-le a thered out. 

Under the m icroscope the rock is composed of potash 

fe ldspar (50%) , plagioclase (20%), quartz {15��) ,. chlorite (10��), 

and epidote (5%) . A ccessory minerals include apatite (1��) a nd 

opaques ( 1 %) • 

Phenocrysts o f  plagioclase and qu artz are subl1edr al . 

Commonly the plagiocl ase is extremely dirty looking a nd i s  

probably r epla ced b y  clay. Qu artz has a square hab i t  suggest­

ing a B-qu artz crystal structure .  All m a fics h a v e  b e e n  

comple tely repl aced b y  chlori te and epidote. These miner als 

appear pseudomorphic a fter b iotite. Apa tite is typically 

e uhedral . The m icrocrystalline m a trix of this un i t  i s  

completely potash feldspar . 



., 

Plate 12. Quartz-feldspar porphyry. 
Unstained and stained pair. 

. ' 
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Unit K consists of several texturally variabl.e, acidic 

extrusive rock types. Included are rhyolite tuff,. rhyolite, 

and rhyolite porphyry. All varieties.of this unit are white 

cream· coloured. Most are cryptocrystalline 'vi th small pheno-

crysts of feldspar (1 mm) that are always completely replaced 

pseudomorphically by a kaolinite group mineral. There are rio 

mafics present. Tuffs are t)�ically irregularly banded {up 

to 4 mrn). 



Plate 13. Rhyol ite porphyry � rhyol ite 
tuf f 

Tourmal ine Bre c c ia - Unit L 
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Spatial l y  assoc iated with rhyodacite porphyry are tlvo 

small sub-circu lar exposures o f  quartz-tourma l i ne c em ented 

breccia . Naximum diameters of the exposure are 600 f eet. 

Inc luded in this unit is a small outcrop o f  bre ccia found south 

o f  Discovery CreeJ\: in the Nount Hansen vol can i c  cover. It 

consists of angular andesite and rhyodac ite porphyry fragments 

in a quartz matrix. It is inc luded in this group as it is 

probab ly a nearer surfac e  expression o f  the same processes 

that formed the t\.·10 tourmal ine bre c c ias. A l l  breccias are 

spatial ly assoc iated w ith fracture lineaments; data co�ing 

from geophysi cal , geologi cal and air photo i nt erpretat ion. 
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Large amounts of pyritized, granular fault gouge were found 

200 feet \•lest of the largest and centrally located tourmaline 

breccia body. I-Im-.7ever, unlike the highly altered breccia 

fragments, the gouge grains shovl little evidence of hydro-

thermal alteration. Feldspar grains are unaltered. Fragments 

within the breccia show little evidence of cataclastic shear-

ing. These facts indicate the fault is not related to the 

genesis of the breccia. Both the faulting and brecciat�on 

suggest a zone of weakness in this area. 

Other non-tourmalinized breccias may occur in t0e area 

of late stage porphyry intrusions. Three silicified dome 

structures trending north-nortln-vest vii thin the porphyry area 

may indicate brecciation at levels not exposed. Sample D-90 

taken from the \Vest flan}:. of the largest of these structures 

is composed of a high percentage of fractured, angular quartz 

grains and may be a microbreccia. Hm�'ever, no fragment out-

lines could be distinguished in hand specimen or thin section. 

The tourmaline breccia consists of intensely altered 

fragments of rhyodacite porphyry and possibly s?me quartz 

monzonite, in a black coloured matrix of quartz and tourmaline. 

Fragments range in size from granules ( 4  m�) to cobbles (256 

rom). Larger fragments are angular to subangular. Follm·ling 

Krumbein (1963, p. 1 1 1, Appendix I), these larger fragments 

have an average sphericity of 0.5 and a roundness of 0. 1. The 

granules are often quite rounded and commonly surround larger 

fragments. Feldspar phenocrysts Hithin the fragments have 

been altered to sericite. Box \vor1:.s after sulphides Hi thin 

! 
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the fragments are commonly void. 1Tnere the breccia is made 

up of smaller grain size fraction, the grains do not touch 
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and are com pletely surrc:.unded by the quartz-tourmaline matrix. 

lvhere the fragments are of cobble size, they are al\vays 

touching each other and are poorly cemented. 

The matrix is composed of fine-grained acicular green 

tourmaline (schorlite), quartz and possibly apatite. IVhere 

there is abundant matrix, vugs make up 5�h of it. The larger 

vugs (4 - 8 mm), are oftened coated \·lith jarosite and may 

represent box works after sulphides. Smaller ( 1  mm} unlined 

vugs probably represent,\ gas vesicles. 

Plate 14. Tou1�aline breccia. Altered 
fragments are rhyodacite 
porphyry. 
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Stratigraphy and Interpretation 

The rock units in the preceeding section have been 

described in a probable order of decreasing age. 

The Yukon group forms the basement in the Mount Nansen 

area. The group is composed wholly of metamorphics. Horn-

blende gneiss and metaquartzite is exposed in a window south 

of Discovery Creek. These rocks are of sedimentary origin 

although the group also contains members of possible igneous 

or volcanic origin. Bostock (1936) places the Yukon group 

in age from Precambrian to pre-Triassic. 

Following the polyphase deformation of the Yukon group, 

the Mount Nansen volcanics were extruded. In the Mount Nansen 

area the volcanics form a thick cover of andesite flow breccia 

and porphyritic andesite. The breccias \';ere formed early in 

this stage of volcanism as they sometimes contain fragments of 

metamorphics along \vi th more typical, porphyritic andesite 

fragments. The petrography of a hornblende monzonite porphyry 

sill and dykes suggest this unit is genetically related to the 

volcanics. Quartz is almost completely absent in this rock. 

The sill and dyl:;.es are found at the north�vest corner of the 

map and may represent a feeder-dyke system. The Mount Nansen 

group has been restricted to late Jurassic- early Cretaceous by 

Bostock {1936) . Cairnes (1915) found evidence that some of the 

volcanics were younger than Cretaceous sediments. 

The two groups are intruded by a batholith of hypers-

thene-quartz diorite and a more areally extensive unit of 

quartz monzonite. The hypersthene-qu�rtz diorite is found as 

' ' 
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sma ll , i rregu l a r  bodies peripheral to the qu artz monzonite . 

Volumetrica l l y ,  quartz , hornb lende and biotite v a ry l oca l ly 

,..,i thin the qu artz monzonite unit. Severa l float s ampl es sh01.: 

the diorite unit has been i ntruded b:ir the qua rtz-mon z onite , 

presumably at a l ower tectonic level . However ,  the s e  two 

uni ts a re prob ab l y  comagmatic. K- Ar dating o f  granodiori tes 

from the batholi th ,  has given a mid- Cretaceous age o f  97 � 2 

my . (Findl a y , . 1 9 6 9 ) .  The samples \·7ere obtained 65 mi l e s  north-

west of the Mount Nans en area . This bathol ith can b e  corre-

l a ted wi th the Coast Range i ntrusive s . 

The youngest rocks i n  the area are an a cid , porphyritic 

suite with spati a l ly associ ated rhyol ii;e s . Three petrogr aphic­

a l ly disti nct porphyries form a northwest trending e l ongate 

stock \vhich is spati ally rel ated to the batholithic rocks . 

Thi s  rel ation aga in suggests comagmati sm. A bi otite- qu a rtz 

monzonite ph a s e  a nd a quartz-monzonite porphyry pha s e  are 

exposed peripher a l  to a central cor-e zone of rhyodacite 

porphyry .  The b i otite- qu artz monzonite is cha r a cterized by 

abundant , regul arly distributed biotite , minor p l a gi ocla s e  

phenocrysts a nd l ack of qua rtz phenocrysts , vlhich a r e  

ub iquitous to both the other porphyry units. The qu a rtz-

monzonite porphyry is distinguished by large resorbed qua rtz 

phenocrysts , pl a gioclase phenocrysts , a l i ght cre am groundmass 

and onl y  minor m a fics. The rhyodacite porphyry is cha ra cter-

i zed by resorbed quartz phenocrysts , plagiocl a s e  phenocrysts 

and l arge orthocl ase phenocrysts . The matrix o f  this rock i s  

l ight grey, contains l e s s  potash feldspar a n d  i s  finer- gra in ed 

. ' 
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than the presumably earli er phases. The rhyo d a c i t e  porphyry 

probably \vas intruded lat er a nd at a higher t ec to n ic l evel 

t h a n  both other phases . This hypo thesis is consi s t ent wi th 

gr a i n-si z e  comparison and IC-Ar age d a ti ng o f  a s imilar st ock 

a t  the Casino deposit . Here , a fine-grai ned p o rphyri t ic 
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dacit e  yi elded a P ala eocene age o f  6 9  � 3 my . , while a l a te­

Cret aceous age of 7 1  � 3 my . was recorded for a co arser-gra i ned 

v a r ie ty ( Godwi n ,  1 9 7 0 ) . These relat ive ages ma y be signi fi c a nt 

lvi th rega rds t o  a quickly rising magma . 

Qu art z- feldspar porphyry dykes a re m i n e ra logi call y 

rel.a t ed t o  this period o f  intrusion . They a re characteri zed 

by qu a rtz a nd plagi o clase phenocrysts in a microcryst alline 

m a t rix consist i ng almost to tally o f  pot ash feldsp a r .  The 

dyk es trend no rth and northeast , a nd a re often f ound alongsid e  

dykes o f  hornblende monzonite porphyry , possib l y  folloHin g  the 

same st ructu ral \veaknesses . Th e qu a r t z- feldsp a r  porphyry 

dykes may represent radial dykes to the porphyry intrus i o n s .  

Outli ers o f  rhyo lite and rhyo l i t e  tu f f  c rop o u t  \vi thin 

the a re a . They a re prob ably rel at ed t o  the hypabyssal acid 

sui t e  describ ed ab ov e . There is a suggest i o n  o f  rhyol i t e  

porphyry int e rb edded with Mount Nansen a ndes i t e s  a t  the south­

west eclge of t he m ap .  Here a ndesi te may overla y  rhyolit e . 

The rhyol i t e  un i t  has b een placed i n  the Tert i a ry by both 

C a i rnes ( 19 1 5 ) a nd Bost ock ( 19 3 6 ) .  Hence Nount Nansen 

volcanism may have also extended int o Tertiary t ime . 

At l e ast one peri od o f  hydrothermal act ivity a nd 

associ a t ed brecc i at i o n  h as occurred a ft er the emplacement of 
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th e s tock . Two z o n e s  o f  bre c c i a  c on s i s t i ng o f  rhyoda c i t e  

porphyry fragmen t s  c emented \'li th a qu urtz- t ourma l in e  m a t r i x  

and one bre cc i a  o f  rhyodacite and Hou n t  Nan s en group fragment s 

c emented wi th a s i l i c eou s matrix c rop out i n  the a r e a . A l l 

the brecc i a s  a re a s s o c i a ted Hith l ine ament s .  The two tourm a ­

l in e  brecc i a s  appear to be vri t h i n  t h e  bound ari e s  o f  the 

c ompo s i t e  porphyry s t o ck .  The b r e c c i a t e d  body c o nt a i n ing 

b oth porphyry and Hount Nansen group l ava :fra gment s i s  prob ab l y  

a n e a re r  s u r f a c e  expr e s s i on o f  the s am e  pro c e s s  that fo rmed 

the t ourm a l i n e  brecc i a s .  

S evera l  mod e l s  for the f orma t i on o f  b re c c i a  z on e s  h a v e  

b e en a dv a n c ed i n  recent y e a rs , prim a r i l y  b e c a u s e  o f  their 

a s s oc i a t i on with e conomic minera l i z a t i on . Of 2 7  porphyry 

c opper d epo s i t s  stud i ed by Lowe l l  a nd Gu i lbert ( 19 70 ) ,  b r e c c i a  

pipes w e r e  pre s e nt i n  20 a nd miner a l i z ed i n  18 d epo s it s . 

S i l l i t o e  and SaHkins (19 7 1 ) i n  a r ec ent paper h a v e  

p o s tu l a t ed , f l u id corro s i on and s ub s equent co l l ap s e  a s  a mode· 

o f  format ion f o r  m a ny o f  the Chi l e a n  t ou rm a l i n i z ed brecc i a  

p ip e s . Fluid i n c l u s i on s tudi e s  ind i c a t ed pipe gene s i s  

o c cu rred 2 - 3 ]� . b e l ow the then exi s t i ng s u rf a ce . The f i ne­

gra ined matrix of the fragment s \vi thin the Houn t  Nan s en 

t ourma l ine bre c c i a s  may i ndi cate a h i gher l ev e l  o f  forma t i on . 

Co l l aps e cons equent o n  re l e a s e  o f  supp o rt i ng magmat i c  

pre s sure h a s  b e en advanced b y  P e rry {19 61) a s  a no ther meth od 

� f  b r ec c i a  form a t i o n . The rel a t iv e l y  sma l l  s i z e  o f  f ra gment s 

Eound i n  the tourm a l ine bre c c i a  o f  t h e  Mount Nan s en a re a  i s  

lrob ab l y  not compatib l e  with thi s hypothe s i s . 



The tourm a l ine breccias a re not bel i eved to b e  fault 

brecci as although line aments are a s soci ated with them . The 

ab s ence of fragments shm·1ing she a ring , the equ i d imens i on a l  

pl an of expos ure and finer l"ragments a s soci ated with l arger 

fra gments are not characteri stic of fault brecc i a s .  

White , et a l  ( 1 9 5 7 ) have hypothe s i z ed that the 
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tourm a line brecci a s  o f  the Highland Va lley a r e a  a r� caus ed by 

explos i on in the loHer part of volcanic structure s . They 

propos e that t h e  pressure of volati l e s  in a cupol a exce eds 

the confining pressure , and that the resultant explos i on s  
/\ 

fragment the rock . Ga s e s  or supercritica l  fluids e s c ape 

throu gh brecci as , �oca l ly entra i ning at;d redi stributing fine 

matrix materi a l , but not apparently rounding the l a rger 

fragments . 

In th e Nount Na n sen area extens ive hydrotherm a l  

a l teration and outl iers o f  rhyolite tu f f  that a re a s s oci a ted 

with the hypabys s a l  porphyry intrus i on , suggest this exp l o s i ve 

mechanism as·  being the most favourab l e  for the devel opment o f  

t h e  brecci a s . Hydrothermal fluids streamed through the s e  

ne\vl y formed breccia bodies and adj acent fi s su r e s  cau s i ng the 

a l terati on mineral zoning that wi l l  b e  described next . 

,i ' 
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ROCK ALTERATI ON 

For an a l te rati on z oning study i t  i s  nece s s a ry to 

obta in a n  a s s embl age o f  a l teration  minera l s  from each s ampl e .  

S ome a lteration minera l s ; such a s  cl ay , can occur in several 

zones and a re n ot di agnosti c .  By identi fyi ng a group of 

mine r a l s  with the s ame stab i �ity relati onships , a zone can 

be determined . The rocks within a given z one c a n  be i nter-

preted a s  h aving unde rgone the s ame chemical cha nges . 

Surface rock a l teration in the Mount Na n s en a re a  is 

perva sive and a z one lvi l l  impl y a sca l e  of s ev e r a l  hundreds 

::>f feet·. 

Alter ati on mi nerals Here iden t i fied by prepari ng 3 3  

{-r a y  d i f fracti o n  traces o f  feldsp a r  phenocrysts , examination 

> f  40 thin s ections and fi eld mapping . 

For a l l X- ray d i ffraction tra ces , CuK OC radi ation was 

0 
t s ed .  First order 7 . 1 6- 7 . 1 7 A pe aks were taken to repres ent a 

0 
: a o l i nite group m i neral whi l e  first order peaks o f  9 . 9 8- 10 . 1  A 

rere thought to repres ent muscovite b a s a l  spacings . 

Three s ampl es showing ka ol inite group m i n e r a l  pe aks 

•ere heat tre a ted to test the va l idity of th i s  a s sumpti o n . 

l ides of  s ampl e s  D- 9 7 ,  2- 3 00 , and 2- 3 60 \vere h e a ted for 8 

0 
ours at a temperature of 5 50 c .  The pres ence o f  a k a o l i nite 

roup mineral wa s confirmed in a l l  three s ampl e s  by the 

0 
i s appearance o f  the 7 11. pe a k .  The muscovi te p e a ks were 

n a ffected . Ka o l inite 't·li l l  b e  us ed to mean a k a o l in i te group 

ineral for the remai nder of thi s d i s cus s i on . 
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Alterat i on Types 

Severa l  types o f  rock a l terat ion have probably oc curred 

in the Mount Nansen area . Th ey a r e  deuteri c , s upe rgene a nd 

hypogene . The t erm deuteric a l t eration imp l i e s  a lterati on i n  

an  igneous rock produced du r ing the l ater s t a ge s o f ,  and a s  a 

direct cons equence o f ,  the cons o l idat ion o f  m agmti or l ava . 

The t erm d i s c riminates such a lterations from t h e  more s t r i c t l y  

second a ry changes due t o  a l ater o r  hypogene per i od o f  a lt er a-

t i on . Hypogene a l teration i s  cau s ed by an influx o f  high 

t empe rature s o l ut i ons into c rys t a l l i z ed rock u su a l ly a t depth • 

. The term supergene alteration denot es ro:;-zk a l t e r at ion cau s ed 

by weathering a nd rel ated n e a r  surface process e s  i nvolving 

solut ions o f  n e a rby surfi ci a l  origi n .  Acid solut ions der ived 

from the oxi d a t i on of iron s ulphides play an imp o rt a nt r o l e  

in c au s i ng supergene a l t erat i on .  

The a l terat ion minera l s  and m i neral a s s emb l ages formed 

by these variou s  processes  a re o ften- the s ame . Dist i nct i on 

beb-Jeen these a l t era tion types · i s . not e a sy { Ro s e , 1 9 7 0 ; Heyer 

and Hemley,  1 9 6 7 ; Scht·7artz , 1 9 5 6 ) and , in fact , i s  impo s s ib l e  

i n  the Mount Nansen are a  a t  this st age o f  s u r f a c e  study . 

Hm-.rever , some qu a l itative a s sumpt ions can be made about the 

extent o f  the three t}�es . The d i s cu s s i on to foll ow is ., 

concerned mainly \vi th hypogene a l t er a t i on but the eff ec ts o f  

deuteric and supergene a l terat ion l-.ri l l  b e  ment i oned \vhere 

invo lved . 

( 



Alteration Zoning 

Studies of mineralogical z oning sugges t  there are at 
. . 

l e a s t  four and probably five hypogene a ltera t i on a s s emb lages 
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d i scernable in a nd around porphyry copper depo s i t s . The terms 

pot a s si c ,  advanced argi l l i c ,  phyllic , a rgil l i c  a nd propyl i t i c  

have been u s ed b y  Heyer and Remley ( 19 6 7 ) and by Meye r , She a 

a nd Godda rd ( 1 9 68 ) to describe various a ltera t i on zones 

cha racteri z ed by a particular mi neral a s semb l a g e . 

Pot a s s i c  z ones commonly inc lud e the a s s emblage potash 

feldspa r , b io tit e , m a gnetite a nd anhydrit e .  An advanced 

arg��l i c  zone i s  distinguished by the a s s emb lage , qu a rtz , 

sericit e , tourm a l ine , kaolinit e , pyrophyll i t e  a nd dickite . 

Phyl� i c  z ones a r e  dist inguished by the m i ne r a l  a s s embl a ge , 

quartz , seri c i t e  a nd pyrite . Qu artz , kao l i n i t e  a nd mont-

mori l lonite group minerals are predominant in the argil l i c  

z on e .  Final l y ,  propyl itic zones are chara cteri z ed by the 

.a s s embl age , chlorit e ,  epidote ,  carbon ate a nd a lb i t e .  These 

z ones have been found to grade into e ach othe r .  Commonly 

the po t a s s i c  or advanced argil l i c  zone is found c l o s e st t o  

the heat and s o lu t ion s ource . Phyl l i c ,  argil l i c  and propy l i t i c  

a s s emb l ages a re found in that order out from t h e  more int ense l y  

a ltered core z on e . The repeated appearance o f  the s e  spec i fi c  

mineral a s s embl ages suggest repet ition o f  simi l a r  phys ic a l-

chemi c a l  cond i ti ons e spec i a lly \.;hen coup led w·i th the f a ct that 

the a lt ered p arent rock of most porphyry coppers is of the 

s ame compo s i t i on ( Cre asey , 1 9 6 6 ) . 

: .  / 
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Four surface alter a t i on zones with char a ct er is t i c  

mineral a s s emb l ages \vere s eparated in the the s i s a rea . The s e  

zones are named advanced argi l l ic , phyl l i c , a rgi l l i c  and pro-

pyl i t i c . Phyl l i c  and argi l l i c a l terat ion i s  by far the most 

wid espre ad . The hydrotherma l  system Has centered i n  the midd l e  

of ·the compos i t e  porphyry s t ock .  �vo qu artz-tourma l ine 

brecc i a s , and s evera l other s i l ic i fi ed dom a l  struc tures appea r  

t o  b e  the cent res o f  hydrothermal emanation s . Adv a nc ed 

a rgi l l i c  and phyl l i c  a lteration a re characteri s t i c  o f  t h es e  

area s . Le s s  intense , a rgi l l i c  and propyl i t ic a s s embl ages c a n  

b e  found i n  roughly concentr i c  zones a round the s e  centres .  .c. 

The m a i n  parameters that have control led the a l t e r a-

t ion pat t ern a r e  believed to be : 

1 )  po s t- a l terat ion faul t ing 

2 ) changes in \·lall rock compos i t ion 

3 )  frequency of guid ing fractures 

4 )  progr e s s ive changes in compos i t i on 
o f  hydrothe�� a l  fluids from source 
outHards 

P ost- a l te ration faulting has occurred a l ong the Hhee l er-

Fau l t . An intense phyl l i c  zone expos ed s outh o f  the Fau l t  e nd s  

abrupt ly aga i n st i t . North of the F ault rocks a r e  only 

sl ightly a l t ered to a propyl i t i c  a s semb l a ge . The extens i on 

of the phyl l i c  z one could not be located . I t  may have b een 

o ffset l e ft l a terally to the topographi c a l l y  l ow Summit Creek 

area . 



Rock compos it i on has only a ffected the ring- l ike 

patt ern where the hydrotherma l  fluids have p a s s ed through 

b a s i c ,  vol canic rocks . For example ,  at the head\·7aters o f  

Court l and Creek , a phyl l i c  al terat i on o f  porphyry intru s ives 
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changes immed i a t e l y  into a propyl itic a s s embl a ge at the contact 

with andes i te s . Fractures within the and e s i t e  a re fi l l ed 

with epidote . The s im i l a rity in chemical compos i t ion o f  the 

e arly- Tert i a ry porphyry intrus ives and the surroundi ng 

qu artz monz on i t e  b a thol ithic rocks ha s not a ff e ct ed a con-

c entri c zon a l  p a t te rn of a lterat i on minera l s . 

The frequency o f�'�guiding fra c tures for channel ling the 

hydrotherm a l  fluids has pl ayed an import ant ro l e  i n  loca l i z ing 
-

hydrothermal a c t ivit y.  At least four central o r  core zones 

exi st Hhere hyd rothermal fluids have been chann el l ed in l arger 

amount s by fra ctured and brecci ated area s ,  then penet rat ed 

equ ivalent volum e s  o f  rock el s eHhere . The tvTO brecc i a  pipes 

have an advanced a rgi l l ic minera l a s s embl age and a re surrounded 

successively by phyl l i c  and argi l l i c  h a l o s . At l e a s t  t\vo other 

core areas exi s t . Thes e  are are a s  o f  i nt e n s e  phyl l i c  a l t e ra-

t i on surrounded b� argi l l ic and propyli t i c  a s s embl ages . All 

the hydrotherm a l  a l t erat i on c entres are characteri z ed by s il i ca 

i n  excess o f  \vha t  could b e  expe cted from the breakdown o f  

s i l i c a t e s . The se s i lici fied areas are t opographica lly 

a noma l ou s . C entres of hydrothermal a ctivity a re shown on the 

map (Appendix 3 ). 

Of cours e , the m ain pa rameter o f  minera l z oning mus t  

b e  the changing compo s i t i on o f  the a l t e ring fluid s . Zones 
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reflect the extent o f  hydro l i tic decompo s i t i on o £  the s i l i c a t e  

h o s t  ro cks  b y  the hydrotherna l fluids (Remley a nd Jone s ,  1 9 64 ) . 
-' 

T�1 i s  \·.r i l l  be d i s cussed in the s e c t i on on chemi s try . 

Descript ion o f  Alterat i on Zones 

Adv anced �rgi l l i c  

Wi thin the Mount Nansen s tod� , the �dvanced a rg i l l i c  

zone i s  ch aracterized b y  the mineral a s s embl a ge ; qu a rt z ,  

t ourm a l i ne , s ericite , minor kaol inite and possib l y  apat i te . 

Onl y  the t ourm a l ine breccia bodies are found to h�ve thi s 

a s s embl age . Tourmaline is the only minera l  tha t  d i s t i nguishes 

thi s group from phyl l i c  alterat i on . It i s  pos s ib l e  tha t more 

than one period of hydrothermal a l ter a t i on has o ccurred t o  

produ ce th i s  advanced argi l l i c  a s s emb l a ge .  

The mat rix o f  the bre c c i a  i s  compos ed s o lely o f  quartz ,  

t ou rmal ine and pos sibly minor apat it e .  'l'he rhyod acite porphyry 

fragments have kept their origina l  porphyri t i c  t exture . Fe ld-

spa r phenocrys ts vli thin the fragments have been ps eudo-

morphi c a l l y  r epl a ced by qu artz and serici t e . Quartz pheno-

crysts \vi thin the fragments remain un a lt ered . The groundma s s  

o f  the :fragments i s  a mixture o f  qu art z , seri c i t e  and minor 

];:a o l i ni t e . 

Sulphides may have a l s o  b e en included i n  th i s  

a s s embl age . Ja rosi te thinly co a t s  mo st o f  the c avit i e s  i n  the 

brecc i a . Jaro site  wi ll precipit a t e  from the oxidation o f  iron 

sulphides in a pot a s sium rich , a cidic environment ( McKins t ry ,  

1948 , p. 2 5 5 ) .  The pot ass ium i s  ava i l ab l e  from the s e r i c i t e  

gangue . 
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Phyl l i c  Zone 

The phyl l i c  zone is ch�racteri z ed by the miner a l s  

qu a rtz , ser;i.c it e ,  pyrite and minor kaolini t e .  Thi s  a s s embl age 

occurs outlvard from the advan ced a rgi l l i c  zone a nd , a s  wo s 

ment ioned earlie r , o c curs as a l teration core zones i t s el f .  

S er icit e ,  qu a rtz , and kaolinite common l y  rep l a ce the 

feldspars . and m a trix of the roc1:. pseud omorphi c a l l y  so that t he 

origi n a l  texture remains ( Pla t e  1 6 } . 

P l a t e  1 6 . Quart z and s ericite h·rhi te ) h a s  
repl a ced feldspars o f  rhyoda c it e  
porphyry . Porphyritic t exture 
rema ins . 

No m a f i c s  a re l e ft in thi s zone . Some rocks within 

the more inte nse  areas of phyl l i c  a l teration have been a l tered 

to a fine gra i n  m a s s  o f  quartz and s erici t e . In thes e  a re a s  



only qu artz phenocrysts rema in a s  evidence o f  the rock. •  s 

original porphyritic texture ( P l a t e  17 ) .  

P l a t e  1 7 .  Intense phyl l i c  a l t er a t i o n . 
On e quartz phenocryst r emain s . 

Where phyllic a lterat i on of t h e  qqa rt z monzon i t e  

ba tholithic roc1;:.s has occurred , i t s  e quigranu l a r  t exture 

commonly rema ins ( P l ate 18 ) .  
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Plate 1 8 . Phylli c  alt eration o f  a quart z 
mon zonite roc];:.. Equigranular 
texture remains . 

5 1  

The extreme porosity o f  the roc ks that h ave underg-one· 

this t ype o f  alteration has favoured the l eaching out o f  all 

iron sulphides. Host o f  the vugs l e ft b y  the s ulphide s  are 

void of limonite. Iron oxide has been transported out from 

the s e  vugs into the surrounding rock , commonly pre cipitating 

as pota s sium- rich j arosite. The precipitation o f  j arosit e  
' 

give s  the s ur f a c e  rock o f  the phyllic zone a ye l low-brm..rn 

colouration (Plate 1 9 ) . 
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Plate 19 . Sulphides are completely 
leached £rom rock. 
Transported Fe ++ has 
precipitated as jarosite , 
staining rock . 

5 2  

There are several problems in defining an outside limit 

to the phyllic zone or conversely , an inside limit to the 

argillic zone � Host authors that have described porphyry-

copper alteration zoning suggest sericite is o £  hypogene origin. 

Rose ( 1 9 70 ) qliestions this assumption by pointing out, there 

is an abrupt change from sericite to biotite at the base of 

the leached capping at Safford , Arizona. Hemley and Jones 

( 1 9 64 ) indicate that sericite is stable at moderately high 

K+ 
n+ ratios ( Figure 3 ) , at low temperatures ; an environment 

consistent 'tvi th high pH. The extremely lot·l pH round in most 

supergene alteration zones argues against the important 

development of supergene sericite. Since mos t  silicates 



inc luding sericite wi ll a l ter to kaolinite unde r  supergene 

c ondi t i ons , s ericite i\'as identified as hypogene in the Hount 

5 3  

Nansen s tock . Thi s  assumpt i on i s  reinforced by the f a ct that 

x- ray d i ffra ction tra ces shmved sharp seri ci t e  peaks ; i ndica­

t ive o f  a n ordered crysta l s t ructure . Disord ered crys t a l  

structures a re common \vith minera l s  o :[  a supergene origin . 

Second l y ,  provid ing the s ericite i s  hypogene ,  hoiv 

ext ensively has it  been repla ced by kaolini t e ?  A supergene 

origin for c l a y  is nov.r Hiclely accepted . Hem l e y  and Jon e s  ( 1 9 64 ) 

s t a t e  that under supergene conditions most s i l i c a t e  m inera l s  

wi l l  tend t o  a l t er directly and compl etely t o  kaolini t e .  

Garrels a nd Hmvard ( 1 9 5 9 ) have sho1vn that a t  a t emperature 

o f  25°C and 1 atmosphere pressure , h i gh H+ promotes the r epl a ce­

me nt of mic a and pot ash fel dspar to c l a y .  The s e  cond iti ons 

a re exac t l y  those found in the nea r  surface oxidi zed zones of 

porphyry copper deposits . 

Wide spread supergene ka olini z a t i on o f  s i l i c at es i s  

suspected in the 1-iount Nans en a rea . JIAl l  the feldspar phe no­

crysts o f  porphyrit ic  rhyol i t e  for example , have b een 

compl et e l y  repl a ced by kaolini t e .  The rhyo l i t e s  c rop out 

s everal m i l e s  a·1;1ay from c entres of hydrotherm a l  a ct i vi t y .  

Economi c a l l y , the qu artz- seri c it e-pyrit e  o r  phyl l ic 

zone i s  o f  great import ance and thu s i t s  d e l i n e at ion i s  a l s o  

o f  import ance . Twenty- five o f  t\venty- s even porphyry c opper 

depos its of the southHestern United States , s tudi ed by Lm·lel l  

and Gui lb ert ( 1 9 7 0 , p .  40 1 ) , have a · qu a rtz- s e r i c i t e  z one . 
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Thi s zo n e i s found to be the chi e f  ore b e arer in most depo s i t s . 

S el-ici t:e mu s t  be u s ed as the key ind i cator for a phyl l i c 

a l ter a t i on zone . F e l d spa r ph enocrysts wi th gre a t er than 10 % 

s eri cit e deve l opmen t  ·Here con s ide1·ed to exhibi t  phyl l i c a l  tera-

tion in t h e  Mount N a n s en s t o ck a l tera t ion patt e rn .  The other 

90% may o r m a y  not be kaol inite . However , i t  should b e  point ed 

out again that mo s t  o f  the phyll i c z o n e  i s comp o s ed of qu art z 

and s er i c i t e  that has comp l e t ely repl a ced the £e ldspa r s . 

Hhere phyl lic a l teration has  been intense , the rocks a r e  

al tered to  a fi ne gra in ma s s  of qua rt z and s ericite . 

Arg i l l i c  Zone 

The a r g i l l i c  z one is chara�terized by the a l t e ra t i on 

a s s embl age k a o l i n it e ,  quart z and minor seri c i t e . I t  occurs 

a s  a halo around the phyl l i c  zone and is very \·Jid e spre ad . 

Rocks within this zone a lways retain t h e i r  parent 

t extu r e . Feld sp ar phenocryst s . are usually comp l etely rep l a ced 

by kaolini t e  and qua rt z .  The phenocrys t s  a re b l e ached 'i.vhi t e  

and are extrem e l y  s o ft . The mat rix i s  a l s o  c ommonly b l e a ched 

and s o ft ened t o  a l e s s er degree . Qu a rt z  phenocrys ts a lways 

remai n  una l te red . Limonit i c  s t a ining , c ommonly goethi t e , 

i s  found on \·le athered surfac es o f  roc).:. fragment s . Su lphid e s  

are typic a l l y  completely leached out and only void c ryst a l  

out l ines rema i n . 

Unl ike m a ny porphyry copper environmen t s  there i s  n o  

evid ence at surface o f  an outer montmori l loni t e  sub- z on e . 
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None o f  the feldspar phenocrysts x- r a yed shm.;red a trace o f  

montmo r i l lonit e . I f  there '\va s  an argi l l i c  rrtontmori l l oni t e-

sub- zone , it i s  l ikely that it has been ove rprinted by super­

gene kaolini z ation . Severa l  des cript i ons o f  a rg i l l i c  zones 

in porphyry copper depo s i t s  ind icate pot a sh f e ld spar pheno­

c ryst s  are commonly less alt ered than p l agiocl a se . In the 

argi l l i c  zone of the Mount Nansen stock a l l  feldspars are 

a lmost completely kaolinized . 

The outer l imit o f  the argi l l i c  zone i s  the first 

appearance o f  mafic minera l s ; commonly books_ of biotit e  that 

have been comp l etely chl o ri t i z ed . 

The s igni ficance of the a rgi l l i c  a s s emb l age a s  a hypo­

gene a l terat ion zone i s  not knm·m . The pos s ib i l ity that mu ch 

of the kaolinite in this zone , the phyl l i G  z on e  a nd the advance 

argi l l i c  z on e , has been produced by supergene a l t erat i on i s  

great . Hm·1ever , x-ray traces shm·;red the minera l a s s em}::>l age 

qu a rtz- s eric i t e-kaol inite for feldsp a r  phenocry s t s  s ampled 

from a percu s s i on d rill ho l e  { CP- 2 )  from surface to a bottom 

depth of 3 60 fee t . Kaolinite at 3 60 feet may i ndi cat e that 

at least s ome o f  the clay h a s  a hydrotherma l origi n .  

Propyli t i c  Zone 

The propyl itic a lteration zone i s  cha racteri z ed by 

the mineral s , epidote , cl inozo i s i t e , a lbit e , chlo ri t e , 

l eucoxene , c a rbonate , pyri te , a nd minor s er i c i t e  and c l a y .  



Propyl i t i c  a lteration i s  a fringe or outer zone and grades 

from a rock thL�t has epidot e and c a rb onate fracture f i l l i ng s  

and bright green chl ori t i z ed m a f i c s  t o  ro cks that l ook fresh 

in the f i e ld . Thi n  s e ct ion exami n a t i on showed a l l rocks 
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out s ide o f  the a rgi l l i c  alterat i on zone t o  b e  propyl i t i zed t o  

s ome extent . Rocks s everal miles away from the i nten sely 

a l t ered s t ock shmved propyl i tic a s s embl a ges . Rocl:s within 

a 1 , 0 0 0  feet o f  the a rgillic z one showed a l l  m a f i cs t o  have 

been replaced by aggreg�tes of chlor i te , l eucoxene , epidote 

a nd c a rbonate o r  uncommonly b iot i te · or actinoli te. Hornb l ende 

and biotite \·Jere prob ab ly the origi n a l m a f i c  m inerals . ,
.
, P l a gi o­

c l a s e  appeari ng fresh in hand specimen shmvs a l teration i n  th i n  

s ect i o n .  C a l c i c  zones are commonly pre ferent i a l ly a l t ered 

Hhether they c omprise the core of norma l l y  zoned cryst a l s  o r  

int ermed i a t e  rings where o sc i l l a tory zoning h a s  occurred . 

Minera l s  repl a c ing the plagiocl as e  a r e  a n  a lb i t e , epidot e ,  

c a rbona t e  mixture or uncommonly c l a y .  S eri c i t e  somet imes 

flecks plagio c l a se .  Potash feldsp ar i s  common l y  una l tered . 

Unoxi d i z ed pyrite i s  common i n  thi s  zone . Pyri t e  

s ometimes maJ;:es up 1 0 �� o f  t h e  rocJ-;: ' s t o t a l  volum e .  Hhen 

pyrite is oxid i z ed ,  in this propyl i t i c  z one , a deep reddi sh-

brm·m hemat i t i c  l imonite forms on \·le a the red , surface s . Smu l l  

amount s o f  hem a t i t e  Here noti ced a long the b anks o f  Eva Creek .  

Host o f  the · propylitic z one i s  i n  qu art z-monzonite b a tho l ithi c 

rocks. 
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The \·lidespread occurrence o f  the propyli tic a ssembl age 

i ndi cates t h a t  s ome of these mi nerals were formed by deuteri c 

or supergene processes. l�ere epi dote and calci te occur a s  

f r a c ture fi lli ngs t o  any extent , i t  i s  probably safe t o  con-

elude a hyd roth erm a l  origin for ·that particular propy l i t i c  

a l t e r a t i o n . Thi s fra cture f i l l i ng form of a l t e r a t i o n  does 

occur just outsi de the argillic zone. Rem l e y  a nd Jones ( 19 64 )  

i ndicate that i t  i s  almost i mpossi ble to d i sti nguish bet\veen 

deuteri c alteration or igneous bodies ,  \·Jh i c h . i s  chara cter isti c-

ally propyli tic a nd a later i n c ipie�t propyli ti c alterat i on. 

For thi s re a s on o n l y  the i nner limit of propyli t i c  alteration 
"" 

i s  shown i n  the alt erat ion pattern o f  the Mou n t  Nans e n  a r e a . 

Chemistry 

Four a l t e r a t i o n  zones have been recogni zed i n  the 

Noun t Nansen a :.-ea. The four zones have been na med :  advanced 

a rgilli c, phylli c ,  argillic and propyli tic. The advanced 

argilli c and phyl l i c  zones a re core area s ,  surrounded 

successi vely by a rgilli c a nd propyli ti c zones. Each zone i s  

chara cterized by a specifi c minera l assemblage . These 

di fferi ng minera l assemblages a nd their zones reflect di ffering 

degrees of hydrolytic decomposition of the sili c a te host rocks • 

. , 

More speci fi cally, they reflect the results of reacti on o f  

" 1 . k . th 1 t .  
. l . 

h 
cati on 

S l  1 C a te roc S Wl S O  U 1 0 ns 1n W ll C  . 
H+ 

were low, intermediate or high (Hemley, 1 9 64 ) . 

activity r a t i os 

Acti vi ty can be thought of a s  concentrat i on, modi fi ed 

by the effects of hydrothermal flu i ds and d issolved substances. 
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Hydrolysis may be defined as a decomposition reaction Hith 

hydrothermal fluids in tvhich either H+ or mr ions are consumed 

by silicate minerals which then must release to solution an 

amount of cation, chemically equivalent to the quantity of H+ 

consumed . Hydrolysis then, is simply hydrogen metasomatism 

( Hemley, 19 64 ). 

The propyli tic zone is the fringe zone to areas v1here 

more advanced type hydrothermal alteration has occurred. The 

mineral assemblage includes chlorite, albite , epidote, 

carbonate, leucoxene and minor. sericite. Very little hydro­

lysis has taken place in this zone . LotJ cation I-I+ activity 

ratios are expected . I·1ost o f  the minerals have formed by the 

hydration ( addition of H2o )  of biotite and hornblende. co2 

has also been add ed to form carbonates . + The K released by 

the cl1lori tiz a tion of biotite, before extensive decomposi·tion 

of feldspars, probably produced the small amounts of sericite . 

This hyc1roly·tic reaction may be represented by the equation 

( Heyer, 19 67) : 

2K ( Ng, Fe)3A1Si3o10 C OH)2 + 4H+ -+ Al (llg , Fe ) 5AlSi3
010 C oH )8 + {Hg, Fe)+ 2 . 

biotite chlorite 

+ 2K+ + 3S io2 

The equation shows the loto7 cation activity ratio character-
H+ 

istic of propylitic alteration . �1is propylitic mineral 

assemblage can also be produced by deuteric and supergene 

alteration . 

The argillic zone is indicative of intermediate hydro-

lytic decomposition of silicate minerals. l�aolinite and quartz 
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are the prominent alt erat i on minera l s  o f  thi s  z one . Kaol inite 

is unstab l e  above 400°
C .  s ett ing a maximum t emperature l im i t  

for a rgi l l ic a l terat ion ( Cre a s e y ,  1 9 6 6 ) . Pot a sh fel d spar a nd 

pl agi ocl a s e  have been completely repl aced by k a o l i n i t e  and 

qu a rt z  within much o f  this zone . Ha fics are abs ent . The 

boundar i es between the argi l l ic a nd propyl i t i c , a nd the 

argi l li c  and phyl l i c  zones a re grad at iona l over s evera l  hundred 

feet . The k a o l i n i z a t ion o f  plagioc l a s e , repre s ented by t he 

equat ion ( Rem l ey ,  1 9 64 ) : 

+ + +2 
Na2 CaA14 S i

8
o2 4 

+ 4H + 2:a
2

o _,. 2Al2
S i

2
o

5 
( OH ) 

4 
+ 4 S i 02 

+ 2Na + C a  

and e s ine kaol i n i t e  
.<..\ 

cat i on typ i f i e s  inte rmedi a t e  a ct iv i t y  r a t i o s  o£ the hydro-..!.. 
H '  

thermal s olutions and the result--ing hydrolyti c  reactions 

expected in the a rgi l l ic zone . 

The tot a l  replacement o f  pot a sh feldsp a r  by k a o l i n i t e  

i n  t h i s  z one may i nd i cate extensive supergene £orm a t i on o f  

k a o l i ni t e . F i gure 3 adopted from Rem l ey and Jones ( 1 9 64 ) 

shows the rel a tive s t abi l i t i e s  o f  kaolinit e , muscovi t e  and 

pot a sh feldspar .  Pot a sh feldsp a r· should b e  s t ab l e  under the 

int ermed i a t e  hydrolysis expected i n  the argi l l i c  zone . The 

form a t i on o f  kaol i n i t e  is s e en to be favoured by low t emper­

atures and lm\1 a lka l i  ion/H+ rat i o s . Thi s  i s  cons i s tent 'l.'li th 
., 

the a c i d i c  environment of supergene a l t er a t i on . Rapi d  remova l  

o f  d i s s o lved c a t i ons i n  a supergene l eaching envi ronment would 

hinder the crys t a l l i z at ion o f  int ermedi at e  product s , s u ch a s , 

s eri c i t e . Thus , i n  a lmv t emperature and l m·.:r a lk a l i  i on/II
+ 

environment , most s i l icates Hould t end t o  a l t er d irec t l y  a nd 

completely t o  k a o l i n i t e  ( Heml ey ,  1 9 64 ) . Hypogene s e r i c i t e  



may a l s o  have been repl a ced by supergene kaol ini te . The 

fol l mving rea ction would exempl ify this process : -

2KA1 3 s i
3

o
10

( 0H )
2 

+ 2H
+ 

+ 3H2 o _,.. 3Al
2

s i
2 o

5
( 0II )

4 
+ 2K

+ 

muscovi te kaolinite 
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The phy l l i c  and advanc ed arg i l l i c  al  ter
.
a t i on zon e s  a re 

core z ones. Hydrothermal fluids ci rcu l at ing in the s e  are a s  had 

a high 
cat ion 

H
+ a ctivity rati o .  Tourmaline d i £ ferent i a t e s  the 

advance argi l l i c  z one from the phyll i c  zone . The i n t roduc t ion 

of boron may repre s ent a s epa ra te period of hydrotherma l  

a ct ivity . S ericite ,  quartz , ahd minor c l ay are common t o  both . 

The upper temperature l imit o f  qu artz- sericite alteration i s  

0 
about 6 2 5  C ( Cre ase y,  1 9 6 6 ) . In the s e  alteration zones qu a rtz 

i s  present in greater amounts than could be expe cted from the 

breakdo\vn of rock- forming s i l i cates . Pyrite \·la s probabl y  

included i n  this a l t eration mineral a s s emb l a ge . Hm·,rever , 

und er s upergene a t t a ck ,  iron sulphide s  have complete l y  a l tered 

to j aro s i t e  and goethit e .  

The a lteration process o f  the se zones i s  e}�ressed 

dominantly by the decomposi tion o f  pl agioc l a s e  and o rtho c l a s e  

and i s  i llustrated b y  the equat i ons : 

3Na 2caA14Si8
o24 + 8H+ + 4K+ -.. 4KA1 3 si 3

o
1 0  

( OH )  2 + 6Na + + 3 C a  
+ 2  

andesine 

+ 1 2 S i o2 

qu a rtz 

ortho c l a s e  

s ericite 

seri c i t e  qu artz 
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IIigh t emper a ture a nd h i gh 
c at i on 

H+ 
r a t i o s  o f  t h e  a lt ering 

fluids Hi l l  c a u s e  ·the above re a ct i o n s  to pro ceed ( Fi gure 3 ) . 

6 2  

P o t a s s i um t o  produc e  seri c i t e  from pl agioc l a s e  c a n  b e  derived 

from the hydro ·thermal fluids or a s  shmm above by the b r e ak-

dm·m o f  o rt ho c l a s e .  Ninor 1:a o l ini t e  i s  probab l y  deri ved from 

supergene a l t er a t i on of s erici t e .  



INTERPRETATI ON 

Advanced argi l l i c ,  phyl l i c , argi l l i c  a nd propyl i t i c  

a l  tel· a t i on zones have been rec ogni z ed ,  l>li t h  the hydro therm al 

s ys t em c ent ered i n  the early- Tert i a ry porphyry s t o d: . Pre­

n l t eration ancl post- a l t eration fracturing and fau l t i ng has 

occurred . Pre- a l t eration fra ctures have gu ided the rock 

a l t ering fluids into at l e a s t  four core area s .  Core zones 
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are typi fi ed by minera l ass emb l a ges charact eris t i c  o f  advanced 

a rgi l l i c  and phyl l i c  a ltera t i on .  The introduction o f  boron 

ri ch solut i ons '\.vi th subs equent crys t a l l i zation o f  tourm a l ine 

may represent a s eparate peri od o f  hydrothermal a lterati on .  

The e ffect o f  thi s peri od o f  hydrothermal a c t ivity would 

superimpose i t s e l f  over an exi s t i ng pattern by incre a s ing the 

int e n s i t y  of a l t eration . Thi s  effect i s  sugges t ed by the 

a l terat i on pattern found at  the headwa t ers of Courtl and Cre ek . 

An in ferred c ont i nuation o f  the m1eel er Fau l t  h a s  not offset 

the a l terat i on pattern a round an advanced argi ll ic core zon e .  

Ho\vever , the l-lhe e l er Paul t d oes appear t o  o ff s e t  a l t erat i on 

patterns to the e a st \·lhi ch a re ch aracterized by phyll i c core 

z ones . 'l'ourm a l in i z a tion then may have been pos t-11hee l er Paul t 

whi l e  phyl l i c  a l t erat i on core z ones are prob abl y  pre-Wheeler 

Fault . Convers e l y  the i nferred cont inuat i on o f  the f aul t may 

not exi s t .  The continuation o f  the a lt erat i on patter n  north 

of the lfueele r  r�ult could not be l o c a t ed .  A l e ft- l a tera l 

displ acement i s  suggested by one infe rred fra c ture o ffset . 

Surround i ng the core are a s  are irregu l a r  h a l o s  o f  

argi l l ic and propyli t i c  a ltera t i on mineral a s s embl age s . 
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Figure 4 shmvs the mi nera l a .s s emb l a ges cha r c:l c t e r i s t i c  of e a ch 

K+ z on e  repre s enting an out\·7a rd d e c r e a s e  in t empe r a ture o r  - or 
H+ 

both , o f  the a l t ering f luids . S ome o f  the perv a s ive kaol ini-

z a t i o n  m a y  have been produced by supergene a l t e ra t i on . However , 

k a o l i n i t e  h a s  been identi fied a t  a d epth o f  3 6 0  feet b e l ow 

surfa ce suggest i ng s ome kaol i n i t e  may a ls o  be hypogene .  

Unlike m any a l t eration z one s found in p o rphyry environ-

ments a pot a s s i c  c ore z one , chara cteri z ed by the mine r a l  

a s s embl age o f  s ec ond ary K- fe ldspar a nd b i o ti t e , was not found . 

The expl anat i on for thi s l ack o f  identi fi ab l e  pot a s s i c  a l t era­

t i on may be du e t o  $ ever a l  factofs . Li s t ed i n  incre a s ing 

order o f  prob ab i l i ty ,  these f a ctors are : 

1 )  

2 )  

3 )  

erad i c a t i on o f  second ary K- feldsp a r  by 
s upergene k a o l in i z a t ion 

!(f-
l a ck o f  high ,  temperature and r a t i o s  in 
the a l te ring fluids H+ 

l a ck of s u f f i c i en t  ero s i on to expos e  the 
pot a s s i c  a s s embl age 

The l a ck o f  s u f f i c i ent erosion to expose the pot a s s i c  a s s embl-

age i s  f avoured for s everal rea sons . The s e  a re : 

1 ) abs ence o f  extens ive gl a c i a l  eros i o n  

2 )  b re c c i a  z ones prob abl y  represent high 
l ev e l  hydrothermal a ctiv i ty 

3 )  the extens �ve dev�l opment o f  s e r i c i t e  
a rgues f o r  high K r a t i o s  in the a l t ering 
f lu id s  H+ 

4 )  the over a l l  z onal a l tera t i o n  pa t te r n  i s  
c h a r a c t er i s t i c  o f  porphyry d epo s i t s  \vi th 
pot a s s ic a l teration core zones 

Thi s  l evel of exposure i s  diagramat i c a l ly pre s ented in 

Figure 4 .  


