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TURBIDITE SEQUENCE, HOPE-SUNRI SE DISTRICT SOUTHERN ALASKA 

A Pre l  im i  nary  Report 

By P e t e r  A. M i t c h e l l ,  M i l e s  L. Silberman, and James R. O 'Ne i l  

INTRODUCTION 

The Hope-Sunrise min ing d i s t r i c t  i s  s i t u a t e d  i n  t h e  Kenai Mountains o f  southern 

Alaska, approximately 45 km southeast o f  Anchorage ( f i g .  1). The d i s t r i c t  i s  

F igu re  1.--Map of Alaska and adjacent areas, wi,th i n s e t  map o f  t h e  Kenai Feninsul a 
showing the Hope-Sunrise d i s t r i c t  ( s tudy  area) and the  major towns and 
roads. 

l oca ted  w i t h i n  the western most p o r t i o n  o f  the Valdez Group sedimentary sequence, 

which i s  comprised predominant ly o f  t u r b i d i t e  deposi ts  formed du r ing  La te  Cretaceous 

subduction. 

The minera l  deposi ts  of the Hope-Sunrise min ing  d i s t r i c t  are low-tonage, high- 

grade occurrences. Min ing  w i t h i n  the  d i s t r i c t  was most i n tense  between 1910 and 



1930. During these years several small properties were active, however, only one 

mine, the Lucky Strike,  had significant production. T h e  Lucky Str ike mine produced 

more than 50,000 troy ounces of.gold. 

GEOLOGIC S E T T I ~ G  

Regionally, the Valdez Group sedimentary sequence i s  dominated by quartzo- 

feldspathic t o  feldspatholithic sandstone and s i l t s tone ,  with minor conglomerate, 

cl  aystone, limestone and calcareous sedimentary rocks, tuff and bedded chert., These 

units have been metamorphosed t o  the chlor i te  zone, and locally t o  the b io t i t e  zone, 

of the greenschist facies or defined by Miyashiro (1973) (Tysdal and Case, 1979).  

Sandstone Petrography 

The sandstones of the Hope-Sunr ise d i s t r i c t  are subquartzose t o  nonquartzose 

(de t r i t a l  quartz <50 percent of a l l  de t r i t a l  consti tuents) rocks rich in volcatiic 

l i t h i c  fragments. They are compositional graywac-kes (unstable rock fragments > 

feldspar grains),  b u t  in general are not textural graywackes (primary matrix > 15 

percent). The average mode o f  the sandstones studied, Q20F24L56, plots within the 

feldspatholithic f i e ld ,  which is  denoted by the 3haded area of figure 2. 

The Valdez sandstones of the Hope-Sunrise d i s t r i c t  are compositi onally unstable 

and imature.  Texturally, the mean sandstone i s  comprised of 88 percent framework 

grains, 10 percent primary matrix, and 2 percent authigenic phyl losi  1 icate  and rare  

carbonate cement ( f i g .  2 ) .  No zeolite minerals were identified e i ther  by optical or 

X-ray diffraction techniques. 
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F i g u r e  2.--Composi t i o n  diagram and sa l ien t  s t a t i s t i c s  f o r  19 Valdez Group sandstones.  

A pe t rog raph i c  ana l ys i s  of these 19 sandstone samples i n d i c a t e s  t h a t  t h e  

sedimentary rocks were der i ved  from a  vo lcan l c  a rc  provenance ( M i t c h e l l ,  1979).  The 

dominance o f  f e l  s i t e  and hypabyssal rock  f r a y t e n t s  suggest a s u p r a c r u s t a l  v o l c a n i c  

o r  v o l c a n i c l a s t  i c  source t e r rane  t h a t  was comprised c h i e f l y  o f  r h y o l i t e  t o  dac i  t e  

l i t h o l o g i e s ,  bu t  i nc l uded  m i  nor b a s a l t  and andesi te .  A r e l a t i v e  ma jo r  c o n t r i b u t i o n  

o f  sedimentary and metasedimentary d e t r i t u s  .imp1 i es t h a t  t h e  vo lcan ' ic  a r c  was be ing  

a c t i v e l y  eroded. P l u t o n i c  rock fragments are a  minor  phase, but  suggest t h e  - 

i n c i p i e n t  un roo f i ng  o f  subjacent p lu tons .  

I n t r u s i v e  Rocks 

I n  coas ta l  southern Alaska,  major  i n t r u s i v e  events  occur red  d u r i n g  t h e  

Paleocene t o  La te  Eocene t ime  (60 t o  43 m.y., Hudson and o thers ,  1979) and again i n  

e a r l y  Ol igocene t ime (37 t o  35 m.y., Lanphere, 1966). The compos i t ion  o f  t h e  

c e n t r a l  mass o f  these i n t r u s i v e  bodies ranges f rom g r a n o d i o r i t e  t o  g r a n i t e .  The 

o n l y  i n t r u s i v e  rocks exposed w i t h i n  t h e  Hope-Sunrise area are narrow (%3 m), f i n e -  



grained dikes, t h ~ t  were intruded by %53 m.y.. B.P. Compositionally t t ie dikes are 
4 

ei ther  tonal i te ,  granodiorite, or alkali  granite.  

Structure 

A detailed structural analysis of the Hop-Sunrise d i s t r i c t  (Mitchell, 1979) 

suggests that  folding hegan shortly a f t e r  sediment deposition, producing two brcad, 

arcuate, open foldd and a weak axial plane cleavage. As deformation continued, the  

limbs of these early f o l d s  were deformed additionally by the development of small, 

closely spaced isocli nal folds that were accompanied by pervasive a x i  a1 plane s1 a t y  

cleavage cri ented QN~O'E.  Folding accounted for  over 40 percent horizontal 

shortening, increasing the overall thickness of the sedimentary prism to greater 

than 10 km. Shesring and f a u l t i n g  began l a t e  during i s o c l i n a l  folding and 

minor movement has cont inued t o  t h e  present ,  but without major disp lacement  

on any knokTn f a u l t .  Pos t - fo ld ing  stress release produced a penetrative 

joint system or ien ted  west-northwest and nor th .  

Mineralization 

Gold mineralization hosted by the sedimentary rocks of the Valdez Group has a 

pronounced spatial  distribution concentrated along a north south bel t  that  !nay be 

related to deep-seated structures,  variations in 1 ithology, and regi ona1 geothermal 

gradients ( f ig .  3) .  The deposits are primarily f i ssure  f i l l i n g s  in which native 

gold i s  hosted by a quartz ca lc i te  gangue (Tuck, 1933). Gold veins within the 
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VALDEZ GROUP 

GOLD LODE DEPOSITS 

F i g u r e  3.--0istribution o f  g o l d  l ode  depos i t s  and 
occurrences w i t h i n  t h e  Valdez Group sedimentary  
sequence t h a t  i s  exposed on t h e  Kenai Peninsula,  
Alaska. 

Hope-Sunrise d i s t r i c t  are narrow, t h a t  i s ,  g e n e r a l l y  l e s s  than 10 cm, and p e r s i s t  

f o r  o n l y  a few meters a long s t r i k e ,  though t h e  l a r g e r  ve ins  may exceed 1 m i n  w i d t h  

and may be l a t e r a l l y  cont inuous f o r  more than 100 m a long  s t r i k e  and d ip .  

Q u a r t z  Veins 

The o l d e s t  ve ins i d e n t i f i e d  w i t h i n  t h e  Hope-Sunrise d i s t r i c t  are t h i n ,  

i r r e g u l a r  qua r t z  ve ins t h a t  i n  general  p a r a l l e l  the r e g i o n a l  cleavage. These 

ba r ren  ve ins are corrrnon throughout  t h e  d i s t r i c t  and a re  b e l i e v e d  t o  be r e l a t e d  t o  

t h e  metamorphism t h a t  f o l l o w e d  the  main stages o f  r e g i o n a l  deformat ion.  Metamorphic 



,segregation quartz i s  mi 1 ky, f i  n e - y a i  ned and mass i  ve, and typ ica l ly  i s  f r ee  of 

su l f ide  and iron oxide mi nera ls .  

A second type o f  vein i s  comprised of milky to blue-gray mineralized quartz 

usually accompanied by ca l c i t e .  These vei ns are coarse-grai ned and cormonly vuggy, 

contain prominent sul f ide  and iron oxide minerals, and are typ ica l ly  sheared or 

brecciated. Joints ,  f a u l t s  and mi neral ized quartz vei ns cross-cut t h e  regional 

cleavage and metamorphic segregation quartz vai ns. 

Vein minerdlogy 

The principal  gangue minerals, quartz and c a l c i t e ,  are .  local ly  accompanied by 

a lkal i  feldspar ( a l b i t e  + orthoclase) .  Zoning of the gangue minerals i s  common in 

many o f  the  larger veins, however, quartz i s  always t h e  e a r l i e r  mineral and i s  

generally more abundant. Locally base metal su l f ides  are spat i  a1 l y  associated with 

the ca l c i t e ,  or are found along the quar tz -cz lc i t e  i n t e r f a c e .  Minor amounts of 

arsenopyrite, pyr i te ,  sphaler i te ,  hemimorphite(?), galena, gold, s i l v e r ,  and local ly  

pyrrhoti t e  occur in a l l  of the  major veins, b u t  disseminated wall-rock 

mineralization is rare.  Arsenopyrite i s  the most abundant su l f ide  phase p,resent i n  

the  veins, and gold i s  the  most common precious metal. 

GEOCHEMISTRY 

The presence o f  arsenopyri t e  and pyr i te  in a l l  of the  mineral assemblages 

r e s t r i c t s  the sulfur fugacity to a r e l a t i ve ly  narrow range. The lower l imi t  of 

su l fu r  fugacity i s  established by the  coexistence o f  pyri te  and pyrrhot i te  ( f i g .  

4 ) .  Pyrrhoti te i s  a mi nor phase and i s  not  always present,  thus in general the 

f u g a c i t y  of sulfur remained a t  or above the reaction: 

Pyrrhoti te + Su l fu r (g )  Pyr i te .  



Asp + Sztp, - PY + AS (2 

Figure 4.--Temperature (T)-sulfur fugacity ( F s p )  diagram showing 
the possible range in T--fs2 suggested by equations 1-3. 
The thermodynamic data ~das taken from Cl ark (1960), and 
Barton and Skinner (1979) .  The Sulfur condensation 
curve i s  represented by the l ine S ( v ~ - S ( l ) .  

The upper limit of sulfur fugacity i s  se t  by the  reaction 

Arsenopyrite + Sulfur(g) + Pyrite + Arsenic, 

The assemblage pyrite + arsenic i s  not known within the  d i s t r i c t ,  and consequently 

the fugacity of sulfur must be below the upper l imit  established by equation ( 2 ) .  

The possible variations in sulfur fugacity are fur ther  restr ic ted by t h e -  

presence of copper .as chalcopyrite, a1 though these res t r ic t ions  are speculative, 

s i l k  copper i s  present only locally.  Nonetheless i t  i s  important t o  note tha t  

chalcopyrite is  the only copper species that  was identified.  Since tennantite is 



- no t  present,  t h e  upper l i m i t  o f  s u l f u r  f u g a c l t y  must be l ess  than t h a t  needed t o  

cause t h e  r e a c t i ~ n  

. - 

Cha lcopyr i te  + Arsenopyr i te  + S u l f u r ( g )  + Tennant i te  + P y r i t e .  ( 3  

Further ,  r e a c t i o n  -(3) must l i e  a t  a s u l f u r  f u g a c i t y  i n te rmed ia te  t o  r e a c t i o n s  (1) - 
and ( 2 )  ( f i g .  4 ) .  

, M ine ra l  Assemblages and Metamorphic Grade 

The minera l  assemblages o f  the  ve ins prov ides an upper temperature l i m i t  f o r  

m ine ra l i za t i on .  The presence o f  p y r i t e  w i t h  arsenopyr i  t e  es tab l i shes  an upper 

temperature l i m i t  o f  491 '~  (Clark,  1960), f rom the  i n v a r i e n t  p o i n t  p y r r h o t i t e  + 

p y r i t e  + arsenopyr i te  + a member o f  t h e  orp iment- realgar  s o l i d  s o l u t i o n  series 

A d d i t i o n a l  , a1 though uncer ta in,  c o n s t r a i n t s  on the  temperature o f  hydrothermal 

ve in  format ion are suggested by t h e  reg iona l  metamorphic grade o f  t h e  sedimentary 

sequence. Al though metamorphic grade i n  the  Valdez Group v a r i e s  somewhat, the rocks  

exposed w i t h i n  t h e  Hope-Sunr i s e  d i s t r i c t  have been metamorphosed t o  ve ry  low-grade 

greenschis t  f ac ies .  T h e i r  metamorphic grade i s  es tab l i shed  by t h e  pervas ive  

presence o f  tri -octahedral  s e p t a c h l o r i  t e  (Deer and others, 1971). Low-grade 

greenschi s t  f ac i  es metamorphism occurs between 300' and 4 2 5 O ~  (Wi n k l  er ,  1936; 

Miyashi ro,  1973).  We b e l i e v e  t h a t  t h e  e a r l y  metamorphic segregat ion quartz ve ins  

were probably dcposi t e d  a t  these temperatures. However, p r e l i m i n a r y  f l u i d  i n c l u s i o n  

f i 11 i ng temperatures suggest t h a t  t h e  m i  n e r a l  i zed qua r t z  ve i  ns were deposi ted a t  

s i g n i f i c a n t l y  lower temperatures. 

F l u i d  I n c l u s i o n  Temperatures 

F l u i d  i n c l u s i o n  f i l l i n g  temperatures are a v a i l a b l e  f r o m  o n l y  two samples, one 

f rom a m ine ra l i zed  quar tz  vein, and one f rom a c a l c i t e  v e i n  o c c u r r i n g  w i t h i n  a 

m ine ra l i zed  d i k e  ( t a b l e  1 ) .  



Table 1.--Preliminary f lu id  inclusion f i l  ling temperatures for  mineral- 
ized quar tz  and ca lc i te  veins of the Hope-Sunrise d i s t r i c t  

VEIN FILLING TEMPERATURE STANDARD 
TYPE (MEAN "C) DEVIATION - --- 
QUARTZ 

GROUP A I53 2.3 

GROUP B 

The qua r t z  contains very small, liquid-rich inclusions with variably sized gas 

bubbles. Homogenization took place in the liquid phase, and f i l l i n g  temperatures 

vary from 168 to 21g0c, averaging 191°c. No daughter minerals were observed, 

suggesting a t  most moderate sa l in i ty .  In general, s a l i n i t i e s  of f lu id  inclusions in 

epithermal ore deposits similar t o  those a t  Hope are less than 2 weight percent 

(Nash, 1972). Vugs, open spaces, and cormon drusy quartz c rys ta l s  l ining cavi t ies  

in mineralized veins a t t e s t  to the i r  shallow depth o f  emplacement, hence no pressure 

corrections fo r  the f luid inclusion f i l l i n g  temperatures were made. 

The f lu id  inclusions in the ca lc i te  sample are also small. F i l l ing  

temperatures range from 1000 to 155OC, and appear to f a l l  into two groups, one from 

100' t o  136O~, and another from 150' to 1 ~ 5 ~ ~ .  These limited data suggest that  

late-stage ca lc i te  may have precipitated during two stages, a t  somewhat different  

temperatures. The gas bubbles are small, occupying one eighth t o  one tenth of t h e  

inclusion volume. No daughter minerals were observed in the ca l c i t e  f lu id  

inclusions. 



I STABLE ISOTOPE RESULTS 

Four quartz ve in  samples were chosen f o r  a preliminary s t ab l e  isotope 

evaluation. These samples include three  mineralized veins ( including the sample 

upon which the f l u id  inclusion f i l l i n g  temperatures were determined) and one 

metamorphic segregation vein ( t a b l e  2 ) .  The 6D of f l u i d  inclusion waters o f  the 

th ree  mineralized ,quartz veins averages -106+6 - per mil,  which i s  about the same 

value as modern neteoric water in t h i s  area (-110 per mil; Taylor, 1974).  These 

data strongly suggest t h a t  t h e  source o f  the hydrothermal f l u i d  was 

dominantly meteoric water. Assuming t h a t  meteoric water was t he  source o f  the ore 

f l u i d ,  and using the meteoric water equation, 6D = 86180 + 10 (Craig, 1961), the 

or ig inal  6180 of the water i s  calculated t o  be -14.5 per mil. 

Table 2 . - -S tab le  isotope data f o r  hydrothermal and metamorphic 
segr,egation q u a r t z  from the Hope-Sunrise d i s t r i c t  

STABLE ISOTOPE DATA 
( VEIN QUARTZ ) 

,\ 'W o.o/ co h D % o  
SAMPLE -- ORIGIN -- (QLARTZ ) (FLUID INCLUSION - -- 

2 *  HYDROTHERMAL t17.I - 101 

3 HYDROTHERMAL +I66 - 1 1  7 

4 METAMORPIIIC 
SEGREGM ION + 19.3 - 

The average 6180 of the three  mineralized quartz samples i s  +16.6+0.3 - per mil 

(standard e r r o r ) .  Ut i l i z ing  the quartz-water f rac t iona t ion  re1 at ionship of Bott i  nga 

and Javoy (1973) and t he  average f l u id  inclusion f i l l i n g  temperature o f  191°c, we 

ca lcu la te  tha t  main s tage  q u a r t z  was i n  equilibrium with an aqueous f l u i d  whose 6180 

was +1.3 per mil. Water with an or ig inal  6180 of -14.5 per mil could a t t a i n  a 6180 



of +1.3 per mi1 by isotopic exchange w i t h  the s i l i c a t e  minerals o f  the sedimentary 

and metamorphic host rocks a t  elevated temperatures. 

Thermal waters o f  meteoric origin usually undergo an oxygen s h i f t  of a few per 

mil toward higher 6180 from exchange with "heavier" oxygen in t h e i r  host rocks 

(Taylor, 1974; White, 1974) .  Shifts o f  as large as t16.8 per mil have been 

documented for  such f luids  in epithermal vein deposits hosted by sedimentary and 

low-grade metamorphic rocks in central Nevada (O'Neil and  Silberman, 1974) .  The 

s h i f t  in 6180 in our samples is  about +16 per mil, and i s  within the range o f  the 

s h i f t  identified in the Nevada deposits hosted by wall rocks  similar to  those a t  

Hope. No isotopic data presently e x i s t s  f o r  the  host rocks in the Hope-Sunrise 

d i s t r i c t ,  b u t  low-grade metamorphic rocks of t h i s  composition are usually in the 

range of +8 t o  +18 per m i  1 (Taylor, 1974; 0 'Ne i 1, 1979). In order t o  undergo an 

oxygen sh i f t  of approximately 16 per mil from exchange with the wall rocks, the 

water t o  rock rat io  must have been very small (O'Neil and Silberman, 1974). The 

f a c t  that  so much isotopic exchange i s  inferr-dd t o  have taken place between the 

water and the host rocks implies t h a t  other ccmponents- o f  the mineralized veins, 

such as the metals, sulfur and carbon, may ha\/e- originated in the wall rocks. 

Additional geochemical and isotopic analyses are necessary to confirm t h i s  

suggestion. 

No bD analyses from f luid inclusions are available for the metamorphic 

segregation quartz. The  6180 of the metamorphic segregation quartz has a s l igh t ly  

heavier value than the mineralized quartz (t?,ble 2 ) .  Based on an assumed lower 

greenschist  facies  metamorphic temperature of 3 5 0 ~ ~  and the quartz-water 

fractionation relationship o f  Bottinga and Javoy (1973), we calculate that  the 

metamorphic segregation quartz was in isotopic equilibrium with water o f  6180 of +11 

per mil. This f lu id  appears to be richer in 180 than the ore f lu id ,  and i s  within 

the oxygen isotopic composition range identified with water  of rneta~norphic 



origin,+5 t o  +25,per m i l  (Tay lo r ,  1974). The f l u i d s  i n  e q u i l i b r i u m  w i t h  metamorphic 

q u a r t z  thus,appear  t o  be o f  d i f f e r e n t  oxygen i s o t o p i c  compos i t ion  f r om those  i n  

e q u i l i b r i u m  w i t h  t he  m ine ra l i zed  quar tz .  However, a d d i t i o n a l  data, p r i n c i p a l l y s ~  

analyses of i n c l u s i o n s  waters of t h e  metamorphic q u a r t z  have t o  be ob ta i ned  t o  

c o n f i r m  o r i g i n  o f  these f l u i d s  suggested by our  i n t e r p r e t a t i o n .  

S u l f u r  I s o t o p e  Resu l t s  

The p r e l i m i n a r y  r e s u l t s  o f  s u l f u r  i so tope  analyses were ob ta i ned  f r om two 

samples ( t a b l e  3 ) .  The a rsenopy r i t e  o f  sample 1 occurs i n  a  m i n e r a l i z e d  q u a r t z  

Table 3. - -Sul fur  i so tope  data f o r  two s u l f i d e  m i n e r a l s  f r om the 
Hope-Sunrise d i s t r i c t  

SULFUR ISOTOPE DATA 

Sampl e  M ine ra l  O r i g i n  6 3 4 ~  pe r  m i  1  

1 Arsenopyr i te  Hydrothermal -0.14 
q u a r t z  v e i n  

Pyr i t e  D i  ssemi nated i n  t7.69 
rneta-si l t s t o n e  

vein,  whereas the  p y r i t e  o f  sample 2 occurs i n  s i l t s t o n e  ad jacent  t o  metamorphic 

segrega t ion  q u a r t z  sample no. 4 ( t a b l e  2 ) .  S ince t h e  a v a i l a b l e  s u l f u r  i so tope  da ta  

i s  so r e s t r i c t e d  and o n l y  i n d i v i d u a l  m ine ra l  r a t h e r  than  t o t a l  s u l f u r  da ta  a re  

a v a i l a b l e  (Rye and Ohmoto, 1974). Conclusions concern ing t h e  genesis  o f  t h e  

m i n e r a l i z a t i o n  are obv ious l y  ve ry  specu la t i ve .  However, we be1 i e v e  some d i scuss ion  

i s  - warrented. 



The pyrite sample has a 6 3 4 ~  sirni 1 ar t o  t h a t  derived from ocean water sulfates ,  
I 

(Rye and Ohmoto, 1974) perhaps by diagenetic or metamorphic reduction. The  
. . 

arsenopyrite sample has a 6 3 4 ~  value of close to zero, which would normally be 

interpreted as igneous sulfur.  However, we suggest that  kinetic e f fec ts  on sulfur  

isotope fractionation may better expl ai n the difference in 6 3 4 ~  between metamorphi c 

and mineralized vein sulfides.  If the sulfur was diffusing out of t h e  wall rocks, 

along with other components of the ore, as we suggest on the basis of our 

interpretation of the oxygen and deuterium data, then preferenti a1 enrichment o f  the 

l i g h t  sulfur isotope, 3 2 ~ ,  may have occurred 1 1  the mineralized sample. Our d a t a  

suggest than an enrichment of 8 per mil between the wall rock and vein sulf ide must 

have occurred. A1 though fractionation of 3 2 ~  between & r i t e  and arsenopyrite i s  not 

klnown, i t  i s  unlikely that  i t  i s  t h i s  large a t  200'~ (Friedman and O'Neil, 1977, 

f i g .  46).  Enrichment o f  14 per mil in 3 2 ~  was documented in the East T i n t i c  

d i s t r i c t ,  U t a h ,  where diffusion control led the dis t r ibut ion o f  sulfides adjacent to-  

lode deposits (Jensen, 1967) during mineralization. 

POTASSIUM-ARGObi AGES 

Potassi um-argon ages were obtained from two hydrothermal ly  a1 tered and 

mineralized dikes. Muscovite, separated from an alkal i  granite dike cut by thin 

mineralized quartz veins gave a K-Ar age of 53.2+1.6 - m.y. (sample 1, table  4 ) .  A 

whole rock sample of an intensely a1 tered dike recrystall ized to  an assemblage of 

muscovite, quar tz ,  carbonate, chlor i te  and a lb i t e  gave an age o f  52.7+1.6 - m.y. 

(sample 2, table 4 ) .  The l a t t e r  dike i s  strongly brecciated, cut by mineralized 

quartz-carbonate veins and contains disseminated arsenopyrite (Mitchell, 1979).  

From these data we infer that  hydrothermal a1 t e ra t i  on and mineralization occurred 

during ea r l i e s t  Eocene t i m e .  



Table 4 . - - P o t a s s i  urn-argon ages f o r  two hydrothermal l y  a1 te red  and 
m i  nera l  i z c d  d ike s  o f  the'  Hope-Sunrise d i s t r i c t  

SAMPLE LITHOLOGY MINERAL ORIGIN AGE (rn.y.1 

I ALKALI GRANITE MUSCOVITE HYDROTHERMAL 53.2 5 1.6 
DIKE ALTERATION 

2 ALKALI GBANITE WHOLE ROCK HYDROTHEilMAL 52.7 +, 1.6 
DIKE ( ? )  ALTERATION 

- 

DI SCUSS ION 

Gold lode m i n e r a l i z a t i o n  occurred, a t  l e a s t  l o c a l l y ,  i n  t h e  Valdez Group 

sedimentary rocks dur ing  e a r l y  Eocene time. The au r i f e rous  veins formed froin f l u i d s  

o f  dominantly meteor ic  o r i g i n ,  and were l o c a l i z e d  by s teep ly  d ipp ing  west-northwest 

and no r th  t rend ing  j o i n t  and f a u l t  systems. These s t r u c t u r e s  genera l l y  c ross-cu t  

t he  reg iona l  cleavage t h a t  developed dur ing  pe! le t rat ive deformation o f  t h e  

sedimentary pr ism as i t  was accreted t o  the Nor th  American cont inent .  Acc re t i on  

probably was accomplished dur ing Late Cretaceol~s t o  E a r l y  T e r t i a r y  t ime (MacKevett 

and P la fker ,  1974; Byrne, 1978). Small p lu tons  i n t ruded  the  sedimentary pr ism 

between 60 and 43 m.y. ago (Hudson and others, 1979). These i n t r u s i o n s  are p a r t  of 

the  Sanak-Baranoff be l t  o f  p l u t o n i c  rocks, and are be l ieved t o  be o f ' a n a t e c t i c  

o r i g i n  (Hudson and others, 1979). The p lu tons  are undeformed, and must have been . 

i n t ruded  a f t e r  accret ion.  I n  the Kenai Peninsula, potassium-argon ages o f  these 

p l u t o n i c  rocks range f rom 59 t o  55 m.y. B.P. (Tysdal and Case, 1979). G r a n i t i c  

dikes, s i m i l a r  t o  the ones t h a t  were hydro thermal ly  a l t e r e d  i n  the  Hope-Sunrise 

d i s t r i c t  occur throughout t he  Kenai Peninsula, and are probably t h e  same age and 

o r i g i n  as the  plutons. Thermal e f f e c t s  o f  the accre t ion  process probab ly  led t o  

high-grade metamorphism and p a r t i a l  m e l t i n g  o f  t he  lower p a r t s  o f  t he  acc re t i ona ry  

p r i s m  a f t e r  i t  was jo ined to  the cont inent  (Hudson and others, 1979). We suggest 



that  lower grade metamorphism occurred in the upper par ts  of the prism generating 

the greenschi s t  f aci  es mi neral assembl age and t h e  cl  eavage local i zed metamorphic 

segregation quartz. During date stages of t h e  thermal evolution of t h e  area, 

temperatures waned, and the structures that  cut regional cleavage opened a f t e r  

s t ress ,  caused by accretionary vergence of t6e terrane was released, perhaps during 

regional upl i f t .  This allowed access of meteoric water, which formed small 

hydrothermal circul ation cell  s. The meteor ic-water-domi nated f lu id  dissolved 

s i l i c a ,  carbon, sulfur ,  and metals from the unstable volcanic component in t h e  

sedimentary prism and deposited them as auriferous lodes i n  the open structures.  

Thus, hydrothermal mineralization occurred 1 ate in the accretionary his tory of the 

Valdez Group sedimentary sequence, as a r,esul t of metamorphic-hydrothermal processes 

whose la te r  stages  were dominated by the influx of m e t e o r i c  water. 

An unanswered question in t h i s  proposed node1 i s  why the f lu ids  generated by 

prograde metamorphism shortly a f te r  accretion did not resul t  in solution o f  ore 

components from the volcanic material deeper in the prism and the i r  deposition in 

quartz veins localized along regional cleavage in the shallower, lower grade zones 

of the greenschist facies meta-sediments - a process which Henley and others (1976)  

propose for  lode deposits i n  the  Otago area c f  New Zeal and .  The cleavage localized 

quartz in t h e  Kenai peninsula i s  notably barrm. I t  may be that  a declining 

temperature regime was necessary, and that  open structures were required, and these 

may not have been present to  the required extent until post-accretionary up l i f t  was 

taking place. 
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