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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  D I A N A  L A K E S  A R E A  

W E S T E R N  T A L K E E T N A  M O U N T A I N S ,  A L A S K A  

Robert E. Anderson 

A B S T R A C T  

High ly  f rac tu red  g r a n o d i o r i t e  and greenstone w i t h  some l a t e r  vo lcan ic  and r e l a t e d  
rocks l i e  along the  western edge o f  the  Talkeetna Mountains between I r o n  Creek and 
Sheep River ,  west o f  Rainbow Lake. 

The g ranod io r i t e  forms a d iscordant  northwest-trending stock which i n t e r r u p t s  the  
general nor theast  s t r u c t u r a l  t rend o f  the Talkeetna Mountains. 

Results from geochemical sampling o f  stream sediments and rock  exposures were pu t  
i n t o  the  U n i v e r s i t y  o f  Alaska 's  IBM 360 computer f o r  s t a t i s t i c a l  ca l cu la t i ons .  
Trend sur face analyses through the  f i f t h  degree from the rock  sample data were drawn. 
Comparison o f  the stream sediment samples w i t h  the  rock sample t rend  surfaces and 
t h e i r  res idua ls  i n d i c a t e  poss ib le  hydrothermal m i n e r a l i z a t i o n  a t  depth i n  several 
loca t ions .  These are  viewed as poss ib le  t a r g e t  areas f o r  f u t u r e  ore  minera l  explor-  
a t ion .  

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

An area loca ted on the  western edge o f  the  Talkeetna Mountains between Sheep R iver  
on the  southwest and I r o n  Creek on the  nor theast ,  c a l l e d  the Diana Lakes area, was 
selected f o r  geologic  and geochemical i n v e s t i g a t i o n  as a cont inuat ion  of a p r o j e c t  
t o  examine t h e  i r o n  s ta ined areas i n  t he  Talkeetna Mountains repor ted by Rose (1965). 
I r o n  s t a i n i n g  o r  capping has been i n d i c a t i v e  o f  a number o f  hydrothermal and porphyry 
minera l  deposi ts  i n  the  western Uni ted States. Another encouraging feature fo r  possi -  
b l e  m ine ra l i za t i on  came from a study o f  a e r i a l  photos o f  the  area which i nd i ca ted  sev- 
e r a l  major f a u l t s  near the  i r o n  s ta ined sect ions. The southeast s i d e  o f  the  mapped 
area ( f i g  1 )  l i e s  about seven m i les  north-northwest o f  a known area of copper minera l -  
i z a t i o n  along I r o n  Creek. 

Before the  work of Rose ( i n  1965 and 1967), very little geologic work had been done in 
the  western Talkeetna Mountains. The e a r l i e s t  geologic  map o f  the area was done by 
S. R. Capps i n  1919 ( p 187-205). That map i s  very general ized and on a scale of 1 t o  
500,000. I n  1925 some o f  the prospects i n  the  Talkeetna Mountains were v i s i t e d  and a 
b r i e f  r e p o r t  accompanied by sketches o f  the p rope r t i es  were submitted t o  the  Alaska 
Ra i l road (Townsend, 1925). A more complete r e p o r t  b u t  s t i l l  q u i t e  general was made by 
Capps i n  1940. The geologic  map i n  t h a t  r e p o r t  i s  on a 1:250,000 scale.  There has 
been no o ther  geologic  mapping on a broad sca le  s ince Capps' 1940 repo r t .  Grantz 
(1960 A & B) i nves t i ga ted  t h e  southeastern corner o f  the  Ta l  keetna Mountains quadrangle 
p u t t i n g  ou t  two geologic  maps on a 1 :48,000 scale. 

The Diana Lakes area has been h i g h l y  f rac tu red  and f a u l t e d  and there  a re  numerous 25 t o  
75 f o o t  scarps making good rock  exposures above 2500 f e e t  e leva t ion .  Stream sediment 
sampling was d i f f i c u l t  below t h e  2500 foo t  l e v e l  because o f  heavy growth o f  a lde r  and 
w i l l o w  brush. 



The Divis ion of Mines and Geology f i e l d  pa r ty  was i n  the Diana Lakes a r ea  f o r  a 
t o t a l  of 26 days from J u l y  11 t o  August 26, 1968. 

The writer was a s s i s t e d  by Gardner F. G i l l e s p i e ,  111, who c o l l e c t e d  t h e  s t ream 
sediment samples and a s s i s t e d  i n  c o l l e c t i n g  rock samples. Access t o  t h e  a r ea  was 
by f l o a t  plane. Don Sheldon of Talkeetna Air Se rv i ce  worked ou t  t h e  t r a n s p o r t a t i o n  
and suppor t  problems. 

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

A highly f r a c t u r e d  a r ea  of p r i n c i p a l l y  greenstone and i n t r u s i v e  rock l i e s  between 
I ron  Creek and Sheep River ( f i g  1 ) .  E a r l i e r  geo logic  maps (Capps, 1940 and Dutro 
and Payne, 1957),  show a l l  but  t h e  sou theas t  s i d e  of  t h i s  a r ea  a s  p a r t  of  a b a t h o l i t h  
t rending  NE through t h e  Talkeetna Mountains. The presen t  work shows t h a t  p a r t  of what 
was previously mapped a s  a g r a n i t i c  b a t h o l i t h  is i n  f a c t  greenstone with minor t h i n  
interbedded meta-argi 11 i t e  and pyrocl a s t i c  rocks.  The i n t r u s i v e  forms a d i s co rdan t  
s t ock  t rending  NW. I t  is probably s e p a r a t e  from t h e  concordant NE t rending  g r a n i t i c  
b a t h o l i t h  shown by Capp (1940) f o r  t h e  Talkeetna a r ea .  Emplacement of t h e  s tock  
r e s u l t e d  i n  doming of  t h e  overlying lavas  and a s soc i a t ed  s i l ls  which near ly  e rased  
t h e  general  NE s t r u c t u r a l  t rend  of t h e  Talkeetna Mountains. During o r  fol lowing em- 
placement of t h e  s t o c k ,  f a u l t i n g  occurred which placed t h e  country rock i n t o  i s o l a t e d  
con tac t  with t h e  i n t r u s i v e  rocks.  Magmatic s top ing  may have been t h e  mechanism f o r  
the f r a c t u r i n g  and i s o l a t i o n  of  l a r g e  blocks of country rock i n  t h e  i n t r u s i v e .  Meta- 
morphism of t h e  country rock t o  greenstone probably occurred during emplacement of t h e  
s tock .  The greenstone is gene ra l l y  blocky, showing l i t t l e  s h i s t o s i t y  o r  bedding, i .  e . ,  
a ho rn fe l s ,  and i n  p laces  grading i n t o  an andes i t e  g ranofe l  o r  a gabbro granofe l .  The 
most r ecen t  magmatic rocks i n  t h e  a r e a  a r e  r h y o l i t e  vo lcan ic  f lows and seve ra l  r h y o l i t e  
d ikes .  Associated with the volcanic  a c t i v i t y  is a tu f faceous  sandstone.  

Glac ia l  advances covered t h e  a rea  during middle t o  l a t e  P l e i s tocene  (Coul te r  and o t h e r s ,  
1965). Much of t h e  sou theas t  por t ion  of t he  mapped a r ea  ( f i g  1 )  is rounded and 
smoothed with numerous g l a c i a l  iy- t ranspor ted  boulders  appearing i n  t h e  tundra.  In much 
of t h e  a r ea  north of  Rusty Creek ( f i g  1 ) numerous s ca rps  and sha rp  r i dges  i n d i c a t e  post-  
g l a c i a l  movement along the northwest and east-west  t rending  f a u l t  zones. 

STRUCTURAL GEOLOGY 

Fau l t s  

Two major f a u l t  d i r e c t i o n s  a r e  apparent  i n  t h e  mapped a rea .  Steeply-dipping , near ly  
east-west  t rending  f a u l t s  and f r a c t u r e s  appear from a e r i a l  photographic s tudy  t o  be 
r e s t r i c t e d  t o  t h e  a rea  around t h e  i n t r u s i v e  s tock  and appear t o  have been caused by 
t h e  s tock  emplacement. Dips range from v e r t i c a l  t o  55's; no north d ip s  were found. 
The o t h e r  prominent f a u l t s  of  t h e  a r e a  t r end  northwest w i t h  nea r ly  v e r t i c a l  d ip s  ranging 
from 80°SW t o  75ONE. A t  many p laces  d ip s  on t h e  northwest t rending  f a u l t s  were impos- 
s i b l e  t o  measure. 

S t ruc tu re s  t rending  northwest a r e  of a more reg iona l  na tu re  than t h e  east-west  f a u l t s .  
Northwest t rending  s t r u c t u r e s  a r e  apparent  on a e r i a l  photographs and on topographic 
maps i n  many p laces  throughout t h e  c e n t r a l  t o  southwestern p a r t  of t h e  Talkeetna Moun- 
t a i n s  quadrangle.  The no r theas t  t rending  regional  s t r u c t u r e  s o  apparent  along t h e  
upper Tal keetna River (Anderson, 1969) was almost o b l i t e r a t e d  by t h e  s tock  emplacement 
i n  a1 1 but t h e  sou theas t  por t ion  of  t h e  mapped a r ea  ( f i g  1 ) . The greens tone-gran i te  
con tac t  i n  the sou theas t  s i d e  of t h e  map ( f i g  1 )  fol lows t h e  reg iona l  no r theas t  t r end .  
One f a u l t  and an a s soc i a t ed  r h y o l i t e  d i k e  sou theas t  of Diana Lakes may a l s o  reflect t h e  
no r theas t  reg iona l  t r end .  



lntense faulting and fracturing parallels both the northwest and the east-west 
structural trends. Only the major fau l t s  are plotted on the map ( f ig  1) .  

Joints 

A study of jointing in the area shows that  most of the joints measured are steeply 
dipping with no particular directional trend indicated. Rock exposures along the 
perimeter of the mapped area ( f ig  1)  are infrequent, b u t  jointing in the exposures 
observed tend to  outline the doming effect  of the stock emplacement. 

PETROLOGY 

No age dating on any of the rocks in th i s  area was done. Ages tentatively assigned 
to the various formations are arrived a t  b.y the inference that similar rock types 
correlate with the dated rocks in the southeast part of the Talkeetna Mountains quad- 
rangle (Grantz, 1960). 

To aid the petrologic discussion, various rock samples were studied in thin section 
by polarizing microscope and selected samples were analyzed by x-ray diffraction for  
major minerals by the Division of Mines and Geology Laboratory, College, Alaska. 

Metamorphic Rocks 

Greenstone (g)  -- Greenstone is the principal metamorphic rock in the mapped area. 
The greenstone in th i s  area i s  tentatively placed in the Talkeetna formation of lower 
Jurassic age. The greenstone varies from an orthoandesite granofel which shows good 
flow structure i n  a few places and i s  porphyritic or porphyroblastic in many places, 
t o  an orthodiori t e  granofel . I n  most places metamorphism of the volcanic and near- 
surface intrusive andesite and d ior i te  i s  low order. In a few places, interbedded 
w i t h  the granofels, are thin outcrops of rock showing phyl l i t ic  texture. 

In thin section the orthodiorite shows abundant plagioclase feldspar,  moderate to  
abundant green hornblende (tremol i t e ? )  , moderate to  abundant epidote, moderate chlo- 
r i t e ,  and moderate to  minor quartz. Accessory pyrite was noted in several places in 
the f ie ld  and accessory sphene was observed in thin section. In thin section the 
orthoandesite shows abundant feldspar, probably plagioclase b u t  d i f f i cu l t  to  deter- 
mine due to  metamorphism, moderate to  abundant green hornblende (tremoli te?)  , moderate 
chlor i te ,  and moderate epidote. Quartz i s  a minor constituent of the orthoandesi t e .  
Accessory pyrite was noted. In places pyrite i s  surrounded by accessory hematite. In 
the northwest section of the mapped area hematite veinlets were also observed. 

In a number of places interbedded with the greenstone, b u t  not shown on the map (f ig  I ) ,  
are thin beds of s l ight ly  metamorphosed arkose and  pyroclastic rocks. Neither the 
arkose or the pyroclastic rocks contain any optically apparent pyrite or other sulf ide 
minerals. 

Intrusive Rocks 

Granodiorite (gd) -- The intrusive stock ranges from quartz monzonite, through grano- 
d ior i te  to  quartz dior i te .  No contacts or d is t inc t  changes were observed, so the rocks 
are considered a l l  part of a single intrusive stock and are referred to  as granodiorite 
in the text and on the map ( f ig  1).  In age, the stock may be related to the Tal keetna 
Mountains batholith, placing i t  between lower and middle Jurassic in age. However, the 
author feels  that  the stock is s l ight ly  younger than the batholith since the stock breaks 
u p  the general N E  s tructural and stratigraphic trend probably caused by emplacement of 
the bath01 i t h .  



In t h i n  section a sample of quartz monzonite from the vicinity of the Diana Lakes 
contains in decreasing abundance; plagioclase showing a lb i t e  and Carlsbad twinning; 
abundant to  moderate amounts of quartz; moderate green hornblende showing good 
cleavage and strong pleochroism; moderate epidote and chlori te ;  moderate to minor 
orthoclase(?) ; accessory apat i te ;  sphene; and pyrite,  

Quartz d ior i te  in thin section from samples taken near the center of the mapped area, 
( f ig  1 ) contains i n  decreasing abundance; plagioclase showing excel lent a lb i t e  and 
Carlsbad twinning in addition t o  normal zoning ; anhedral quartz; strongly pleochroi c 
green hornblende, in places showing brown al terat ion rims; augi t e ( ? )  showing moderate 
r e l i e f ,  and f a in t  green color, strongly pleochroic, brown b io t i te ;  and abundant acces- 
sory pyrite,  altered in places to  hematite. 

In several places greenstone inclusions were noted in the granodiorite rocks. A t  most 
places they are  only a few inches across, and in a few places they are a foot or over 
in longest dimension. One very large dike-shaped inclusion of greenstone i s  shown in 
the northwest portion of the map (f ig  1) .  

Volcanic and Related Rocks 

Rhyolite(?) ( rh)  -- The volcanic rocks and dike rocks observed are porphyritic rhyolite,  
possibly middle t o  upper Tertiary i n  age. The dikes are generally a drab, medium dark, 
grayish brown, while the lavas are tan and frequently iron stained, particularly along 
Rusty Creek ( f ig  1) .  Due to  the f ine grained nature of these rocks, t h i n  section min- 
eral identification was d i f f i cu l t .  Many of the phenocrysts were identified as plagio- 
clase crystals.  One point that was noted in a l l  of the samples collected i s  the con- 
spicuous shortage of mafic minerals. Examination of the rhyolite by x-ray diffraction 
showed the following minerals l i s ted  in decreasing order of abundance; quartz; feldspar 
( in  some places feldspar was s l ight ly  more abundant than quartz);  muscovite; and chlo- 
r i t e .  In the f i e ld ,  accessory pyrite up  t o  10% was noted in places along Rusty Creek 
which accounts for  the prominent iron staining. Pyrite in such abundance i s  not normal 
in rhyolite and may be of epigenetic origin. 

Tuffaceous Sandstone ( t s )  -- Tuffaceous sandstone is an irregular bed confined to  the 
central eastern part of the mapped area ( f i g  1 ) .  The tuffaceous sandstone shows mostly 
quartz, minor feldspar, and se rc i t e  in a quartz matrix giving the appearance of a sub- 
graywacke. In some places toward the greenstone contact ( f ig  1) limonite staining which 
resul ts  from weathering of amphibole and b io t i te  i s  apparent. In other places toward 
the granite contacts, the amphiboles and b io t i te  are n o t  weathered and form as much as 
1% of the rock. Some quartz has been recrystallized. 

G E O C H E M I C A L  I N V E S T I G A T I O N S  

The results of the stream sediment sample analyses were p u t  into a computer to  tabulate 
the data and to  calculate the s t a t i s t i c a l  characteristics.  The program for  th i s  was 
written by L. E .  Heiner, Mining Engineer, Mineral Industry Research Laboratory, Univer- 
s i t y  of Alaska. Rock sample values were p u t  into the computer on a program to calculate 
trend surface analyses. The IBM 360 Model 40 computer a t  the University of Alaska per- 
formed the computations. To compare stream sediment geochemical resul ts  with rock 
sample geochemical resu l t s ,  threshold and anomalous stream sediment values were plotted 
on the f i f t h  degree trend surface analysis maps computed from the rock sample values. 
A1 1 samples were given numbers in the f i e ld  and no changes were made for  the maps or 
the computer programs. 



STREAM SEDIMENT SAMPLES 

Stream sediment samples were c o l l e c t e d  from a l l  f lowing creeks i n  the  mapped area 
( f i g  1). The samples were d r i e d  i n  t he  College Laboratory o f  the  D i v i s i o n  o f  Mines 
and Geology, then forwarded t o  the  U. S. Geological Survey F i e l d  Laboratory i n  
Anchorage t o  be analyzed fo r  t h i r t y  elements by semiquant i ta t i ve  spectrographic 
methods. Only twenty-three elements were detected and the  r e s u l t s  are shown i n  
Appendix 1. I n t e r v a l s  o f  est imate and de tec t i on  l i m i t  f o r  t h i s  method o f  analys is  
are shown i n  Appendix 2. El iminated from Appendix 1, which shows the computer ca l -  
c u l a t i o n  r e s u l t s  of threshold and anomalous values, a re  s i l v e r  (Ag) , t i t an ium ( T i ) ,  
and be ry l l i um (Be), because not  enough o f  t h e  samples showed these elements t o  be of 
s t a t i s t i c a l  s i gn i f i cance .  For the  remaining twenty elements the  mean and the standard 
dev ia t i on  were calculated.  From these measures o f  c e n t r a l  tendency, the  threshold 
value, o r  upper l i m i t  o f  normal background f l u c t u a t i o n ,  and anomalous values were 
determined f o r  each element. The computer a lso  p l o t t e d  a histogram o f  frequency 
d i s t r i b u t i o n  f o r  copper (Appendix 3).  

The threshold and anomalous values f o r  each element were computed by methods described 
i n  Hawkes and Webb (1962, p 30) .  The threshold value i s  taken as the  mean p lus  tw ice  
the  standard dev ia t ion ;  anomalous values are taken as the mean p lus  th ree  standard 
deviat ions.  These values are meaningful f o r  a normal d i s t r i b u t i o n ,  the  f u r t h e r  t he  
data departs from normalcy the l ess  r e l i a b l e  are the  computed threshold and anomalous 
value. Appendix 1 , f o r  stream sediment samples, shows the ca lcu la ted  average, standard 
dev ia t ion ,  threshold,  and anomalous values f o r  each element detected. * 

The concentrat ion o f  an element i n  a g iven sample i s  e i t h e r  i n  t he  background range, 
between the threshold value and anomalous value, o r  g rea ter  than the  anomalous value. 
Samples are  considered poss ib ly  anomalous i f  the  concentrat ion i s  between the th resho ld  
value and the anomalous value and probably anomalous i f  the concentrat ion o f  an element 
i s  above the  anomalous value. A l i s t i n g  o f  a l l  poss ib le  and probable anomalous values 
i s  shown on Table 1. Locat ions o f  a l l  samples taken are shown on the map ( f i g  1) .  
Stream sediment samples conta in ing probable anomalous amounts o f  copper, lead, z inc ,  
n i cke l ,  chromium, coba l t ,  and molybdenum are ind ica ted ,  and samples which have two o r  
more of t he  above l i s t e d  elements i n  poss ib le  anomalous concentrat ions are  a l so  i n d i -  
cated. 

Discussion o f  Major Elements 

Copper -- The average copper content o f  50 ppm (Appendix 1) i s  i n  t he  range of what 
would normal ly be expected from s o i l  samples (Hawkes & Webb, p 365).  The average of 
50 ppm i s  s l i g h t l y  below another sec t i on  o f  the Talkeetna Mountains, (Rose, 1967), 
where, by d iscount ing two very h igh  copper anomalies, the  average copper content  i s  
80 pprn. I n  t he  Diana Lakes area t h e  h ighest  concentrat ion o f  copper l i e s  i n  the nor th -  
west p a r t  ( f i g  1 ) .  The samples were taken near the  p o i n t  o f  convergence of th ree  fau l t s .  
Bedrock i n  the  v i c i n i t y  o f  the  samples i s  greenstone, which i n  t h i s  v i c i n i t y  i s  h igher  
i n  quar tz  content  than most o f  t he  other  greenstone observed. 

Lead -- The lead average o f  22 ppm (Appendix 1) i s  about what would be expected from 
s o i l  samples (Hawkes 81 Webb, p 367) and i s  w e l l  above the lead average o f  7.57 ppm i n  
another sec t i on  of the  Talkeetna Mountains (Rose, 1967). There are  no probable lead 
anomalies, b u t  n ine  samples are  above threshold and are considered poss ib ly  anomalous. 
Most o f  t he  poss ib l y  anomalous samples come from the  Rusty Creek drainage ( f i g  1). 
Bedrock crossed by t h i s  drainage i s  g ranod io r i t e  and r h y o l i t e .  The r h y o l i t e  i n  places 
shows abundant accessory p y r i t e .  



Manganese -- Two manganese anomalies occur w i t h  h igh  lead, z inc ,  molybdenum, and 
o ther  elements i n  sample numbers 81 and 82 ( t a b l e  1) .  

Z inc -- The z i n c  average o f  52 ppm (Appendix 1)  i s  below the average o f  93 ppm ob- 
t a ined  i n  another s e c t i o n  o f  t he  Talkeetna Mountains (Rose, 1967). It i s  about 
average f o r  s o i l  samples as de f ined  by Hawkes and Webb ( p  376). Threshold samples 
76, 78, 82, and anomalous sample 81, are from the  Rusty Creek drainage and a re  
apparent ly  associated w i t h  lead  occurrences. 

Molybdenum -- The molybdenum average o f  6 ppm (Appendix 1 )  i s  w e l l  above the  average 
o f  2  pprn from another sec t i on  o f  t he  Ta l  keetna Mountains (Rose, 1967). The average 
of 2  ppm i s  a l s o  what would be expected from normal s o i l s  (Hawkes & Webb, p 369). 
The s i n g l e  probable molybdenum anomaly, sample 70, occurs on Rusty Creek, upstream 
from the  lead  and z i n c  concentrat ions ( f i g  1) and i s  no t  associated w i t h  any o ther  
th resho ld  o r  anomalous meta l  concent ra t ion  ( f i g  2) .  O f  the  th resho ld  molybdenum 
samples, numbers 38 and 73 are no t  associated w i t h  o ther  meta7s, number 50 i s  asso- 
c i a t e d  w i t h  th resho ld  copper and th resho ld  lead; numbers 81 and 82 are associated w i t h  
lead  and z inc  along Rusty Creek. 

N i cke l  -- The n i c k e l  average of 25 ppm (Appendix 1 )  i s  j u s t  s l i g h t l y  lower than the  
average o f  33 ppm obta ined i n  t h e  o ther  sec t i on  o f  t h e  Ta l  keetna Mountains (Rose, 1967) 
and w e l l  below what would be expected from streams c u t t i n g  greenstone (Hawkes & Webb, 
p 371). Only two samples l i e  above th resho ld  va lue (Appendix 1 )  and both o f  these are 
probable anomalous samples 31 and 61. Both o f  these samples are associated w i t h  anom- 
alous chromium. Sample 31 i s  a l s o  associated w i t h  th resho ld  copper i n  the  northwest 
sec t i on  o f  t he  mapped area ( f i g  1 ) .  Sample 61 i s  on Gard Creek which dra ins  t h e  lowest  
of Diana Lakes. 

Chromium -- The chromium ana lys is  average o f  56 ppm (Appendix 1) i s  f a r  below what 
would normal ly  be expected. S o i l  sample average i s  g iven  a t  200 ppm (Hawkes & Webb, 
p 363). Three anomalous chromium samples are  recorded (Appendix 1 ) .  Sample 31 i s  
associated w i t h  th resho ld  n i c k e l ,  coba l t ,  and copper; sample 32 i s  associated w i t h  
above th resho ld  copper and coba l t ;  and sample 61 i s  associated w i t h  above th resho ld  
n i cke l .  

Cobal t  -- The c o b a l t  average o f  75 ppm (Appendix 1) i s  s l i g h t l y  above the  average 
g iven  f o r  c o b a l t  s o i l  samples (Hawkes & Webb, p 363). Samples 31 and 32 are anomalous 
(Appendix 1)  and are associated w i t h  above th resho ld  values o f  copper and chromium 
( t a b l e  2).  Sample 82 i s  a th resho ld  reading and i s  associated w i t h  th resho ld  lead, 
molybdenum, and z inc .  

Discussion o f  Trace Element Associat ions 

Geochemical minera l  associat ions a r e  s p e c i f i c  f o r  some rock types, bo th  sedimentary 
and igneous, and f o r  most hydrothermal s u l f i d e  ores. A t  the  sur face,  supergene m o b i l i t y  
of t he  e x i s t i n g  elements i s  dependent on the  minera ls  i n  which they occur and the  
cond i t ions  of weathering (Andrews-Jones , 1968, p 5 ) .  Consequently, stream ~ e d i m e n t  
samples are  a r e s u l t  of both weathering and t h e  o r i g i n a l  rock  element associat ions.  

Table 2 shows the  poss ib le  and probable anomalous occurrence o f  element assoc ia t ions  
from the  stream sediment samples. A few o f  the  assoc ia t ions  may r e f l e c t  t h e i r  o r i g i n .  
The base meta ls  i n  sediment samples 31, 32, and 61 are  assoc ia t ions  which are  found i n  
e i t h e r  a hydrothermal s u l f i d e  o re  o r  i n  some u l t r ama f i c  rocks. The assoc ia t ions  of 
molybdenum w i t h  lead, copper and/or z i n c  i n  samples 50, 81 , and 82 r e f l e c t  hydrothermal 
s u l f i d e  m i n e r a l i z a t i o n  (Andrews-Jones, 1968, p 7 ) .  



TABLE 1 

Threshold and Anomalous Stream Sediment Samples 

Chemical 
Symbol 

* 

Chemical Symbol n o t  under l ined = Poss ib le  Anomalous Value 

Chemical Symbol under1 i ned = Probable Anomalous Value 

Element 

S i l v e r  
Boron 
Bar i  urn 
Bery l  1 i urn 
Cal cium 
Cobal t  
Chromi um 
Copper 
I r o n  
Lanthanum 
Magnesi urn 
Molybdenum 
Manganese 
Niobium 
N icke l  
Lead 
Scandi urn 
S t r o n t i  urn 
T i tan ium 
Vanadi urn 
Y t t r i  um 
Z inc  
Z i  r con i  urn 

Sampl e 
No. 

23 - 
24 - 
2 5 - 
3 1 - 
3 2 - 
3 3 - 
35 - 
3 8 - 
4 1 - 
4 3 - 
44 - 
4 5 - 
47 - 
48 - 
49 - 
5 0 - 
51 - 
5 4 - 
5 5 - 
5 6 - 
6 0 - 
6 1 - 
6 5 - 
6 6 - 
69 - 
70 - 
72 - 
7 3 - 
7 5 - 
76 - 
77 - 
78 - 
79 - 
81 - 
82 - 
84 - 
85 - 
89 - 

E l  ements 

Fe, Sc, V 
Co, Q, Cu, Fe, Mg, N-i-, Sc, Sr, V - 
Co, C r ,  Cu, Mg - - -  
Cu, Mg, Sr - 
By Mo 
B 
S r 
Fe, Mg, Mn, Sr, V 
Z n 
Fe, Zn 
Ba, Fe 
Nb 
Ba, Cu, La, Mo, Pb 
B a 
Ba, Cu, Fe 
Nb 
Z n 
Mg, S r  
C r ,  u, Sc, V,& - 
B 

Mo 
Pb 
Pb, Zn 
B. Pb 
~ e ,  L a ,  Mn, 1, Zn 
Fe, Sc 
La, @, Mo, Pb, Y ,  - 
Ba, Co, Fe, MJ, Mo, Pb, Sc, 1, Zn 



ROCK SAMPLES 

Rock grab samples taken throughout the area are shown on f igure  1. Samples were taken 
of every rock type and 75 samples were analyzed by quant i ta t ive  atomic absorption by 
the  Division of Mines and Geology laboratory for  gold, copper, lead,  and zinc (Appendix 
4 ) .  The geochemical data were programmed through the University of Alaska IBM computer 
as described previously to  calculate and plot  trend surfaces through the f i f t h  degree. 
The f i r s t  four degrees of each element are  shown i n  f igures 3 through 6 in great ly  re- 
duced scale  t o  allow the reader t o  see  the development of the f i f t h  degree trend sur- 
faces in f igures 7 through 10. 

Table 2 shows the average gold, copper, lead,  and zinc concentrations i n  each of the 
generalized rock types in the area and comparisons with the average concentrations t ha t  
would be expected from these rock types as described by Hawkes & Webb (p 359-367). 

Discussion of Metal Analyses 

Copper -- The average copper found in both granodiorite and rhyol i te  in t h i s  area i s  
about average for  f e l s i c  rocks according to Hawkes and Webb (1965, p 364). The highest 
copper sample in  the granodiorite (no. 119) shows 173 ppm. The highest copper sample 
i n  the rhyol i te  (6-3) shows 80 ppm. Most of the high copper values l i e  in the green- 
stone. The greenstone has a very wide range o f  copper occurrences from a low of 3 pprn 
t o  a high of 240 ppm. The average copper content in the greenstone i s  j u s t  a l i t t l e  
over one-half of the average fo r  mafic rocks, according t o  Hawkes and Webb (1965, p 364). 
Fifth degree trend surface analysis ( f i g  7) shows the highest background i n  the north- 
west portion of the mapped area. 

Lead - -  The average lead content for  the area i s  s l i gh t l y  below average for  both mafic 
and f e l s i c  rocks (Hawkes & Webb, 1965, p 367) with granodiorite (sample 138) carrying 
the  highest content of 242 ppm. The lead content in the rhyol i te  rocks i s  only one-third 
of normal lead occurrence i n  f e l s i c  rocks. Fifth degree trend surface analysis ( f i g  8 )  
shows the highest background on the west s ide  of the mapped area trending in a northwest- 
southeast direction.  

Zinc -- Granodiorite and rhyol i te  are  about average in zinc content fo r  f e l s i c  rocks 
while the greenstone is less  than one half the normal avera e fo r  mafic rocks (Hawkes 
& Webb, 1965, p 376). Fifth degree trend surface analysis f ig  9) shows the highest 
background i n  the southern portion of the mapped area. 

B 
Gold -- The  average for  gold i s  very roughly calculated,  using a f igure  of .004 ppm 
where gold was no t  detected s ince  the detection l imi t  i s  .008 pprn on the Division of 
Mines and Geology atomic absorption equipment. Granodiori t e  in the Diana Lakes area 
runs over twice as high in gold as would normally be expected (Hawkes & Webb, 1965, 
p 365). The average is  high because of one sample, 6-37, which contains .38 ppm gold. 
Without sample 6-37 the average would be about .013 pprn which i s  only s l i gh t l y  above 
average. Greenstone i n  the area i s  generally metamorphosed mafic volcanic rocks and 
the f igure from Hawkes and Webb (1965, p 365) tha t  i s  used here ( .035 ppm) comes from 
mafic igneous rocks. From th i s  standard, the greenstone i s  below average in gold content. 
Rhyolite in both flows and dikes,  is very s l i gh t l y  above average. Fifth degree trend 
surface analysis  ( f i g  10) shows the highest background of gold i n  the central-sastern 
portion of the mapped area. 



TABLE 2 

Comparison of Diana Lakes Rock Type Mineral Averages 
Wi th  Rock Type Mineral Averages from Hawkes and Webb 

Parts  Per Million 

Gold - Copper Lead Zinc 
Diana Hawkes Diana Hawkes ~iana-~awkes Diana Hawkes 
Lakes & Webb Lakes & Webb Lakes & Webb Lakes & Webb 

Granodiori t e  
33 samples .025 .O1 27 30 2 6 48 6 5 6 0 

Greenstone 
30 samples .020 .035 7 6 140 

Volcanic 
Flows & 
Associated 
Rocks 12 

samp 1 es ,015 .01 31 3 0 

Trend Surface Analysis 

In order to  out l ine  area trends and point t o  the best possible t a rge t  areas f o r  future  
mineral exploration the computer was cal led upon to make a s t a t i s t i c a l  analysis  of the 
geochemical data in  terms of location and concentration of the following elements. For 
trend surface analysis ,  the method of l e a s t  squares has the best general application for  
surface f i t t i n g  (Crow and others,  p 151). By u s i n g  t h i s  technique a planar surface i s  
established fo r  geochemical data such t ha t  posit ive and negative measurement from the 
surface are a t  a minimum. 

Multiple regression trend surface analyses of geochemical data have been examined i n  a 
number of the known mineral deposits in the United Sta tes  ( M .  P.  Nackowski and others ,  
p 1077) and frequently have been shown t o  out l ine  the known mineralized area as we1 l as 
point t o  petrologic contacts,  f a u l t s ,  fo lds ,  o r  indicate possible topographic re la t ion-  
ships. 



"Trend surfaces applied to geological (and geochemical ) data.. . .are 
described by arithmetic equations i n  which the geologic data represent 
the dependent variable stated as a function of two independent variables 
which establish the areal sample locations. The mathematical operations 
of trend-surface f i t t i n g  consist of finding the constants to  the ar i th-  
metic equations such that  the least-squares cr i ter ion i s  sat isf ied.  In 
f i t t i n g  a trend surface to  geochemical data, the dependent variable z ,  
represents quantity of indicator element in each sample and the independ- 
ent variables, x and y ,  represent the planar sample location coordinates. 
These equations for  l inear ,  quadratic and cubic components are  shown on 
table 3. 

"Trend surfaces classified according to  degree are  more complex as the 
number of components in the equations describing them increases.. . . . . . 
The f i r s t  degree surface i s  a plane and contains only linear terms, 
whereas the generalized second degree surfaces, which contain both quad- 
r a t i c  and linear terms, are  e i ther  positive or negative bowl-shaped para- 
boloids. Third degree surf aces include an inflection, are more complex 
and contain cubic, quadratic, and 1 inear terms". (Nackowski and others, 
1967, p 1078) 

TABLE 3 

Classification of Trend Surface Equations I l lustrat ing 
Three Components and Three Degrees 

(from Nackowski and others, 1967, p 1078, Table 2 )  

Trend Surface Dependent Linear Quadratic Cubic 
Classification Variable Component Component Component 

First degree plane surface z= A+ Bx+Cy 

Second degree paraboloid z= A+Bx+C y+ D ~ ~ + E ~ ~ + F ~ ~  

Three degree surface 

Letters A through J represent constants. 

Each increasing degree adds another inflection in the trend surface and each equation 
representing this  becomes more complex; the independent variables, x and y ,  are in- 
creased in power and new constants are  f i t  into th i s  part  of the equation which is  
simply added on t o  the lower power equations, following the pattern shown in table 3. 

Figure 2 shows the generalized trend surfaces for  the f i r s t  three degrees and variables. 



Figure 2 shows generalized trend surfaces for  the f i r s t  three degrees and variables. 
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Figure  2 

General ized t rend  surfaces f o r  th ree surfaces for  
three degrees and  other variables. ( A f t e r  Nackowski 
and others, 1967.) 

"The trend surface i t s e l f  represents the regional component or geo- 
chemical trend. This surface, or the value of any point on the 
surface represents a threshold value which i s  variable across the 
map area." ( ~ e i n e r ,  written communication, 3-25-69) 

Values which f a l l  above or below the trend surface in any degree are termed residuals. 
Each advancing trend surface degree will generally cover some of the residuals from 
the degree below i t .  

Persistent residuals through increasing trend surface degrees are considered possible 
target areas for future prospecting and n l i  neral exploration. Residuals standing we1 1 
above the fourth and f i f t h  degree trend surfaces for each o f  the four elements are 
shown i n  t he  following figures. On the f i f t h  degree trend surfaces for copper, lead, 
and zinc, in addition t o  the residuals, probable and possible stream sediment anomalous 
values are plotted. Discussion and conlparison of the resul ts  are included on the figure 
for each different element. 



REFERENCE CONTOUR = 30 PPM 

FIRST DEGREE - indicates a general t SECOND DEGREE - continues to outline 
increase in values to the northwest. the general northwest structural trend 

of the area. A high is indicated in the 
northwest section of the mapped area, 
with a low running through the south- -N- ern one th i rd and an increase to the 

I southeast. 

0 1 2 3 4Mi les  - 
APPROXIMATE SCALE 

THIRD DEGREE - st i l l  outlines the 
northwest trend, and shows the high in 
the northwest section slightly southeast 
of the second degree high. The trend 
decreases to the extreme northwest. 
Increased values are shown toward 
Sheep River. 

: Reslduols  over 
t 3 0  PPM 

FOURTH DEGREE - the highest copper 
values continue in the northwest portion. 
Fourth degree is similar in  many ways 
to th i rd degree except that the increase 
toward Sheep River declines. A t  th is  
degree the strong positive residuals are 
considered significant. 

Figure 3 

COPPER 
TREND SURFACE ANALYSES ,/ 



REFERENCE CONTOUR = 2 5  PPM 

FIRST DEGREE - indicates a general t SECOND DEGREE- shows the general 
decrease in values to the east - northeast. northwest structural trend of the area. 

Lead values form an elongated bowl. The 
longest values are toward the center of 
the mapped area. -N- 

I 

0 1 2 3 4 M 1 l e s  - 
APPROXIMATE SCALE 

THIRD DEGREE - the northwest trend 
is s t i l l  outlined. The low values run 
along the center of the mapped area in 
a northwesterly direction with increased 
lead values to the northeast and southwest. 

FOURTH DEGREE- the highest lead val- 
ues continue on the edges and outside of 
the mapped area. The residuals appear 
random in  relation to the surface trend 
and do not outline any target areas. 

Figure 4 

LEAD 
TREND SURFACE ANALYSES 



REFERENCE CONTOUR = 5 0  PPM 

FIRST DEGREE - ~ n d ~ c a t e s  a general SECOND DEGREE - shows the general 
decrease ~n values to  the northeast. northwest s t ructura l  t rend of the area. 

Z inc values decrease toward toward the 
center of o northwest d ipp~ng ' t rough '  

-N- 

O 1 2 3 4 V 1 l e s  - 
APPROXIMATE SCALE 

THIRD DEGREE- the main t rend out-  
l ines an increase f r o m  nor th  to south 
along the cent ra l  pa r t  of  the mapped 
area.  Other t rends show increases to  
t he  northwest and northeast, w i th  
decreases t o  southwest and southeast 
along the  edges of t ~ i e  mapped area. 

FOURTH DEGREE- is very  s imi lar  to  
the  t h i r d  degree. Residuals of possible 
signi f icance a re  no ted  in  the northwest 
section. 

Figure 5 

TREND SURFACE ANALYSES 



REFERENCE CONTOUR = 50 PPM 

FIRST DEGREE - indicates a general 
increase in values to the northeast. 

SECOND DEGREE- shows the general 
I northwest structural t rend which increase 

both toward Sheep River and Iron Creek. 

APPROXIMATE SCALE 

THIRD DEGREE- shows an increased 
trend to the southwest and a dome 
shaped section along the northeastern 
side of the area. 

FOURTH DEGREE- shows a marked 
change from third degree. Values decrease 
to the northeast and southwest and in- 
crease to the northwest and southeast. A 
dome wi th an interesting residual is indi- 
cated on the east side. 

Figure 6 

TREND SURFACE ANALYSES 
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F I F T H  DEGREE - the f inal degree in this t rend analysis holds to 
high copper values in the  northwest. I t  also shows a high in the 

southeast and indicates increased values along the western per i -  
meter and a low is shown across the central portion in  t he  

vicini ty of Rusty Creek. T h e  northwest structural trend 
appears to have a greater inf luence on t race copper occurr- 

ences than does the rock type. Only three strong posi- 
tive residuals occur and these are  on or near the high 

trend to the nor thwest .  The two probable and one 
of the possible stream sediment anomalies also 

occur i n  th is  area. The other two possible 
stream sediment anomalies occur in the east 

where the trend surface indicates decreased 
values. Because both the trend surface resi- 

duals and the stream sediment anomalies 

occur in  the northwest, this area is con- 
sidered the best target for future 

copper explorat ion. 

LEGEND 

5 t h  degree rock sample 
residuols - 65 ppm or more 

Greensfone @ Possible stream sediment 

copper onomaly 

Probable s t ream sediment 
copper anomaly 

APPROXIMATE SCALE 

REFERENCE CONTOUR = 50 PPM 

! 
! 

TREND SURFACE ANALYSIS 



F I F T H  DEGREE - the f inal degree in  this trend analysis i s  s l r ik ingly 
different than t h e  four th degree. Increased values are indicated on the 

Granodiorife west. Decreased values are indicated in t he  south and east. The nor th -  

occurrences than does the rock type.  The four strongest positive 

residuals are widely scattered and are not considered significant. 
Most of the possible stream sediment anomalies occur on 

. k Rusty Creek and are not associated with the trend surface 
or the  residuals. There are no probable stream sedi- 

ment anomalies. Because of the scattered nature of 
the residuals and the weak nature of the stream 

sediment anomalies, t he  area is  not considered 
a target for future lead exploration. 

1 

LEGEND 

5 t h  degree rock sample 
residuals -65 ppm or more 

Q Possible s t ream sediment 
copper anomaly 

Gr eenstone Proboble s t ream sediment 

copper anomaly 

0 
APPROXIMATE S C A L E  

TREND SURFACE ANALYSIS 







C O N C L U S I O N S  A N D  S U G G E S T I O N S  

Geochemical analyses of stream sediment samples and rock samples ind ica te  a  few t a r g e t  
areas f o r  fu tu re  metal explorat ion.  To determine t h e  s ign i f i cance  and economic poten- 
t i a l  of the  t a r g e t  areas which a r e  discussed in f igures  7 through 10, f u r t h e r  geochem- 
i c a l  o r  geophysical explorat ion i s  suggested. The trend surface  analyses point  t o  
hydrothermal mineral izat ion r e l a t ed  t o  a  general northwest s t r u c t u r a l  t rend.  

No base metal minerals o the r  than p y r i t e  were observed i n  the f i e l d .  I f  t h e  hydrothermal 
mineral izat ion developed an area of economic i n t e r e s t ,  i t  i s  l i k e l y  t o  be found a t  depth. 
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APPENDIX 3 
STREAM SEDIMENT SAMPLE 

HISTOGRAM 5 - COPPER 

FREQUENCY 23 31 15 19 ................................................................................................................................ 

1 0  11 12 13 14 15 16 17 18 19 20 

i 



Appendix 4 

Field and Map 
Sample No. 

G- 3 
6-4 
6-12 
6-22 
6-31 
6-37 
6-50 
6-74 
6-75 
G- 89 
6-94 
6-100 
6-1 11 
6-113 
6-127 a & b 
6-1 29 

2 
4 
6 
9 

12 
13 
17 
2 1 
2 3 
2 4 
3 3 
3 4 
3 6 
3 9 
4 4 
5 9 
6 0 
6 2 
6 3 
67 
70 
7 8 
83 
96 

103* 
106 
119 
128 
136 
138 
144 

Tabu1 a t ion  of Geochemical Rock Samples 
w i t h  t h e i r  Threshold and Anomalous Values 

Rock 
2LP2 

V 
Gr 
G r 
Gr 
Gr 
Gr 
G s 
G s 
Gr 
v 
Gs 
G r 
Gs 
Gr 
G s 
Gr 
Gr 
Gs 
Gs 
G s 
Gr 
Gs 
Gs 
Gr 
Gs 
v 
G s 
Gr 
Gr 
Gr 
v 
Gr 
G s  
Gs 
G s 
Gs 
Gr 
Gr 
v 
G r 
V 
v 
Gr 
Gs 
G r 
Gr 
Gs 

*Not included i n  computer ca l cu la t ions  

P Pm 
Copper Lead 

10 
20 
2 5 
18 
12 
2 5 
14 
2 0 
9 0T 
44 
17 
8 

17 
7 0 
6 0 
14 
4 4 
12 
11 
14 
18 
2 1 
14 
14 
14 
17 
3 4 
3 1 
14 
3 8 
12 
12 
14 
1 C 
45 
12 
22 
9 

13 
17 
32 
17 
7 

13 
5 

242A 
19 

Zinc 

68 
6 1 
6 5 
5 2 
48 
5 6 
9 2 
82 
6 2 
22 
85 
32 
8 2 

31 2A 
70 
5 0 
83 
55 
4 7 
5 0 
8 2 
20 
18  
2 0 
2 0 
5 2 
22 
25 
3 0 
27 

6 
10 
9 

65 
33 
53 
65 
72 
37 
73 
46 

114 
27 
76 
5 1 

172T 
32 



F i e l d  and M ~ D  Rock 
Sample No. 

148 
copper 

17 
Lead - 

12 
Zinc -- 

68 

LEGEND 

T - Threshold o r  poss ib le  anomaly as 
def ined by Hawkes and Webb 

Gs - Greenstone 
G r  - Granodior i te  
V - Volcanic 

A - Anomaly as def ined by Hawkes and 
Webb ND f o r  go ld  means less  than 8 PPB 

I S  means i n s u f f i c i e n t  sample 
PPB means pa r t s  per  b i  11 i o n  
PPM means par ts  per  m i  11 i o n  

P P ~  
Gold - 

22 

PPm Ppm 
Copper - Lead 

PPm 
Zinc - 

Average 

Standard dev ia t i on  46 

Threshold (as defined by Hawkes 
and Webb) average p lus  two 
standard devi a t i  ons 114 

Anomaly (as def ined by Hawkes 
and Webb) average p lus  th ree 
standard deviat ions 160 


