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G E O L O G Y  A N D  G E O C H E M I S T R Y  

O F  T H E  S I T H Y L E M E N K A T  L A K E  A R E A  

B E T T L E S  Q U A D R A N G L E ,  A L A S K A  

Gordon Herreid 

A B S T R A C T  

An area of 44 square miles was mapped and 140 geochemical samples were taken across 
a l inear bel t  of ultramafic intrusives extending along the eastern margin of the 
Koyukuk basin (figure 4).  

Rocks in the area include two Alpine ul tramafic intrusive be1 ts containing pyroxenite, 
peridotite,  gabbro, and diabase. One bel t  is located a t  the margin of the Koyukuk 
basin and the other is intrusive into schis t ,  f ive  miles southeast. The remainder of 
the area i s  underlain by schis t  and diabase and an intrusive granite batholith that 
extends f a r  east  of the map area. In places the granite contains almost no mafic m i n -  
e ra l s ,  b u t  has a few percent tourmaline. The peridotite i s  much chloritized and serpen- 
tinized. Only minute amounts of sulfides (pyrite and pyrrhotite) were found in the 
ul trabasi c rocks and i n  peripheral basi c rocks. 

A scattering of geochemi cal s t r e h  sediment samples were anomalous i n  nickel , contain- 
ing as much as 5000 ppm. The nearly complete lack of pyrite i n  and around the peridotite 
suggests a low sulfur content dur ing  its crystall ization, w i t h  no early liquid sulfide 
phase formed. As a resul t  the nickel content of the intrusive i s  contained in the s i l i -  
cate minerals. 

Several samples anomalous i n  t i n  were found i n  areas underlain by granite. The region 
holds promise as a t i n  province. 

I N T R O D U C T I O N  

The map area is along the southeast margin of the Koyukuk basin. The area was selected 
a t  the suggestion of W. W .  Patton of the U. S. Geological Survey because of the possi- 
b i l i t y  that  the ultramafic body a t  the north edge of Sithylemenkat Lake m i g h t  contain 
nickel. T h i s  body and similar rocks 4 1/2 miles to  the southeast are  parts of two 
Alpine ul tramafic be1 ts. These belts are  localized along thrust fau l t s  which border 
the Koyukuk basin. The west end of an extensive granite,  in places tourmaline-bearing, 
i s  also present in the map area. 

Stream sediment geochemical sampling clearly ref1 ects the underlying bedrock. Near the 
ul tramafi c bodies nickel, cobalt, chromium, and iron tend to  be high. Areas near or  
underlain by granite tend to  have scattered anomalous amounts of one or more of the 
following: t i n ,  beryllium, boron, and niobium. A moderate copper, lead, and zinc anomaly 
was found In 'one area a t  the edge of 'the Koyukuk basin. This anomaly warrants further 
geochemical sampling. The nickel and t i n  associations indicate potentials that  deserve 
regional geochemical investigations beyond the map area. 



Sithylemenkat and Tokusatatquaten Lakes provide the  on ly  easy access t o  the reg ion 
by f i x e d  wing a i r c r a f t .  The f i e l d  work was l i m i t e d  t o  the  v i c i n i t y  o f  these lakes. 
There are no inhab i tan ts ,  roads, o r  t r a l l s  i n  the  region.  F i e l d  work was done from 
June 12 through J u l y  9, 1968. Thanks are  due f o r  the  ab le  and cheer fu l  assistance 
o f  Robin Marks, who co l l ec ted  most o f  the geochemical samples. The co rd ia l  cooperation 
of the U. S. Geological Survey i n  performing analyses of t he  geochemical samples i s  
much appreci ated. 

T H E  R E L A T I O N  O F  L A N D F O R M S  T O  G E O L O G Y  

The map area l i e s  along the  northwest edge o f  the  Ruby geant ic l ine .  D i s t r i b u t i o n  o f  
highlands and lowlands i s  s i m i l a r  t o  t h a t  i n  Cretaceous t ime when t h e  sediments o f  
t he  Ruby gean t i c l i ne  were shed i n t o  the  Koyukuk geosyncline (Payne, 1955). 

Regional g l a c i a t i o n  has scooped o u t  the basin o f  Sithylemenkat Lake behind a r i d g e  o f  
r e s i s t a n t  maf ic  and u l t ramaf i c  rocks. O u t l e t  Creek* has c u t  i n t o  t h i s  r i d g e  (Out le t  
Ridge*) and i s  i n  process of d ra in ing  the lake, as i s  shown by t h e  presence of an o l d  
shore l i n e  50 f e e t  above the  lake l e v e l .  

The r i d g e  NE o f  S i  thylemenkat Lake (NE Ridge*) i s  under la in  by r e s i s t a n t  rocks, diabase 
on the  no r th  h a l f  and quartz-mica s c h i s t  t o  the  south. 

The diabase and s c h i s t  have been in t ruded by a l a rge  body of g r a n i t e  t h a t  extends f o r  
many mi les  east o f  t he  map area. The g r a n i t e  i s  l ess  r e s i s t a n t  t o  erosion than the  
diabase and s c h i s t  and there fore  forms a lowland between the  r i d g e  and Sithylemenkat 
Lake. I n  places east o f  the lake t h i s  has a cover o f  g l a c i a l  d r i f t .  I n  h ighland areas 
the  g r a n i t e  forms d i s t i n c t i v e  rounded knobs. 

The r i d g e  SE o f  Sithylemenkat Lake (3040T Ridge*) marks a r e l a t i v e l y  r e s i s t a n t  t e r r a i n  
cons is t ing  o f  greenschist,  maf ic  and u l  t ramaf ic  dikes and plugs, and greenstone. Offset 
of the southern p o r t i o n  o f  t he  r i d g e  r e f l e c t s  cross f a u l t i n g  of the  greenschist-quartz 
mica s c h i s t  contact. The no r th  end o f  the  r i d g e  runs i n t o  a broad tundra-covered slope 
probably under1 a i n  by gran i te .  

The higher e levat ions on the r i d g e  conta in th ree an t ip lana t ion  terraces. These a re  
gen t l y  i n c l i n e d  tundra- o r  rubble-covered surfaces which have bedrock outcrops along 
par ts  of t h e i r  upper and lower edges. These surfaces are produced by p luck ing  o f  bed- 
rock a t  the upper s ide  and viscous f l ow  o f  a s u r f i c i a l  l a y e r  o f  rock and i c e  down t h e  
te r race and over the scal loped lower edge-- l ike f r o s t i n g  s l i d i n g  o f f  t he  top  of a warm 
cake. The h ighest  te r race has exposed boulders up t o  several f e e t  long, whereas the  
1 ower terraces are tundra-covered. 

G L A C I A L  D E P O S I T S  

Below about 900 f e e t  e leva t ion  the slopes south and east of Sithylemenkat Lake are  
mainly covered w i t h  muskeg and on ly  a l i t t l e  f l o a t  i s  exposed. East o f  t h e  l a k e  above 
an e levat ion  o f  about 1000 f e e t  exposures o f  g l a c i a l  d r i f t  were seen. It i s  l i k e l y  tha t  
a la rge  p a r t  o f  the  lowland around the  l a k e  may conta in g l a c i a l  deposits covered by 
vegetat ion. One exposure o f  d r i f t  consists  o f  nonact ive f r o s t  polygons conta in ing angujl-ar 

*Name given f o r  use i n  t h i s  r e p o r t  



to  subangular c las t s  (mainly less than a foot across), much s i l t ,  and some 1/8 inch 
fines. Clasts are 70% mafic igneous and 30% granitic.  The lack of c lear  glacial  
features indicate a pre-Wisconsin age for  the glaciation. 

R E C E N T  I C E - P U S H  R I D G E  

A R O U N D  S I T H Y L E M E N K A T  L A K E  

Sithylemenkat Lake is bounded on a l l  sides b u t  the south by a recent ice-push ridge. 
This i s  best developed along the east s ide,  where i t  r ises  about eight fee t  above lake 
level. I t  i s  composed of granite sand (smaller than 1/2 inch) with about f ive percent 
angular dark schis t  c lasts  (1/2 - 4 inches). A t  about 50 to  100 foot intervals angular 
to  subangular granite boulders up  t o  10 fee t  long protrude from the gravel. I n  places 
there are several ridges, paralleling the lake, w i t h  the older ones successively far ther  
from the lake as shown by the amount of cover by moss and trees.  The youngest ridge, a t  
the edge of the lake, has loose sand and no moss. The older ridges may be lower or 
higher than the ridges closer to  the lake. The ridge system i s  s t i l l  forming and is a 
resu l t  of wind-driven push from the ice i n  the lake during periods when the beach gravel 
i s  not frozen. 

G E N E R A L  G E O L O G Y  

The oldest rock type in the area is schis t  which varies from black quartz-muscovite- 
graphite schis t  near the diabase on NE Ridge to  quartz-mica schis t  far ther  east .  Dia- 
base intrudes the schis t  and granite intrudes both the diabase and schis t .  W .  W .  Patton, 
J r .  , (personal conmunication) has correlated the diabase w i t h  Jurassic diabase on the 
south side of the Brooks Range. Intrusion of the granite was probably about contempora- 
neous with the upl l f t  o f  the Ruby geanticline i n  Cretaceous time. 

On 3040T Ridge greenschist is i n  contact w i t h  the schis t  and i s  cut by small diabase 
and ul tramafic plugs and dikes. These are tremoli tized and chlori tized and are sur- 
rounded by a recrystallized and tremolitized aureole i n  the greenschist. The green- 
schis t  i s  interpreted as sheared diabase intruded by diabase plugs and ultramafic dikes. 
The extensive chlorit ization and tremolitization i n  and around the ultramafic rocks is 
interpreted as due to  the action of ground water on the rocks while s t i l l  hot d u r i n g  
intrusion. 

The ridge a t  the north edge of Sithylemenkat Lake (Outlet Ridge) i s  underlain by an 
Alpine ul tramafic complex consisting of serpentinized peridoti t e ( ? )  overlain by 
pyroxeni t e ,  which is overlain i n  apparent conformity by gabbro. The u l  tramafic rocks 
are much sheared and serpentinized, particularly along the south s ide of the ridge. 
The s t raight  contact, along this side o f  the ridge, i s  probably a major high angle 
thrust fau l t .  

DESCRIPTIONS AND RELATIONSHIPS OF ROCK TYPES 

Schist 

The most common schis t  i s  l ight  brown weathering, crenulated , quartz-muscovi t e  schis t  
w i t h  layers of granular glassy quartz u p  t o  1/4 inch thick. In some areas north and 
west of 3040T Ridge the quartzose layers predominate and the rock i s  a quartzite schis t .  



In places the quartz layers are microfolded and boudined. Southeast o f  the diabqse on 
NE Mountain bedrock is graphite-rich coal-black schis t  w i t h  rounded quartz grains (2-4 mm 
diameter) and granular quartz layers. About 1 1/4 miles west of Tokusatatquaten Lake, 
this rock grades into medium gray quartz-muscovite schis t  with prominent quartz rods, 
masses, and folded layers, some much deformed. The various types of schis t  grade into 
one another and no clear cut mappable u n i t s  were recognized. 

Post- kinematic euhederal to  subhederal andalusi t e  of contact metamorphic origin was 
found near the diabase contact in the black schis t  described above and also in schis t  
near the granite about 1.2 miles west of Tokusatatquaten Lake. 

Metadiabase 

As seen from Sithylemenkat Lake, NE Ridge i s  a dark, rubble-covered plateau standing 
above lower wooded slopes broken by l ight  gray patches of granite rubble and outcrop. 
Metadiabase forms talus on the upper slopes and, near the top, rubble (alt iplanation?) 
terraces bounded by bedrock scarps. The rock i s  f ine grained, homogeneous, and non- 
fol ia ted,  with fibrous greenish black amphibole vis ible  under a hand lens. The rock i s  
composed of ac t ino l i t i c  hornblende and plagioclase grains (up to  1-2 mm long) with a 
subophitic texture. Albite and epidote are present in the groundmass along with accessory 
sphene, magnetite(?), and pyrite. I t  i s  a diabase downgraded by low-grade thermal meta- 
morphism, probably as a resul t  of intrusion of the adjacent granita. 

Evidence for  origin of the metadiabase is  conflicting. Evidence for  a flow origin i s  
the 1-2 mm grain s ize;  the amygdules and veins of prehnite-carbonate-albite-apatite; and 
the irregular aspect of the outcrops with the i r  curved layers,  bulbous cleavage blocks, 
and intermixed thin and thick layers. Evidence for an intrusive origin i s  the presence 
of euhederal andalusi t e  crystals i n  the adjacent schist .  A shallow intrusive origin 
appears the most 1 i kely . 
Occasional specks of chalcopyrite are  present i n  the diabase, b u t  no copper s ta in  was 
seen. 

On 3040T Ridge metadiabase is present around most ultramafic bodies. The rock i s  f ine  
grained (1 mm average), medium greenish gray, nonfoliated and forms coarse blocky talus 
and rubble. I t s  appearance i s  similar to  the metadiabase on N E  Ridge except fo r  being 
s l ight ly  l ighter i n  color. I t  i s  made u p  of actinolit ized or partly actinolit ized augite 
grains i n  a matrix of saussuritized plagioclase. Some augite grains contain cores of 
biot i te .  This rock is intrusive and i s  probably closely related in age and origin to  
the diabase on NE Ridge. 

Ultrabasic Rocks on 3040T Ridge 

Peridotite -- Peridotite forms dis t inct ive yellow-ochre t o  moderate reddish-brown 
weathering tors  on 3040T Ridge. No similar rock was seen in the other ultramafic areas. 
On freshly broken surfaces th i s  rock is  dark greenish gray, and has dark cleavage faces 
of olivine. I t  has a cataclast ic  texture with di amond-shaped magnesium-01 ivine grains 
(up t o  3 mm in diameter) in a sheared chlor i t ic  matrix crowded with t iny tremolite and 
olivine crystals.  There is a rude fol ia t ion b u t  no composition banding. The weathered 
outcrops have a rough surface w i t h  ye1 low-ochre 01 ivine phenocrysts standing in bas-relief 
above a reddish brown background. Joints weather out deeply and joint blocks weather t o  
rounded shapes u p  t o  three f e e t  in diameter. 

A few black-weathering cross-fiber asbestos veinlets (1/8 inch) are present, but no 
sulfides were seen. 



The original rock before al terat ion i s  believed to  have been a peridotite composed 
of olivine phenocrysts and pyroxene containing scattered t iny olivine inclusions. 
The pyroxene has subsequently been altered completely to  chlorite w i t h  shreds of 
ac t inol i te  disseminated through i t ,  but the olivine remains. This may be due t o  
temperatures generally too low to  form serpentine from the olivine,  b u t  high enough 
t o  chlor i t ize  the pyroxene. Some of the magnetite aligned parallel  t o  the fol ia t ion 
of the rock indicates that  a l terat ion was synkinematic. Alteration i s  thought t o  have 
occurred during emplacement rather than l a t e r  when the nearby granite was intruded. 

Pyroxeni t e ,  greenstone, and greenschist -- Pyroxeni t e  forms the large steep sided 
knob 0.8 mile west of the summit of 3040T. The rock i s  greenish dark gray, and 
weathers l igh t  brown to greenish gray, not as red or as deeply etched as the peridotite 
on 3040T Ridge. The pyroxenite is composed of chlor i te  containing disseminated (t0.4 mm) 
grains of Mg-olivine and tremolite, plus minor augite and pyrite. I t  i s  similar 70 the 
chloritized peridotite a t  3040T Ridge, except that  i t  lacks olivine phenocrysts. The 
rock probably originated as a sieve-structured pyroxenite with olivine inclusions in 
which the pyroxene has been selectively chlori tized and tremol i tized as a t  3040T Ridge. 
The pyroxenite appears to  grade into banded greenschist on the SE side of the knob. A 
halo of greenstone, unrecognized i n  the f i e ld ,  must l i e  between the olivine-bearing 
intrusive and the greenschist. 

Two pyroxenite dikes on the knoll 0.6 mile WNW of the sunmit of 3040T are surrounded 
by a l igh t  greenish gray greenstone, which in turn is surrounded by greenschist. The 
greenstone contains widely scattered grains of chalcopyrite. 

Simi 1 ar ly  , a halo of greenstone gradational w i t h  the greenschist i s  present adjacent 
t o  an ultramafic body 0.5 mile N30E of 3040T summit. The greenschist is f ine  grained, 
dark greenish gray, and has good planar foliation. A t  t h i s  local i ty  greenschist has 
rough lines of actinol i t e  grains in a quartz-albi t e ( ? )  matrix w i t h  occasional larger 
biotite-cored ac t inol i te  grains which have been rotated by shearing within the rock. 
Simi 1 a r  bioti te-cored grains of augi t e  (mentioned ea r l i e r )  are present i n  the di abase 
i n  a local i ty  near the top of the mountain. In some exposures f a i n t  isoclinal folding 
can be seen. The greenschist is interpreted to  be a sheared diabase. This greenschist 
grades, over a distance of 40 fee t ,  into directionless greenstone with tremolite 
porphyrobl asts  in a fine-grained , chlori te-a1 bi t e ( ?  ) matrix. The greenstone is evident 
recrystallized greenschist produced by heat from the nearby ultramafic intrusive. 

A t  the three loca l i t ies  described above greenstone halos are  present around ultramafic 
dikes intruded into greenschist. Elsewhere metadiabase, judged by i t s  subophitic textu 
to be intrusive,  surrounds the ultramafic dikes. No greenstone was recognized around 
diabase, but the two rock types are deceptively similar in appearance in the f i e ld  and 
a greenstone halo may be present around diabase also. All of the rocks have been sub- 
jected to  greenschist faci es metamorphism which has converted them t o  largely chlorite- 
tremol i te-actinol i t e  rocks. Temperatures were too  low for  the extensive formation of 
serpentine, except along the probable f a u l t  on the south s ide of Outlet Ridge. 

Outlet Ridge Ul tramafic-gabbro Igneous Complex 

The ultramafic-gabbro complex underlying Outlet Ridge is part of an extensive be l t  of 
similar rocks that  extends along the SE margin of the Koyukuk geosyncline (W. W. Patton, 
J r .  , personal communi cation). 



West of Outlet Creek ultramafic rocks form a dis t inct ive l inear ridge (Outlet Ridge) 
which r ises  abruptly from the tundra and i s  covered by f ine yellow-brown rubble of 
serpentini t e ,  pyroxeni t e ,  and partly serpentinized ul tramafic rock. The ridge has a 
peculiar ridge and swale topography indicative of 1 arge braided fau l t s  or 1 i thologi c 
variation. No composition banding was seen i n  outcrops in the area west of Outlet 
Creek. On the south s ide of the ridge the rock i s  sheared serpentinite w i t h  minor 
magnesi um-01 ivi ne [a1 tered perf doti t e ( ? ) ]  which grades into less sheared pyroxeni t e  on 
the north side of the ridge. In th is  northern area the knobs and ridges are composed 
of massive brown-weathering granular pyroxenite, whereas in the swales the ground i s  
l i t t e r ed  w i t h  green serpentine rubble. Along the south s ide shearing i s  seem i n  a 
small scale i n  the outcrops. These have greasy green slickensided serpentine shears 
bounding unsheared ovoid blocks or pillows of brown serpentine up  t o  1-2 fee t  i n  dia- 
meter. The knob and swale topography and the serpentine-encased pillows are the resul t  
of shearing on large and small scales,  respectively. 

The brown-weathering knobs on the north s ide of the ultramafic body and the unweathered 
dark rocks along Outlet Creek, as determined by several X-ray diffraction* ( X R D )  deter- 
minations, are pyroxeni t e  containing mainly augite with traces of tremol i t e ,  chlorite,  
and minor magnesium-olivine. North of the area of hydrothermal al terat ion i n  one thin 
section the rock consists mainly of equant grains of augite up t o  3 mm in diameter w i t h  
granulated borders (mortar s t ructure) .  Minor patches of magnetite and serpentine and 
a veinlet  of serpentine are also present. Only one specimen from the ent i re  body con- 
tained appreciable orthopyroxene. 

East of Outlet Creek the contact between ultramafic rock and gabbro i s  f a i r ly  well 
exposed in rubble and a few outcrops. The vegetation changes within a few fee t  across 
the contact from scattered spruce and barren rubble over the ultramafic rock to  tundra 
and thick spruce on gabbro. Serpentine f loa t  and f a i r l y  continuous bands of pyroxenite 
( X R D :  augite w i t h  a trace of tremolite) i n  the gabbro above the ul tramafic rock indicate 
that  ultramafic layers are present in the gabbro. All measured at t i tudes of the compo- 
s i t ion  layering of gabbro d i p  north. Presumably the west-trending gabbro-ultrarnafic 
rock contact dips north also. T h u s ,  the ultramafic layers are located near the base of 
the gabbro. 

The position of ultrabasic rock below and interbanded up into gabbro i s  consistent with 
the relations west of Out1 e t  Creek where serpentinized peridotite(?) under1 ies  pyroxeni t e  

Sulfides were seen in only one outcrop on Outlet Ridge (400 fee t  SE of #26). A sample 
from th is  locality ( table  2 )  has an estimated 2% pyrrhotite and assayed 0.21% N i  , the 
highest nickel analysis in the map area. 

Gabbro 

Gabbro forms wel l - t imbered or brushy rounded h i l l s  n o r t h  of the Outlet Ridge ultrabasic 
body and is bounded on t h e  nor th  by a moderately s t e e p  s l o p e  down t o  f l a t s  underlain by 
Cretaceous (?)  rocks. A prominent gabbro scarp about 150 fee t  high extends along the 
north edge of Sithylemenkat Lake for  about 0.7 mile. 

The gabbro is a medium-grained (1-3 mm) grayish green rock, mottled by l ight  greenish 
feldspars and dark gray pyroxenes. The elongation and preferred orientation of these 
minerals give the rock a rude foliation. A l l  measured at t i tudes show moderate north d ips .  

*All X-ray defractions for  t h i s  report were done by Michael Mitchell of the Alaska 
Division of Mines and Geology 



A t  the  east end o f  the scarp a t  the n o r t h  end o f  Sithylemenkat Lake t h e  rock cons is ts  
of augi t e  (N = I .  69+0.005, 2V=54") p a r t l y  a1 te red  t o  hornblende, c h l o r i t e ,  and magne- 
ti te;  and p l $ g i o c l ~ s e  (Angg~5).  A t  the  west end o f  t h i s  scarp, near the  u l t r a m a f i c  
body, the  gabbro i s  much saussu r i t i zed  and contains f e l t e d  masses of t r e m o l i t e  along 
shears. 

Sul f ides were n o t  seen i n  the gabbro and the one sample analyzed contains 0.003% 
n i c k e l  ( t a b l e  2) .  

Relat ions o f  t he  Gabbro and U l t ramaf ic  Rocks 
i n  the O u t l e t  Ridge U l t ramaf ic  Igneous Complex 

The genera l l y  l e n t i c u l a r  o u t l i n e s  o f  the  u l t r a m a f i c  body, the  probable f a u l t  along i t s  
nea r l y  s t r a i g h t  south margin, and the l e n t i c u l a r  shearing around p i l l o w s  i n d i c a t e  tec- 
t o n i c  s t r u c t u r a l  con t ro l  o f  i n t r u s i o n .  A s i n g l e  p e r i d o t i t e  d i k e  about 20 f e e t  wide 
(XRD: aug i te  w i t h  minor p lag ioc lase and a t r a c e  o f  c h l o r i t e  o r  serpent ine)  was found 
t o  c u t  gabbro (600 f e e t  E o f  #24), i n d i c a t i n g  i n t r u s i v e  igneous a c t i v i t y .  The i n t e r -  
l aye r ing  of gabbro and under ly ing u l t r a m a f i c  rock p a r a l l e l  t o  t he  contact  suggests 
g r a v i t y  s e t t l i n g  o f  maf ic  c r y s t a l s  i n  a magma chamber. This  combination o f  fea tures  
suggesting t e c t o n i c  emplacement, i n t r u s i o n ,  and c r y s t a l  s e t t l i n g  i s  cons is ten t  w i t h  the  
mechanisms suggested by Thayer (1967) f o r  the emplacement o f  A lp ine  u l  tramaf i c complexes, 
i. e. , g r a v i t y  s e t t l i n g  a t  depth w i t h  some d i ke  i n t r u s i o n  fo l lowed by t e c t o n i c  emplace- 
ment of the  whole composite body. However, the  abaundant presence of pyroxene i n  the  
u l  t ramafic rock cont ras ts  w i t h  Thayer 's d e s c r i p t i o n  o f  o l i v i n e - r i c h  u l  t ramafic rocks i n  
A1 p i  ne complexes. 

Hydrothermal A l t e r a t i o n  Zones i n  the  O u t l e t  Ridge Ul t ramaf ic  Body 

Two s i l i c i f i e d  areas are present i n  t he  u l t ramaf ic  body west of O u t l e t  Creek. The 
smal ler o f  these i s  loca ted  1500 f e e t  N35E o f  #31. It i s  a northwest-trending zone, 
measuring about 50 x 150 fee t ,  and cons i s t i ng  of l i g h t  brown t o  pa le  reddish brown- 
weathering s i l i c i f i e d  country rock w i t h  r e t i c u l a t e d  quar tz  v e i n l e t s .  There i s  weak 
gossan, and no s u l f i d e s  were seen. The l a r g e r  s i l i c i f i e d  area ( t a b l e  1) extends along 
a WNW-trending v a l l e y  which i s  the  on l y  prominent l ineament c u t t i n g  the  u l t r a m a f i c  body. 
Th i s  area has a c e n t r a l  zone o f  s i l i c i f i e d  and moderately l i m o n i t i z e d  country  rock  c u t  
by seams and masses o f  quar tz  and vuggy chalcedony v e i n l e t s  conta in ing euhederal quar tz  
c rys ta l s .  P a r t l y  surrounding the cent ra l  zone i s  a zone o f  s l  igh t ly - to -non l imon i  t i z e d  
s e r p e n t i n i t e  speckled w i t h  t iny  (1/2 mm) octahederal g ra ins  o f  magnetite. A t  the  nor th -  
west end o f  the  per iphera l  zone a smal l  pod o f  magneti te a few fee t  across i s  present 
i n  an area o f  se rpen t i n i t e .  This  i s  the  on ly  concentrat ion o f  magneti te found i n  the  
per iphera l  zone. 

Other areas o f  very minor hydrothermal a c t i v i t y  a re  i nd i ca ted  by  smal l  runs of wh i te  
quartz-dolomite f l o a t  i n  a few places i n  the  u l t r a m a f i c  area. 

These nonserpent inized qua r t z - l  imoni t e  (-do1 omi t e )  areas are the r e s u l t  o f  postserpent ine 
hydrothermal a c t i v i t y ,  which has moved quartz,  i r o n ,  chromium, and n i c k e l  i n t o  zones of 
l a t e  shearing. The absence o f  anomalous amounts o f  copper ( t a b l e  1) i s  evidence aga ins t  
the  presence o f  a n i c k e l  depos i t  a t  depth. N icke l - su l f i de  bodies tend t o  conta in  appre- 
c i a b l e  amounts o f  copper which could be expected t o  be mobi le  enough t o  produce s t rong 
anomalies i n  a hydrothermal zone. 



Age of the Ultramafic-Mafic Igneous Complex 

The presence of gabbro clasts  in Cretaceous(?) conglomerate along the north edge of 
Outlet Ridge indicates a probable pre-Cretaceous age for  the mafic-ul tramafic complex. 
Patton (personal communication, 1968) tentatively assigns a Jurassic age to this rock 
on the basis of correlation with mafic igneous rocks present along the Brooks Range, 
in particular w i t h  a mafic igneous complex having a Jurassic potassium-argon age in 
the Christian quadrangle (190 miles ENE of Sithylemenkat Lake). The complex consists 
mainly of gabbro, diabase, basalt , diori  t e ,  and also in smaller amounts: leucogabbro, 
anorthosi t e ,  pyroxenite, and perf doti t e  (Reiser and others, 1966). Chlori t izat ion and 
saussuritization are widespread i n  these rocks. They are largely intrusive. 

Dating of Alpine peridoti tes  i n  the Cascades (Ragen, 1967) indicates that  pre- syn- and 
post-kinematic ages may be present i n  G single province and that  caution i s  necessary 
i n  dating on the basis of rock type. 

I t  i s  considered that  the mafic igneous complex i n  the Christian quadrangle i s  similar 
i n  type to the similar complex in the Sithylemenkat Lake area and that  a Jurassic age 
i s  the best estimate possible a t  present. 

Granite 

Highlands underlain by granite have dis t inct ive medium l ight  gray rounded knobs. In 
lower areas the granite i s  usually covered by so i l  and vegetation. West of Tokusatatquate 
Lake rude alignments of tors ,  knobs, and bands of outcrops are probably a function of 
varying concentrations of joints.  No banding or preferred orientation of mineral grains 
i s  vis ible  i n  outcrops anywhere in the area. In places a poorly developed sheeting due 
to subhorizontal joints 1-3 f e e t  apart seems t o  roughly conform to the general topography. 
This could be exfoliation parallel t o  the surface of the granite. The contact of the 
granite w i t h  i ts wall rocks is sharp and irregular. This intrusive contact and differ- 
ences in the plunge of minor fold structures (crenulations, e tc . )  i n  the schis t  indicate 
that the granite i s  a discordant intrusive body which has deformed the country rock. 

The granite i s  mainly a medium l ight  gray-weathering l ight  gray porphyritic rock composed 
of per thi t ic  K-feldspar phenocrysts up  t o  5 cm long i n  a medium grained (1-5 mm) ground- 
mass of per thi t ic  K-feldspar, quartz, s l ight ly  saussuritized ollgoclase to  andesine 
(An1 5-37) and subhedral to  euhederal b io t i te  containing inclusions of both zircon w i t h  
pleochroic halos and magnetite. Quartz veins were seen i n  a few places. A t  #81 so i l  
above a quartz vein three fee t  wide contains 70 ppm t i n .  In two areas west of 
Tokusatatquaten Lake two clearings i n  the timber (#92, 93) w i t h  exposures of tourmaline 
granite and a l i t t l e  rose quartz in the f loa t  gave 30 and 70 ppm t i n  i n  the so i l .  Tour- 
maline was identified visually i n  several areas near the north end of the granite body. 
Inclusions are not abundant. Where present they consist of rounded mafic feldspar-bioti te 
quartz rocks and porphyritic grani t ic  dike rocks. 

Fine-grained nonporphyritic a laski te  bands up  t o  several hundred f ee t  wide are  present on 
the h i l l  slope NE of Sithylemenkat Lake. The rock is medium-grained (2-3 mm) w i t h  gran- 
i t i c  texture and is made up of anhederal quartz (20%), and orthoclase along w i t h  minor 
amounts of subhederal a lb i t e  and very minor amounts of muscovite and biot i te .  In some 
areas u p  to  a few percent tourmaline i s  present. The a lb i t e  grains have a patchy a l te r -  
ation to  limonite. 



The g r a n i t e  i s  genera l ly  covered near the contacts w i t h  the  surrounding rocks. I n  
one place i t  was seen t o  be f ine-gra ined and cu t  by dikes of porphyry gran i te ,  b u t  
i n  general i t  i s  no t  f i n e r  grained near the contact. East o f  Tokusatatquaten Lake 
1.2 mi les,  euhederal andalusi te o f  contact metamorphic o r i g i n  i s  present i n  quartz- 
s e r i c i  t e  s c h i s t  near the g r a n i t e  contact.  I n  most areas t h e  s c h i s t  i s  no t  v i s i b l y  
changed by the presence o f  nearby gran i te .  

The o r i g i n  o f  the quartz-mica s c h i s t  has i n t e r e s t i n g  reg iona l  imp l ica t ions .  I n  the  
f i e l d  and i n  t h i n  sec t ion  i t  appears t o  be a normal r e g i o n a l l y  metamorphosed rock  * 

whose i n t r u s i o n  by g r a n i t e  was an e n t i r e l y  separate event t h a t  occurred a f t e r  i t  had 
cooled. I t  i s  possible, however, t h a t  t he  metamorphism was associated i n  o r i g i n  w i t h  
the  i n t r u s i o n  o f  the g ran i te ,  so t h a t  the  metamorphism i s  merely an aureole around the  
gran i te .  Present f i e l d  and microscopic data favors two separate thermal events: 
regional  metamorphism and g r a n i t i c  i n t rus ion .  

Vein Quar tz  Gravel 

I n  the  Koyukuk f l a t s  n,orth o f  O u t l e t  Ridge, patches o f  quartz gravel  w i t h  c l a s t s  t o  
th ree inches i n  diameter and yellow-brown f i n e s  were seen i n  two low mounds and as 
s i m i l a r  pea-sized quartz f l o a t  i n  several f r o s t  b o i l s  f a r t h e r  nor th.  The quarts c l a s t s  
are  medium grained, w i t h  some c r y s t a l  faces v i s i b l e ,  have c a v i t i e s  w i t h  c r y s t a l  faces, 
s l ickensided surfaces w i t h  l i g h t  l i m o n i t e  s ta in ,  and epidote f i l l e d  shears. The gravel  
has the  appearance o f  ve in  quartz  and could poss ib ly  be the  sur face expression of a 
l a rge  quartz ve in  running p a r a l l e l  t o  the  edge o f  the basin. 

Far ther  west, along the edge o f  the basin, pebble conglomerate f l o a t  i s  present. The 
c l a s t s  are s i m i l a r  t o  those i n  the gravel  described above. Both o f  these u n i t s  seem 
most l i k e l y  t o  represent ve in  quartz  eroded during the  t ime o f  Cretaceous sedimentation 
i n  the  Koyukuk Basin from s c h i s t  l y i n g  above the  u l t ramaf i c  i n t r u s i v e .  No gabbro o r  
u l t r a b a s i c  fragments were seen i n  the gravel ,  although gabbro o r  diabase c las ts  were 
seen i n  other  conglomerate f l o a t  along the  edge o f  the basin. 

GEOLOGIC HISTORY 

1. Deposit ion o f  clayey and carbonaceous f i n e  grained sediments (Devonian?). 

2. Deformation and reg iona l  metamorphism o f  sediments t o  form quartz-muscovite s c h i s t  
and g r a p h i t i c  sch is t .  

3. Thrust ing along the  edge o f  the  Koyukuk Basin and i n t r u s i o n  o f  diabase o f  3040T 
Ridge. Jurass ic (?) .  

4. Shearing o f  t h i s  diabase by continued t h r u s t i n g  transforming i t  t o  greenschist. 
Jurass ic (?) .  

5. I n t r u s i o n  o f  maf ic -u l t ramaf ic  igneous complexes as l a rge  masses conta in ing d i f f e r e n t  
ty es o f  igneous rocks: (1) diabase, pyroxenite, and p e r i d o t i t e  on 3040T Ridge; 
(2y gabbro, pyroxenite, and p e r i d o t i t e  a t  O u t l e t  Ridge. U p l i f t ,  wlth gabbro c l a s t s  
deposited i n  Koyukuk Basin conglomerate. P a r t i a l  a1 t e r a t i o n  of mafic and u l  tramafic 
rocks t o  c h l o r i t e ,  t remol i te ,  a c t i n o l i t e ,  se rpen t in i t e ,  and saussur i te  dur ing 
i n t rus ion .  Jurassic(?) .  

6. Shallow i n t r u s i o n  o r  ex t rus ion  of diabase o f  NE Ridge. Jurass ic (?) .  



7.  Intrusion of granite accompanied by upl i f t  and deformation of the schis t  country 
rock. Major sedimentation i n  Koyukuk Basin a t  this time (Cretaceous). 

8. Regional glaciation, possibly in Il l inoian time. Sithylemenkat Lake basin 
scooped out and the glacial  drift east  of the lake deposited. 

9. Recession of the regional glacier and f i l l i n g  of Sithylemenkat Lake. 

10. Lowering of Sithylemenkat Lake by cutting down of Outlet Creek. 

TECTONICS 

I t  i s  postulated here that  during Jurassic(?)  time steep t h r u s t  fau l t s  bordering what 
was to  become the Koyukuk geosyncline were active for  a considerable period. These 
tapped deep zones and mafic and ultramafic magmas were intruded and to  varying extents 
affected by tectonic movements. Tectonic emplacement of the mafic-ultramafic complex 
a t  Outlet Ridge is suggested by the internal shearing on a l l  scales,  particularly in the 
serpentinized peridot i te(?)  along the nearly s t raight  south margin. T h i s  margin is 
interpreted as a major f au l t  separating the serpentinite from the diabase(?). On 3040T 
Ridge the mafic and ultramafic bodies have been intruded as magma into greenschist 
considered to be a sheared early member o f  the mafic series.  Thus i n  the northern be l t ,  
tectonism followed intrusion and i n  the southern bel t  intrusion followed tectonism. 
Recurrent thrusting has tectonized a1 1 b u t  the youngest intrusives. The sediments 
mapped in the basin are of Cretaceous age, so th is  faulting may have been connected 
w i t h  the i n i t i a l  s i n k i n g  of the basin and up l i f t  of the Ruby geanticline (Payne, 1955). 

The mafic and ultramafic rocks are of regional extent and indicate the regional extent 
of the steep thrust faulting along the margins of the Koyukuk geosyncline. Patton 
(verbal communication) has found similar rocks for  a great distance along the southeast 
margin of the Koyukuk geosyncline. Similar mafic rocks of Jurassic(?) age w i t h  associated 
serpentinite bodies have been mapped by Patton and Miller (1966) along the north edge of 
the Koyukuk geosyncline. 

The intrusion of the granite was an apparently separate event, l a t e r  than the thrusting 
and mafic activity.  I t  was probably synchronous with up l i f t  of the basin margin in 
Cretaceous time. 

GEOCHEMISTRY 

The analyses of stream sediment samples ( table  3 and figure 2 )  and the few so i l  samples 
taken in the map area re f lec t  sharp differences i n  composition between sediments derived 
from granite and those from ultramafic rock. Both of these are  different from the 
sediments of the ancient land surface i n  the lowland immediately north of Outlet Ridge. 

U l  tramafic Association 
(nickel, chromium, cobalt, iron) 

T h i s  association is best shown i n  the creeks peripheral t o  the ultrabasics of Outlet 
Ridge. Here stream sediment samples mostly contain the following: 

Nickel equal to  or greater than 200 ppm 
Iron equal to  or greater than 5% 
Cobalt equal to  or greater than 50 ppm 
Chromi um equal t o  or greater than 200 ppm 
(samples considered: 7 ,  9, 11, 14, 15, 19, 25 t h r u  31) 
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Figure 2 
Frequency - concentration graphs for lead, copper and zinc 

in geochemical samples from the Sithylemenkat Lake map area 



Of these, only sample 7 contains an anomalous amount of copper and that may be 
related to the old land surface rather than the ultrabasic rock. 

Similar anomalies at stations 32, 123, and 124 indicate ultrabasic rocks in their 
respective drainages. The moderate cobalt-chromium anomaly at station 48 may indi- 
cate unmapped ultrabasic rocks in that drainage. 

The anomalies in samples 54 and 57 reflect the ultrabasic rocks on 3040T Ridge. 

The lack of any consistent copper anomalies associated with ultrabasic rocks in the 
map area is a fairly good indication that significant nickel-sulfide deposits are not 
present. 

Granitic Association 
(tin, boron, beryllium, niobium, 
strontium, lead, silver, bismuth) 

Areas underlain by granite or near granite contain many stream sediment samples with 
30 ppm tin or more, plus anomalous amounts of one or more of the other elements of 
this association. At station 93 anomalous amounts of all the elements listed above, 
including 70 ppm tin, are present in light brown residual soil containing less than 
one percent vein quartz and underlain by nonporphyritic granite. This area and numerous 
other local areas underlain by granite represent a slight concentration of late stage 
elements of pegmati tic affiliation. 

An unmapped body of granite is probably located in the drainage of sample 44. 

Low1 and Assemblage 

The creeks immediately north of the Outlet Ridge ultrabasic, along the edge of the 
Koyukuk Basin, contain both ul trabasic and granitic assemblage anomal ies plus copper, 
lead, zinc, calcium, titanium, and barium anomalies. The calcium, titanium, and 
barium are normally concentrated in areas of accumulating sediments and are not of 
significance for ore deposits in this area. The copper, lead, and zinc anomalies may 
be related mineralization detected by sample 10 (see below). 

Geochemical Sample #lo* 

U.S.G.S. (0.02) (220) (60) (60) 7.0 70.0 5.0 1000 100 700 700 2000 2000 1000 

* Samples in parentheses analyzed by atomic absorption, all others by emission spectro- 
meter 

**Atomic absorption analyses by Namok Cho,. Alaska Division of Mines and Geology 
Emission spectrometer analyses by Michael Mitchell, Alaska Division of Mines and 
Geo7 ogy 

Sample #10 is very high in several elements. It contains not only the copper-lead-zinc- 
gold-si lver and the tin-boron-beryllium-bismuth assemblages, which could occur in a 
telescoped deposit, but also the nickel-chromium-cobalt-iron assemblage associated with 
the ultramafic body. The sample is medium gray clayey mud taken from a small frost boil 
in an area of tundra cover and open spruce forest. There were a few fragments of 



serpent ine i n  t he  mud, a diabase outcrop 100 f e e t  west, and the u l t r a b a s i c  about 
500 f e e t  east. There was no s i g n  o f  m i n e r a l i z a t i o n  i n  t he  area. The sample would 
seem t o  i n d i c a t e  a telescoped t i n - s i l v e r  depos i t  which has p icked up u l t ramaf ic  
elements on the  way up through the  c r u s t  o f  the ear th.  Contamination dur ing ana lys is  
seems r u l e d  ou t  by the  e x o t i c  mix ture  of elements t h a t  a re  present. The copper and 
z inc  anomalies northwest o f  the sample suggest t h a t  i t  i s  r e a l  and bears f u r t h e r  
i nves t i ga t i on .  

Accuracy o f  Emission Spectrometer Data 

I t  can be seen i n  t a b l s  2 t h a t  many of t he  emission spectrometr ic  copper and lead 
values vary w ide ly  f r o n  the atomic absorpt ion values f o r  these metals i n  the  same 
table.  Six teen o f  t h ~ ; e  aberrant samples were analyzed i n  the Alaska D i v i s i o n  o f  
Mines and Geology l a b o ~ a t o r y  by  atomic absorpt ion. Comparison w i t h  the  U. S. Geological 
Survey atomic abso rp t i [~n  data was very close. I t  i s  concluded t h a t  many o f  t h e  h igh  
and low emission spect,*ometric values on t a b l e  2 do n o t  r e f l e c t  the  metal content of 
the  samples. However, the f a i r l y  c lose correspondence between s u i t e s  o f  anomalously 
abundant elements and types of bedrock seems t o  i n d i c a t e  t h a t  there  i s  considerable 
value t o  the  f i gu res ,  even i f  complete f a i t h  cannot be placed i n  them. 

P o s s i b i l i t i e s  f o r  Ore Deposits i n  the  Map Area 

N icke l  -- U l t rabas i c  rocks commonly conta in  0.1% t o  0.3% n i c k e l  and 80 ppm copper 
locked up i n  the s i l i c a t e  minerals.  The n i c k e l  contents o f  the  u l t r a m a f i c  rocks i n  
the  map area f a l l  w i t h i n  t h i s  range o r  below ( t a b l e  2) .  I f  s u f f i c i e n t  s u l f u r  i s  
a v a i l a b l e  dur ing  the e a r l y  stages o f  c r y s t a l l i z a t i o n  of an u l t r a m a f i c  magma, a separate 
s u l f i d e  me l t  forms and tends t o  make a concentrat ion of n i c k e l  w i t h  vary ing  amounts of 
copper. The presence o f  appreciable amounts o f  p y r i t e  i n  o r  around the u l t r a m a f i c  
would i n d i c a t e  t h a t  s u l f u r  may have been a v a i l a b l e  dur ing  c r y s t a l l i z a t i o n  f o r  the 
format ion o f  n i c k e l  s u l f i d e  ore. Only very minor amounts o f  p y r i t e  were found i n  the  
map area. 

Geochemical stream sediment anomalies f o r  n i c k e l  are u s u a l l y  present near u l t ramaf ic  
bodies. N icke l  s u l f i d e  ore  i s  i nd i ca ted  where anomalous amounts o f  copper a re  associated 
w i t h  the  n i cke l .  The se rpen t i n i za t i on  and hydrothermal a c t i v i t y  i n  t he  u l t r a m a f i c  area 
would be expected t o  mob i l i ze  both n i c k e l  ( f rom e i t h e r  the s i l i c a t e s  o r  any s u l f i d e  
bodies) and copper ( from s u l f i d e  bodies).  The l ack  o f  s i g n i f i c a n t  copper anomalies i n ,  
o r  marginal t o ,  the s e r p e n t i n i t e  o r  hydrothermal zones i s  a f a i r l y  good i n d i c a t i o n  t h a t  
nickel-copper s u l f i d e  o re  bodies are  no t  present i n  the  map area. The in format ion fo r  
t h i s  ana lys is  o f  the cond i t ions  necessary f o r  n i c k e l  s u l f i d e  deposits was taken from 
Chamberlain (1968). 

If appreciable amounts o f  s u l f u r  a re  present i n  the  country rocks f a r t h e r  along t h i s  
u l t ramaf ic  b e l t  t o  t he  NE o r  SW, n i c k e l  s u l f i d e  deposits a r e  l i k e l y  t o  occur. A 
geochemical stream sediment survey along t h i s  be1 t i s  h i g h l y  recommended. 

T i n  and Bery l l ium -- The g r a n i t e  and a number o f  stream sediments i n  g r a n i t e  areas a re  
anomalously h igh  i n  t i n  and bery l l ium.  Nine such stream sediment and s o i l  samples con- 
t a i n  30 ppm o r  more t i n .  Ten samples from f r e s h  g r a n i t e  ( t a b l e  3 )  conta in  an average 
of 32 ppm t i n  w i t h  a standard dev ia t i on  o f  12 ppm. The wor ld  average content o f  t i n  i n  
g r a n i t e  i s  3 ppm (Taylor ,  1964). Beus (1969) has compiled analyses of g ran i tes  from 
several d i s t r i c t s  i n  Russia which conta in t i n  deposits.  N i n e t y - f i v e  percent o f  t he  
samples contained 15+4 ppm t i n .  I n t r u s i v e s  averaging 20 ppm o r  more t i n  ( w i t h  a minimum 
of 10 samples taken)-have a t  l e a s t  16 chances i n  100 o f  conta in ing  an ore  body. 



Beus also considers that granites favorable for  t i n  are favorable for  beryllium 
and several other rare  metals as well. Two samples of the granite contain 8 and 
16 pprn beryllium. The world average of beryl 1 ium i n  granite i s  5 ppm (Taylor, 
1964). Eleven stream sediment samples taken in granite areas contain 15 ppm or 
more beryl 1 i um. 

Further stream sediment sampling for  t in  around the margin of the granite seems 
warranted. A coarse net of bedrock grantte samples taken from the ent i re  granite 
batholith east  of the map area m i g h t  outline favorable areas for more detailed 
stream sediment sampl ing. This approach would be effective for beryl 1 ium also. 

Basin margin -- The scattering of copper, lead, and zinc anomaldes along the edge 
of the Koyukuk Basin near the west end of the Outlet Creek ultramafic body may 
i ndi cate the presence of undiscovered ore and warrants further geochemical sampl ing . 



Table 1 

Samples from the O u t l e t  Ridge Hydrothermal 

Locat ion 

Central  Zone --- N i -- C r  - C u - Pb - Z n C o - S n - 

27 ( 8 ~ 1 3 0 )  (b)  0.21% 0.30% 15 ppm 26 ppm 52 ppm 150 ppm 0 ppm 

Per ipheral  zone 

Rock descr ipt ions:  

27 and A = S i  1 i c i  f i  ed-1 imoni ti zed serpent ine w i t h  chalcedony v e i n l e t s  
B = Pale o l i v e  s e r p e n t i n i t e  rubble conta in ing disseminated 1/2 mn magneti te 

octahedrons 
C = L i g h t  yellowish-brown s e r p e n t i n i t e  conta in ing  specks of magneti te 

(a) - Locat ion shown on geologic map 
(b) - Emission spectrometer ana lys is  by U. S. Geological Survey - Atomic absorpt ion analyses by Namok Cho, Alaska D i v i s i o n  of Mines and Geology 
(d  ( c l  - X-ray spectroscopic analyses by Paul Anderson, Alaska D i v i s i o n  o f  Mines and 

Geo 1 ogy 
(e) - Emission spectronieter analys is  by Michael M i t c h e l l  , Alaska D i v i s i o n  o f  Mines 

and Geology 



Table 2 

Nickel contents of nine Ultramafic Rock Samples 

Sampl e 
No. 

Nickel 
Content* 

Rock 
Type Location 

Sheared serpentinite North s ide Outlet Creek, 400 fee t  
east  of #26 

Gabbro boulders 

A1 tered peri doti t e  

A1 tered peri doti t e  

Shore Si thylemenkat Lake, north end 

Summit spire ,  3040T Ridge 

Spire 750 feet  S77OW of summit spire  
3040T Ridge 

Black serpentini t e  
1 ayer in gabbro 

1000 f t .  contour on hi 11 900 feet  
northwest of Sithylemenkat Lake 

A1 tered peridoti t e  Small knob, 700 fee t  northwest of 
west end of hydrothermal zone on 
Outlet Ridge 

A1 tered peridoti t e  
dike 60 f t .  wide 

Tor 2000 feet  north of 3040T s u m m i t  

A 1  tered pyroxeni t e  Large knob 0.8 mile west of 3040T 
Summit 

A1 tered peri doti t e  Isolated knob 7.7 mile N65"E of 3040T 
summit 

* Atomic absorpt ion analyses by Namok Cho, Alaska Division of Mines and Geology 



Table 3 

T i n  contents o f  g r a n i t e  i n  the Sithylemenkat Lake area 

F i e l d  
No. Sn pprn* 

2 2 

2 6 

3 2 

62 

34 

32 

2 4 

20 

2 6 

3 8 

Locat ion 

2200 f e e t  east  o f  #22 

2200 f e e t  east  o f  #22 

# I02  

700 f e e t  west of #87 

2600 f e e t  west o f  #94 

1300 f e e t  west o f  # I08  

1500 f e e t  west o f  # I11  

500 f e e t  nor theast  o f  # I02  

3000 f e e t  nor theast  o f  # I10  

1000 f e e t  southeast o f  #69 

Average 31.6ppm 

Standard dev ia t i on  12 ppm 

Values a re  est imated t o  be 250% 

Bery l l ium contents est imated t o  range from 5 t o  15 ppm 

*Emission spectrometer analyses by Michael M i t c h e l l ,  Alaska 
D i v i s i o n  o f  Mines and Geology 



Table 4 ATOMIC ABSORPTION AND SEMIQUANTITATIVE EMISSION SPECTROGRAPHIC 
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10.00* 
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27.00 
eo. oo 
42.00 
60.30 
50.00 
40.00 
10.00* 
10.00' 
46.00 
10.00* 

L i m i t  of determinat ion 0.05 0.02 0.05 0.001 20 0.5 10 20 1 10 

EXPLANATION 

Sample loca t ions  shown on geologic map. Stream sediment sam- 
ples were taken fmm creeks below water leve l  wherever possi-  
b le .  Samples were analyzed by t h e  U.S. Geological Survey, 
mainly i n  t h e i r  Anchorage laboratory.  To ta l  metal contents 
i n  par ts  per m i l l i o n ,  unless ind ica ted  otherwise. Values 
w i t h  as te r i sks  have been detected bu t  are below value shown. 
Values given as 0.0 are below t h e ' l i m i t  o f  determinat ion 
Atomic absorpt ion 
M i l l i l i t e r s  di th izone, co ld  ex t rac tab le  heavy metals t e s t  o f  
Hawkes (1963) 
C-2 '  = stream sediment sample taken fmm a stream two f e e t  
wide 
0-6" = s o i l  sample taken a t  a depth of f i v e  inches below sur- 
face o f  so i  1 

Map F i e l d  Sample Descr ip t ion  of Bedrock. So i l ,  Etc.  
No. Test(c)  Type(d) 

Frost  b o i l  
Quar tz  conglomerate 
Quartz sand 
Fros t  b o i l ,  quartz pebbles 
Yellow s o i l  
Serpentine, s i l i c ~ f i e d  tan "gossan" f l o a t  
Serpentine, s i l i c i f i e d  tan "gossan" f l o a t  
Swamo s i l t  near lake 
Serpentine, bedrock, creek almost d ry  
F ros t  b o i l ,  b lue  mud wlserpent ine f rag- 

ments. Bedrock probably diabase 
Brown s o i l  
Swamp clay 
Rounded ve in  quartz,  s e r p e n t i n i t e  f l o a t  
U l t r a  basic-gabbro contact  
Lake bank, f l o a t  quartz pebbles t o  2" d ia .  
F m s t  b o l l ,  f l o a t  gabbro, diabase, ve in  

c. l r i te . . . . . . . 
Brown s o i l ,  gabbro f l o a t  
F ros t  b o i l  wfdark c l w  f loa t -quar tz  

pebbles 
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Map F i e l d  Sample Descr ip t ion  of Bedmck, S o i l .  Etc.  
No. Test(c)  Type(d) 

19 0-6" Ok. gray mud, shale, sandstone. f l o a t  
20 
21 

D-5" F ros t  b o i l ,  gabbro f l o a t  
0-2" Moss under la in  by ve in  quar tz  g rave l  

22 D-6" Vein quar tz  g rave l  under 2" b lack  s o i l  
23 0-4" F ros t  b o i l  w/black s o i l ,  shale frags. 
24 1 C-15' 
25 2 c - i i a  
26 1 C-15' 
27 0-2 Limonite s o i l  on south s lope of gossan 
28 1 C-15' 
29 9 0-1 ' Swamp mud 
2% 3 0-1' Swamp mud 
30 5 0-4" Oiabase f l o a t  
31 5 C-1' Swanp mud 
32 2 0-3" F ros t  b o i l ,  b i o t i t e  d i o r i t e  f l o a t  
33 3 0-2" Dry creek, no f l o a t  
34 2 C-1' No f l o a t  
35 2 C-1' No f l o a t  
36 1 0-2" Dry creek 
37 1 0-1" Top ice-push r i d g e  
38 3 C-6" Swamp t r i c k l e .  10 ft. f m n  lake 

Map F i e l d  Sample Descr ip t ion  of Bedrock. So i l ,  Etc. 
No. Tes t l c )  Tme id )  

-. 
40 i E-6" Swampy creek 
41 3 0-2:: Inorganic s i l t ,  d ry  creek bed 
42 1 0-1 Dry creek 
43 5 0-1" Drv lake  ht tm 
44 7 C-3" 
45 1 C-1' Sump drainage 
46 1 0-2" S o i l ,  back s i d e  of ice-push r i d g e  
47 16 C-7' S i l t  frm bank of creek 
47 9 C-7' S i l t  f m n  creek f l o o r  
48 3 C-2' Sand bar  a t  mouth of creek 
4& 3 C-2' 10 ft. up creek f m n  mouth 
49 10 C-2' Swamp drainage 
50 5 C-3' Gran i te  bedrock 
51 4 C-1" 
52 4 0-2" Gran i te  bedrock 
53 12 C-3' 
54 C-6" U h i t e  fe ldspar sand and gray s i l t  
55 9 0-2" Greenschist 
56 D-4" Schist-greenstone con tac t  10% ve in  quar tz  

f l u a t  



Continued Table 4 ATDMlC ABSORPTION AND SEMIQUANTITATIVE EMISSION SPECTROGRAPHIC 
- 
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25. 00' 
25.00' 
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28.00 
90.00 
29.00 
32.00 
56.00 
30.00 
25.00' 
25.0W 
25. OO* 
25. OO* 
25.00* 

126 L-129 0.0 0.0 0.0 0.0 10.00 1.50 1.00 0.03 1000.00 0.0 30.00 50.00 7.00 0.0 
127 L-128 0.02' 120.00 25.OOu 68.00 5.00 3.00 1.00 0.15 700.00 0.0 30.00 500.00 1.50 0.0 

L i m i t  of determinat ion 0.05 0.02 0.05 0.001 20 0.5 10 20 1 10 

Map F i e l d  Sample Descr ipt ion of Bedrock. So i l .  Etc. Map F i e l d  Sample Descr ipt ion of Bedrock. So i l .  Etc. 
No. Test(c1 Type(d) No. Tes t Ic )  T y ~ e ( d )  

F loa t :  g ran i te ,  quartz mica sch is t ,  ve in  
quartz 10% 

Dry creek g ran i te .  quartz mica sch is t ,  
ve in  ouartz 

Gran i te ' f loa t  
Granite,  sch is t ,  f l o a t  
Dry creek no f l o a t  
Sample frk bank, f l o a t  g ran i te ,  5% 

s c h i s t  
Sanple from bank. g ran i te  f l o a t  

Red stained gran i te ,  sand, g ran i te  bed- 
rock 

Moderate red  stained gran i te  s o i l  

Dry &eek f loa t ,  dark hornfels,  sch is t ,  
g ran i te  

F l o a t  s r a n i t e  60%. dtabase 40% 
65 3 C-6' 81 0-2" Rubble-in place over quartz vein 
66 5 C-6" Side channel 82 2 C-3 Lake l e v e l  behind sand bar 
67 7 C-1 Meadow drainage 83 4 C-1 1/2' Lake l e v e l  behind sand bar 
68 4 C-I? Meadow drainage 84 C-2' Greenstone bedrock 
69 2 C-3 A t  lake leve l ,  behind bar 85 4 C-4' Lake leve l  behind bar 
70 2 C-10' Float:  g ran i te ,  sch is t  51 86 3 c-3' 
70s 3 0-2" Granite bedrock 87 4 C-2 112' 
71 5 C-3 Upper edge l a w e  swamp 
72 4 C - l r  

88 5 C-2 112' 

73 2 c-7 
89 3 C - 2  112' Lake l e v e l  
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Map F i e l d  Sample Descr ip t ion  o f  Bedrock. S o i l ,  Etc.  Map F i e l d  Sample Descr ip t ion  o f  Bedrock, S o i l ,  E tc .  
No. Test(c)  Typejd) No. Test(c1 T y ~ e ( d )  

Dry creek 
Dry creek 
Tourmaline r a n i t e ,  ve in  quar tz  
Grani te w l l !  ve in  Quartz 
Barren s c h i s t  
Grani te 
Gran i te  
Black mud frm sumpy creek 
SWanPY 
Swampy creek 
Sub channel 
Main creek . - . . - - - 
Grani te f l o a t  
Gran i te  f l o a t  
Grdntte f l o a t  
~ r a n i t e  f l o a t  
Gran i te  f l o a t  
Gran i te  f l o a t  
Gran i te  f l o a t  
Grani t e  f l o a t  

Muskeg 
Gran i te  f l o a t  
Gran i te  f l o a t  
F loa t :  sch is t .  o ran i te .  10% diabase . - 
s c h i s t  f l o a t  
Sch is t  f l o a t  
F loa t :  s c h i s t  85%. diabase 5%. Quartz 

g r a n i t e  5% 
SwamD~ 
~wam'bj. 
F loa t :  diabase, quartz,  g r a n i t e  
F loa t :  diabase, quartz,  sch is t ,  g r a n i t e  
Dry t r i b u t a r y  creek. F loa t :  sch is t .  

quartz,  diabase 
F loa t :  s c h i s t ,  dlabase, quar tz  
F loa t :  s c h i s t .  5% quar tz  
F l o a t  diabse. 101 quartz 
F loa t :  diabase, quartz 
NO f l o a t  
P l a t y  q u a r t z i t e  
F ros t  b o l l  



R E F E R E N C E S  C I T E D  

Beus, A .  A . ,  1969, Geochemical c r i t e r i a  f o r  assessment of the  mineral potent ia l  of 
igneous rock s e r i e s  during reconnaissance explorat ion:  In Quar t e r ly  of the  
Colorado School of Mines, vol 64, p 67-74 

Chamberlain, J .  A .  , 1968, Some geochemi ca1 f a c t o r s  i n  nickel explorat ion:  Canadian 
Mining Journal ,  Vol 89, p 54-56 

Hawkes, H .  E . ,  1963, Dithizone f i e l d  t e s t s :  Econ Geol, v 58, p 579-586 

Pat ton,  J r .  , W. W.  , Mil le r ,  T. P . ,  1966, Regional geologic map of the Hughes quad- 
rangle ,  Alaska: U .  S. Geol. Survey Misc. Geol. Inv. Map 1-459 

Payne, T .  G . 3  1955, Mesozoic and Cenozoic tec tonic  elements i n  Alaska: U .  S. Geol. 
Survey Misc. Geol. Inv. Map 1-84 

Ragen, D. M . ,  1967, The t w i n  s i s t e r s  duni te ,  Washington: i n  Ultramafic and re l a t ed  
rocks, P.  J .  Wyllie Edi tor ,  John Wiley and Sons, Inc . ,  New York, p 160-167 

Reiser ,  H.  N . ,  Lanphere, M .  A . ,  and Brosge, W. P . ,  1966, J u r a s s i c  age of a mafic 
igneous complex, Chr is t ian  Quadrangle, Alaska: U .  S .  Geol. Survey Prof Paper 
525-C, p C68-C71 

Raylor, R .  S . ,  1964, Abundance of chemical elements in  the continental  c r u s t :  A new 
t ab le :  Geochim. e t .  Cosmochim. Acta, v 28 

Thayer, T.  P . ,  1967, Chemical and s t r u c t u r a l  r e l a t i o n s  of ul t ramafic and fe ldspa th ic  
rocks i n  Alpine i n t r u s i v e  complexes: i n  Mafic and ul tramafic rocks,  P .  J .  Wyllie 
Edi tor ,  New York, John Wiley & Sons, Inc.,  p 222-239 


