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A geochemical investigation of the Chandalar C-5 and C-6 Quadrangles, 

Alaska was conducted during July and August, 1982 by the Alaska Division of 

Geological and Geophysical Surveys (DGGS) .  Locations of 1,319 stream- 

sediment and 323 pan-concentrate samples collected by student interns are 

shown on plate 1. Samples were collected in areas of both'rugged and gentle 

topography exclusive of several broad, glacial valleys. Analytical results 

for the stream-sediment and pan-concentrate samples are listed in appendices 

1 and 2 (respectively) . U n i ~ ~ a r i a t e  statistical analyses were comauted using 

the University of Alaska-Fairbanks (UAF) , Institute of Water Resources (I\%) 

Hewlett-Packard (HP) 9845-B micro-computer and are given in appendices 3 and 

4. The multivariate correlation analyses were computed using the UAF Far 

3;crth DEC VU-11/780 computer and are given in appendices 5 and 6. Plates 2 
..A .. 

and 3 are maps of anomalous sample locations and metals which can be used 

directly to conduct resource exploration. The study area lies within the 

upper Royukuk Mining district and is the site of recent exploration activity. 

Funds for this investigations were provided for the Resource Analysis Capitol 

Improvements Project. 

Previous reports concerning the regional geochemistry and geology are 

available. Stream-sediment geochemistry in the Chandalar Quadrangle is 

r e p o r t e d  in March and others, 1978a, b, c, d, and e. Selected skarn 

prospects are discussed in ?:srsb and L ? i l t s e ,  19'8 and Deyoung, 1978. Dillon 

( ' 9 8 2 )  discussed lode-. ~ n d  placer-gold deposits in the region and their 

sources .  Sro,cgd and Reiser (1964) provide a reconnaissance geologic map of 

the Chandalar Quadrangle 



SAMPLING EmODs 

Stream-sediment samples were collected near the margins of streams at 

average spacings of approximately one quarter mile (0.4 km) . These samples 

consisted of approximately one half pound (or .2  kg) of clay- to silt-size 

material. Pan-concentrate samples were collected at about every fourth 

stream-sediment sample site. These samples consisted of silt - to sand-size 
material which was sifted through a one quarter-inch ( . 6 3 5  cm) mesh screen 

and panned down to approximately one quarter pound (or .1 kg). Each sample 

was placed in an olefin bag at the sample site and was air-dried before 

shipment to the laboratory. Prepared sample data sheets (fig. 1) were used 

to record basic geologic information at each sample site. 

LABORATORY ANALYSIS 
..a .. . 

Most of the.laboratory analyses were provided .by the DGGS Assay 

Laboratory in Fairbanks. Bondar-Clegg, Ltd., Vancouver, B.C. provided all 

tin, tungsten, and mercury analyses as well as some arsenic, nickel, 

chromium, boron, and barium analyses (reported separately as As*, Ni*, Cr*, 

B*, and Ba*, respectively) . Final analyses were ,received in September, 1983. 

Analytical methods and corresponding detection limits for each element are 

summarized in table 1. Since Ni, Ni*, Cr, Cr*, Ba, Ea*, 8 ,  B*,  As, As*, V ,  

and Sr analyses are not ubiquitous for all sample locations their evaluations 

should include examination of their distributions. Distribution maps are 

s h o b ~  for the K i - K i * - C r - C r *  and RE-Ba*-5-3" stream-sediment samples (figs. 2 - 
2nd 3, respectively) and for the As-As* and Ni-Rib-Cr-Cr* pan-concentrate 

samples (figs. h and 5, respectively) . 
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Figure 2. Map showing xi-Cr- andAT:i*-Cr*-stream-sediment sample distributions 

(DGGS and Bondar-Clegg analyses, respectively). Unshaded areas contain 

sample locations with only Ki and C r  analyses. i\\\\\\ = areas containing 

sample locations with o n l y  R i *  ;cd Cr* s n a l > s e s .  / areas COT,- .  

t s i n i n g  sample locations with both Si and Ni* analyses. = areas 

containing sample locaticns with both Cr and Cr* analyses. The correla- 

tion coefficient for 135 observaticns with both Ni and Ni* analyses, 

0.9283 (appendix 5), is v e c  high and indicates a significant agreement 

between these analyses. The linear regressio?. equation for these 

observations is: ( n ' i * )  = 0.552 t 0.667 (Ri) . The correlation 

coefficient for Q F  observations ; - i th  both Cr and Cr* analyses, -0.1341 

(appendix 5 ) ,  i s e f f  e c i i v e l y  r ~ n c c = .  



~i~~~~ 3 .  M~~ showing Ba-B- and k*-B*-s t r eam-sed imen t  sample distributions 

Unshaded areas contain (DGGS and Bondar-Clegg analyses, respectively). 

= areas containing 
sample locations with only E e  and B analyses. 

samples with only Ba* and B* .* = areas containing sample 

The correlation coefficient locations with Ba, B, Ba* and B* analyses. 

for 56 o b s e A a t i o n s  w S t h  both Ba and Fa* analyses, 0.628 (appendix 5 ) ,  

is high and indicates a Significant agreement between these analyses. 

(Ra*) = 208 + 
The linear regression eauation.for these observations is: 

0.029 ( E a ) .  The ccrreletion coefficient for 56 vith both 

and B* analyses, 0.827 (appendix 5)  , is high ""d indicates ''j enif ic2nt 

agreement between these analyses. The 1 inear regression equation for 

these observaticns is: (E*) = 21.1 + 0.783 (E) 



Figure 4. Map showing As- and As* -pan-concentrate (DGGS 

and Bondar-Clegg analyses, r e s p e c t i v e l y ) .  . = approximate sample 

location with o ~ l y  an As analyses:+ = approximate sample location with 

only an As* analysis. All other sample l o c a t r c n s  (open areas) have both 

AS and p,c* analyses. The correlation coefficient for 46 observations 

with both As and As*  z n a l y s e s  , 0.8851 (appendix 6) , is v e r y  high and 

Indicates a significant a g r e e n e x t  of these analyses. The linear 

+ (AS*)  = 4.48 1 r e g r e s s . t o n  equation equation for r h e s e  o b s e r s r a t i o n s  i s :  

0 . 7 -  ( A s ) .  



Figure 5. Map shor;lng Ni-Cr- and Ki*-Cr*-pan-concentrate sample distributions 

(DGGS and Bondar-Clegg analyses, respectively). + = approximate sample 

location with o n l y  Xi* ~ n l  Cr" analyses. = approsimste sample 

locztion with both Cr and Cr* analyses. A l l  other sample l o c a t j c n s  

(open areas) have o - l v  :ii and Cr ~ c e l y s e s  



The DGGS laboratory prepared the samples for analysis by atomic- 

absorption spectrophotometry (AA) using aqua-regia digestions followed by 

alliquot extractions with a dilution factor of 1 to 10. Splits of these 

extractions were diluted again by a factor of 1 to 10 and used for analysis 

by inductively coupled plasma-emission spectrophotometry (ICY). Bondar- 

Clegg, Ltd., also used aqua-regia digestions but prepared samples for arsenic 

analyses using perchloric digestions. 

STATISTICAL ANALYSIS 

Statistical methods are very commonly employed to e - J Z ~ U L ~ ~  large amounts 

of numerical, geochemical data. These methods are used here to characterize 

the data, graph frequency distributions a n d ' a i d  in selecting anomaly 

thresholds. The Ag ana Be stream-sediment-and Au, Ag, Sb,. and Sn 

pan-concentrate samples were not statistically analyzed because they contain 

very few unqualified values. The geocheoical datas were sorted using the IBM 

Tcxtpack g iobz l  search system such that cuaiified (belor; d e t 2 c t i o n  limit) and 

duplicate analytical values Were excluded from the statistical analysis. The 

data files were then transferred by telephone modem to the HP micro-computer. 

Log transformations of the values were made to complete the graphical 

statistics. 

- 
Summerv s:atis tics for each e&ment consikt of basic and order 

statistics sections a n d , w e r e  computed w i t h  a 95 percent confidence interval 

on the mean. Sumer. ;  statistics o.f the duplicate analytical values f o r  each 

element are shown separately. The bas ' _c  statistics s ec t i o r !  s u r , c a r i z e s  the 



number of observations, number of missing values, sum, mean, variance, 

standard deviation, coefficient of skewness, coefficient of kurtosis, 

coefficient of variation, standard error of the mean and upper and lower 

limits of the 95 percent confidence interval. The order statistics section 

lists the maximum and minimum values and corresponding range. Midrange and 

median values and Tukey's hinges and middlemeans are also included in this 
* 

section. Tukey's hinges are the values of the 25-th and 75-th percentiles 

and the midspread is the range between these values (J. Tukey, 1977). 

Tukep's midnean is the mean value of the middle 50 percent of the data and 

can be compared with the regular mean value to estimate the skewness of the 

data. 

Histograms for each element are derived from both the normal and 

log-transform values (appendices"3 and 4). These are plots of the relative 

frequency percents typically for 8 to 10 intervals of values. A normal 

distribution curve  is superimposed on the histograms where enough degrees of 

freedom are available to p e r f o r n  a best fit. test. 

Cumulative frequency diagrams were obtained using the log transform 

values plotted on an arithmetic scale. The cumulated frequencies are clotted 

on the ordinate and the probabilitv is plotted on the abscissa. The 

statistics program.accumulates the frequencies from the lowest to the highest 

values so the high percentiles correspond to high values for the element. 

Initially the cumulative frequency diagrams are treated for threshold 

s e l e c t 4 c n s  using the simplified method of iepeltier, 1969. Table 2 lists the 



Table 2. Stream-sediment and pan-concentrate anomaly 
thresholds selected using the method of Lepeltier 
(1969).  The method is a statistical approach which 
establishes a threshold at the second standard devia- 
tion above the mean. Plate 2 is a map showing anoma- 
lous sample locations and metals which result from the 
application of this method. Thresholds for the Ag- and 
B-stream-sediment and Au-, Ag-, Sb- and Sn-pan-Con- 
centrate samples were arbitrarily set at or above their 
respective detection limits. Thresholds are given in 
ppm's except that for mercury which is given in ppbl s. 

Stream-sediment Pan-concentrate 
threshold threshold 

B* 
B a 
Ba* 
C d 
C T 
Cr* 
v 
S r 
Be 
S n 

W 

Hg 
A u 

- = N o t  analyzed. 



anomaly thresholds selected using this method; plate 2 is the correlative map 

of anomalous samples, locations, and metals. A single population is 

generally assumed and anomaly thresholds are selected at the second standard 

. deviation above the mean (or 97.5 percentile intercept). This is the 

statistical approach to t h r e . s h o l d  selection suggested by Hawkes and Webb, 

1962. Anomaly thresholds for the Pb-, Zn-, and Hg-pan-concentrate samples 

were selected at slightly lower percentiles which correspond to significant 

upward breaks in slopes of the frequency curves. Thresholds for the 

Sb-stream-sediment and As* -pan-concentrate samples were selected at major 

inflection points of the curves. Disadvantages of the L e p e l t i e r  method are 

t h l t  it tends to give a large number of anomalies due to the inclusion of 

background with anomalous values and does not distinguish the relative sizes 

of anomalies. 

*. 

The cumulative frequencv diagrams are also utilized for threshold 

selections following a partitioning method for polymodal distributions 

o~tlined by Sinclair ( 1 9 7 4  and 1976). Table 3 and appendices 3 and 4 list 

the anomaly thresholds, magnitudes and ranges selected using this method; 

plate 3 is the correlative map of anomalous sample locations and metals. The 

procedure here involves estimating constituent populations of a distribution 

and plotting each individual population.over the entire probability range. 

Only populations greater than about 2 .probability percent are partitioned. 

.The constituent populations are assigned value ranges which allowed a minimum 

degree of overlap. Thresholds are then selected at arbitrary percentiles 

which give a reasonable number of ; n o n ~ l i e s ,  defined the r e l a t i 1 7 e  magnitude 

of anomalies and limited the i ac lus io ; i  of background values. The Sinclair 



Table 3. Stream-sediment and pan-concentrate anomaly thresholds and ranges 

selected using the method of Sinclair. (1974 and 1976). Thresholds are 

selected at arbitrary percentiles to establish the anomalies and their 

relative magnitudes and avoid inclusion of background values. Plate 3 

is a map showing anomalous sample locations and metals which result from 

the application of this method. Types of anomalies are labeled in 

decreasing order of magnitude as in the following example: 

1) z n l  - threshold set at the 100 percentile of the highest value (A) 

population, 

2 )  zn2  - threshold setat the 81 to 98 percentile of the A population, 
3) Zn 

3, 4, etc. - lower limit set at the 90 to 98 percentile of the 
population and upper limit set at the 0 percentile of the next 

higher population. A-- 

Thresholds for the Ag- and Be-stream-sediment and Au-, 'Ag-, Sb-, and 

Sn-pan-cmcentrate  ssnple: were a r b i t r s r i l y  set at or above their 

respective detection limits; table 3 and plate 3 shows symbols for these 

types of values enclosed in parentheses. Thresholds are given in ppm's 

except that 'for mercury vhich is g i v e n  in ppb's. 



Anomaly thresholds 

- -7  C) 

Low level anomaly ranges 

1 
Zn. = 

2-2 Znl = 471,228,Zn-Zn =.=I62186 
Zn- ss 
Zn-pc 

MO- ss 
Mo-pc 

Sb- s s  
Sb-pc 

1 
A s l  = 133  

2 
A S  2= 81, As = 60 
A s *  = 107 

2 
~ i i  = 193, Ni = 154 

2 i - 112, N i  = 83 
Ni*2-= 75 

1 
N i *  = 59 

Ni-ss 
Ni-pc 
Ni*-ss 
Ni* -pc 

~ a ? ,  = 933 2 
Ra 2 =  1,220, Ba = 1,064 
Ba* = 2 , 1 8 3  



Table 3 .  (con.) 

Cr-pc 
Cr* - ss 
Cr.*-pc 

v-ss 



method is a more conservative approach but establishes more reliable 

anomalies and provides a much more detailed analysis of the distribution of 

values for an element. Low level anomalies which could have local 

. significance can also be identified. Ideally the partitioned populations 

would correlate with specific lithologies or other geologic features. A 

complete evaluation of this effect is bevond the scope of this report but 
* 

more detailed plotting would be encouraged for future studies. 

Correlation matrices for the stream-sediment and pan-concentrate datas 

(Appendices 5 and 6, respectively) are computed using the BMDP8D CORPAIR 

correlation program for incomplete date. This program computes the 

correlation coefficient between two variables only from cases where 

unqualified values for both variables are present. The linear correlation 

coefficients are shown-on the lower left half of the tables and and the 

p a i r v i s e  frequencies vith both variables present are show-n in the upper right 

half o i  the tables. The linear correlation coefficient is a unitless number 

raz,r lnp between and -1 which expresses the reiationship between any two 

variables. A direct relationship or positive correlation of the 

concentrations of two elements is indicated by a positive coefficient; an 

inverse relationship is indicated by a negative coefficient. If the 

correlation coefficient is near zero the relationship between the 

concentrations of the two elements is random. 

Considering the sample distributions and g e r e r a l l y  large ncnber of 

c b s e r ~ z t - o n s ,  sample statistics presented here could provide a reasonable 

base fc:. estimating pcpulaticr parameters. ?lezg and media:: values for DOSt 



samples are quite similar and could be taken to approximate the population 

mean. Midrange values of ten depart significantly from mean and median values 

especially where wide ranges and large standard deviations are present. 

Assessment of variance and standard deviations of the samples is difficult 

due to the polymodal distributions seen for most of the samples. 

* 
Most histograms of untransformed values of samples are positively 

skewed; the lack of skewness in histograms of log transformed values suggests 

the distributions are lognormal. P o l p o d e l  distributions are suggested by 

the double-peaked histograms of the Sb-stream-sediment 2nd As*-, Cr*-, and 

Sa-pan-concentrate samples. 

Linear segments forming the curves in most of the cumulative frequency 

diagrams indicate lognTmal distributions. However, the curved form of the 

log plot and the linear form of the normal plot of the Fe-stream-sediment 

sample indicates an arithmetic normal distribution (appendix 3). Sample 

distributions are evaluated 2nd anomaly t h r e s h ~ l d s  are selected by s p p l y i n g  

statistical 2nd arbitrary graphical methods t o  the cumulative frequency 

diagrams. Plotting of anomalies d e t e m i n e d  by a statistical (Lepe l t i e r )  

method is useful in o u t l i n i n g '  regions of anomalous and high background 

concentrations and distinctive metal associations ( p l s .  2 and 3) . These same 

geochemical regions are also merked by anomalies determined by another 

- (Sinclair) net'nod which aiso distingcisjed their associated znornal] 

m a g n i t u d e s .  

Sipr . l : i . c~n :  element correlations for the stream-sediment and pan-  

concentrate s ~ ~ p l e  Z z t z s  z r e  s u m E r L n e d  in tables 4 and 5 (respectively) 



Table 4. Significant element correlations determined from coefficients 
between element pairs for stream-sediment sample data (appendix 5). 
Correlations based on coefficients beyond critical regions established 
at a 10% risk .level. Very significant positive correlations have 
coefficients more than oneorder of magnitude beyond appropriate 
critical regions. 

Element correlations 
Very significant Significant 
positive Significant positive negative 

Ba* 

B * 
Ba*, v 

B a 

B 

Z n 

Zn, Co, Cr 

Zn, Ea 

Mo, V i ,  Pb, V 

Cu, Mo, Pb, Zn 
Ba, Ba*, Co, Fe, N i ,  

Pb, V, Zn 
Co, Cu, Fe, Mo, Ni, 

Sr, Zn, B 
Cd, Co, Cr*, Cu, !lo, 

N i ,  N i * ,  Pb, V, Zn 
Cd, Co, Cr*, Cu, Fe, 
Mn, N i ,  K i * ,  Zn 

Co, Cr, Cu, Fe, Mn, 
Ki, Zn, Ba*, B* 

Cr, Cr*, Cu, Fe, Mn, 
Ki*, V, Pb, Zn, B, 
Ba, Ba*, B*, Cd 

Fe, Ni*, V, Cd, Co 
CU, Ki, Ni*, ~ b ,  Zn, 
Ba*, 'B*, Co 

Fe, MO, Xi, Ni*, Pb, 
Sr, V ,  Zn, As, Ba, 
Ba*, B*, cd, CO, Cr* 

Mn, X i ,  N i k ,  V, Zn, 
B, Fa, B*, Cd, Cc, 
Cr, Cu 

X i ,  Hi*, Pb, Sr, V ,  Zn, 
B*, Cd, Co, Fe 

K i ,  R i * ,  Pb, S r ,  v ,  b a s ,  
Ba, Ba*, Cu 

h ' i * ,  Pb, V ,  B, Ba, 8a* ,  
B*, Cd, Cr*, Cu, Fe, 
?:D, MO 

Pb, Zn, B z * ,  E%, CO, 
Cr, Cr*, C u , - C e ,  Mn, 
'co, Ni 

\ T J  A S ,  E ?  Ra*, Co, C r *  
Ba, Cu, Mn, Mo 

3, a a * ,  Cc, Cr, Cu, Fe, 
Vc, ?lo, K l ,  ?b 

As,  3 ,  F 2 ,  B ? * ,  R * ,  C d ,  
C o ,  C r * ,  Cu, F e ,  Yn, Ff* 

Mo, Sr 

Mn, Sr 

Mo, Sr, Ba 

Mo, Ba* 

E 

3, Fa" Ex, 

Cd, Co 



Table 5. Significant element correlations determined from coefficients 
between element pairs for pan-concentrate sample data (appendix 6). 
Correlations based on coefficients beyond critical regions established at a 
10% risk level. Very significant positive correlations have coefficients 
above an arbitrary cutoff of 0.6. 

Correlation analysis 
Very significant Significant 
positive Siqnificant positive negative 

A s  
AS" , 
B 

Co 
Cr* 
C r 

Ni, Zn 

Cu, Ni 
B, Cu, Pb 
Ba, Cd, Co, Cu, Hg, 

Mn, Ni*, Ni, Pb, 
Zn, As* 

Cr*, Cr, Cu, Fe, I%, 
Hi*, Pb, Zn, 

Co, Fe, Mn, Ni, W, 
Zn, B 

Cu, Fe, Hi*, B, Cd 
Pb, Ba 
B a 

Fe, Hg, Mn, Ni, Pb, 
W, Zn, As, As*, B, 

Ba' , Co 
. Hg, Mn, Ni, .Pb, Zn, 

Ba, Cd, Co, Cu 
Mo, Ni, Zn, B, Cu, Fe 
Ni, Zn, B, Cd, Cu, Fe 
Zn, B a , H 53 
P b  , Zn, B, Ba, Co 
As, B, Cd, Cu, Fe, 

Ha, Mn 
Zn, AS*, B, Ba, Cr*, 

Cu, Fe, hTi* 
Cd, Co, Cu 
R ,  Ba, Cd, Cu, Fe, Hg, 

hfn, Mo, Ri*, Pb 

Ni* 

Cr, I% 

Cu, Fe, Hg, 
Ni, B 

Cr 

Mo, CT 

Cd, Cr 
M 0 
B, CO, Fe, Mn 
A s  
f'r ., L 



Coefficients listed in appendices 5 and 6 are classified by establishing 

critical regions (where p = 0) at a 10 percent risk level and selecting the 

95 percentile points for the appropriate sample pair frequencies. 

Significant positive or negative correlation coefficients are those with 

values beyond the applied critical regions. Caution must be used to 

interpret the coefficients due to variable sample pair frequencies, 

analytical methods (table 1 )  and geographic sample distributions (figures 2, 

3, 4 and 5) . For example, a positive Fa-B correlation yet negative Ba-B* 

correlation in the stream-sediment data could be explained by differing 

. geographic distributions of the B and B* samples (figure 2). High positive 

coefficients between As and A s * ,  B and B*, Ba and Ba* and Ni and h'i* suggest 

good agreement between both laboratory analyses. Very strong associations 

are seen within the assemblage Ni-Cr-V-Pb-Zn-Co for the stream-sediment data. 

.- 
Negative correlations In the stream-sediment data between I% or Sr an? 

elements which include B, Ba, Cd, Co, Cr, Fe and Mn suggest inverse 

relationships o f .  their concentrations. The negative correlat5on of h 7 i  and Cr 

in  an-concentra~es, in co-cirast to the positive correlaticn of these i~ 

stream-sediments, could be caused bv selective occurrence of Cr in detridal 

accessory minerals. 

DISCUSSION 

Five major regions of the study area, distinguished by element 

a s s o c i a t i o n s  2 n d  g e o l o g i c  f e z t ~ ~ e s ,  are outlined 03 plates 2 and 3. 

S i g c l f i c a n t  positive correlzt<cns (tables 4 and 5) support z a n y  of the 

element associations within :he regions. AnonalLes outside the se l ecced  

regions do occur but are no: ?iscussed. 



Region I 

Region I contains anomalies of Cu, Pb, Zn, As, Sb, Co, Ni, Cr, Ea, Ag, 

Sn, and W which appear to be directly or indirectly related to 

coarse-grained, metamorphosed plutonic rocks ( p l .  3) . Compositions of these 

rocks range from granite to granodiorite; textures are well foliated and 
* 

often relict porphyritic. These rocks form the western portions of a belt of 

plutonic rocks which extends northeastward from region I for approximately.30 

km. The northern portion of region 1 or 'Horace Mt. belt' can be 

distinguished from the southern portion of this region by its association 

with anomalous and high background Cu. Cv-Fe-Learing skarns have been 

observed at the Evelyn Lee and Venus claims ( p l .  1) and are reported in 

Deyoung, 1978. Scattered talc-silicate skarns occur near intrusive contacts 

throughout region I (PI'. 3) . Anomalies of As, Sb, Sn, B, Ba, and Co commonly 

occur downstream from contact zones of the plutons and could be related to 

skarn, vein, greisen, porphyry or other type of hydrothermal mineralization. 

Some of the Ni, Cr, Pb, and Ba anomalies in Region 1 which are located 

towards the interiors of the plutonic rock outcrops (or near intrusive 

contacts) may represent high background levels of these elements from 

accessory or other minerals which form these rocks. For example, Cr 

substitutes for in m s ~ n e t i t e  (Deer and others, 1966) which is known to 

-occur  as a;l a cce s so rv  in the granitic rocks as well as in some skarns of the 

region. This speculation is supported by the c c l n c i d e ~ c e  ofmany of the 

highest ( ~ - ~ o ~ u l a t i o n )  Cr-pan-concentrate va!ues (appendix L )  with the 

southern p c r t i o n  of region I 3 ) .  The negative correletinn of Cu v i t h  Cr 



in pan-concentrate samples (tabie 4) may partly be explained by the spatial 

separation of high backgrounds of these elements ( p l .  3) . 

Region I1 is a distinctive belt of anomalous Cu occurrences and local 

Pb, Zn, Mo, As, Ag, Fe, and W anomalies which correspond to a known trend of 

Cu-bearing talc-silicate skarns ( p l .  3). These small skams t y p i c a l l y  occur 

near the contacts of small aplitic or felsic dikes with marble and 

calcareous schist. Greenschist occurs locally but is seldom associated with 

s i & n ? L f i c a n t  mineralization. Cu sulfides and hydroxides occur at the Ginger 

claims ( p l .  1) where Cu grades of up to 0.2 percent are reported (Deyoung, 

19.78). Garnet-idocrase-epidote skarns at the Hurricane-Diane-Luna claims 

( p l .  1) contain I n t e r s ' s i t i a l  chalcopyrite, pyrite, tennorite, and cobalt 

bloom with Cu grades of about 1 percent. Andraditic garnets, which are 

characteristic of c a l c i c  Cu-skarns (Enaudi  and others, 1981), have been 

i f 2 n t i f i e d  i- skarns ir hcth region I1 and the Horace Mt. belt. 

Zn and l o c a i  P b ,  3 0 ,  V,Ba, and Ag anomalies are concentrated fnthe 

northwest marginal portion of region I1 and could be taken to represent the 

distal portion of a Cu to Zn-?b geochemical zonation. Although this is a 

common pattern in many ska r r .  and other h y d r o t h e m a ;  systems, Zn-bearing 

skarns have not been reported from there. A series of greenstone and 

greenschist bodies j u s t  to the west of Region J I  could also account for the 

p e r i p h e r e l  2;: anoz2liec (pl. 3). L e v i n s o n  (1954) suggests plotting o f ~ i / ~ o  

2nd. !<5  / C r  ratios can help l i s t l ? g u i . s h  'between anomaly sources like stratiform 



Pb-Zn sulfide mineralization (low Ni/Co ratios) or barren mafic rocks (low 

Ni/Cr ratios) . 

Reeion 111 

Region 111, a broad region in the southern C-5 Quadrangle (pl. 3 ) ,  

contains locally anomalous Zn, Co, Ki, Cr, Ba, Mn, Fe, Pb, W, and Sn. Most 

of the anomalies in this region occur downstream from cupola zones of 

metamorphosed granitic stocks compositionally similar to the granitic 

gneisses of region I. Small skarns are seen locally but significant skarn 

mineralization has not been found in region 111. This may partly be due to 

the lack of abundant marble or calcareous lithologies. The few skarn 

occurrences which are knokn in region 111 lack associated Cu anomalies in 

contrast to those of regions I and 11. Cupola zones of intrusions c c m o n l y  

forin favorable host or source rocks for hydrothermal mineralization like that 

seen in a vein, greisen, skern or porphyry environment. The existence of 

anoa~lous Sn, Zn. As, Sb, a r ~ d  o r h z r  zlezexts \ . e a r  che metamorphosed stocks is 

c c m p a t 5 b l e  with these types of mineralization. 

hnomalous Sb and As ( 3 n  5 Pb) characterize * e p i o n  IT' of the study area 

. 3 .  A f~;lt zone c o n t s i r . i n g  stlbxite-cuartz vein mineralization v i t h  

elevated Sb, As, ?lo, Kg, hu, 2nd .L-g c c n c ~ n t r z t i o n s  occurs between marble and 

g r 2 p h i t i . c - s c h l c t  at the cccrh e 7 1  of C.;kzkpak ? l c u n ~ z i n  and r e v i d e s  the 

obvious s o L r c e  cf s e \ T e r E l  n e z r b l -  SS ~ n l  -4s znonaiies. P l z c e r  € o l d  6eposirs 



are found directly below these veins; many gold placers of the Chandalar and 

Koyukuk districts are thought to be derived from similar type lodes (Dillon, 

1982). Features of some southeast Asian Sb-Ag-Hg deposits, such as 

* localization in fault zones and/or metamorphic rocks and replacement of 

carbonate lithologies (Hutchinson, 19831, are present at the Sukakpak 

Mountain locality. Alteration zones associated with the eastern continuation 
* 

of the fault zone may represent good target areas for future exploration 

Anomalous elements of the suite Zn-Pb-Mo-Co-Ba-B-Mn-V-Ni-Cr characterize 

the vide, northeast-southwest-trending belt outlined as region V (pl. 3). 

This belt crudely correlates ~ - i t h  a package-of distinctive, graphitic, and 

chloritic'quartz schists and phyllite units, and local, , t h i n  calcareous or 

6olcnitic schists and marble units, Elsewhere in the Chandalar Quadrangle 

anomalous Cu, Ba, 3, and are associated with black shale and phyllite of 

th? %u.-.; Fork Shale F o m a t i c n  and underlying units (Marsh and others, 1978a 

and 1). A principle components analysis of rocks in the Fairbanks district 

(Hawkins, 1982), which suggests common behaviors of elements within the 

assenblcges Co-Cu-Mn-Ei-Cr-V and Ba-B-Pb-V, agrees with the association of 

elements in Region V and pos5rive correlations seen among them (tables 4 and 

5 2nd ?;>endices 5 and 6). 

The northern p o r t i c n  rf region V contains more abundant Zn, Mo, Ba, V, 

 en^ ?;I z 7 c r a l i e s  than r i .e  sc::k,ern po r : l cn  of the region u'nich contains more 

ebur;csr.t  3. ?'in, Cr, Pb, ai;? Cc anomalies. Anomalous Cu is confined to the 



central part of the region. The apparent zonation of anomalies may be caused 

by high backgrounds of selective elements in differing stratigraphic 

sequences. 

The anomalies of Region, V could be formed if stratiform, shale-hosted 

Pb-Zn or other sediment-hosted deposits were present but mineralization of 

this type is not known in the area. Favorable characteristics for the 

presence of these type deposits include the presence of carbonaceous 

lithologies to serve as host rocks and shale-carbonate f a c i e s  changes to 

serve as depositional environments ( G u s t ~ f s o n  and Williams, 1981). 

Some of the Pb, Zn, and Mo anomalies in the eastern portion of region V 

occur downstream from c c r . t a c t s  of g r e p h i t i c - s c h i s t  with carbonate. Anomalies 

like these can be caused by the introduction of h i c 2 r b o n a t . e  into stream 

waters, an increase 12 pH end ccnsequerit metal precipitation (Levinson,  

1974) . 

Samples & 4 9  and 501 contain r e l a c i - . - e l y  h i ~ h ~ ~  HE, Pb, and A u  backgrounds 

and are located near 2 f z u j . t .  This z r e a  should probably be i n s p e c t e d  for 

auriferous Sb-As quarcz  veins like ;hose observed near S u k a k ~ z k  Zouatzin. 

i:e wish to t h z n k  ?!.T. Aurliler, T.?. F ~ l o g ,  ?!.?. S o c k v o o ~ ,  G. Xevers ,  



k ' ickens ,  J.N. Drahos, G.R. Crotty, R.P. Erickson, and J.F. Spie lman  performed 

the'chemical analyses. We express our thanks to Bub Mueller, Dan Hawkins, 

and the kind staff of IL?R who provided computer facilities, editing, and 

invaluable advice for this project. Dan Hawkins, Gar Pessel and Kate 

Ashworth are gratefully acknowledged for critical review of the report. We 

also thank Penny Adler for drafting assistance and Sunshine Helicopters for 
* 

logistical support. 
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APPEhQIX 1. Analytical results for 1,319 stream-sediment samples from the 

Chandalar C-5 and C-6 Quadrangles .  

Analytical methods and detection limits are given in table 1. Values 

are report in parts per million (ppm) except for mercury which is reported in 

parts per billion (ppb) . Qualified values are preceded by '-' (less than) or 
* 

'+' (greater than) and values not determined are listed as 'nd. ' Anomalous 

values determined from the threshold values listed in table 3 are underlined. 

Analytical values determined by Bondar-Clegg, Ltd. are reported in separate 

columns labeled Ni*, Cr*, B*, and Ba*. 

APPE~ITIX 2. Analytical results for 323 pan-concentrate samples from the 

Chandalar C-5 and C-6 Quadrangles. 

.&." 

Analytical methods 2nd detection limits are given in table 1. Values 

are reported in parts per million (ppm) except for mercury which is reported 

in parts per ' t , i l l i o n  i p p b ) .  Q u a l i ~ i e d  values are preceded by ' - - '  (less than) 

or '+' (greater than) and values not determined are listed as ' n d . '  

Anomalous values determined from the threshold values listed in table 3 are 

underlined. Analytical values determined 5 y  Bondar-Clegg, Ltd. are reported 

in separate columns labeled Ass*, Ni*, Cr*, B*, and Ba*. 

I 3 . S u m z r ~  2nd  graphical statistical analyses for 1,319 

s t r e m - s e d i m e n t  samples from the C!,anczlzr C-5 and C-6 Quadrangles. 

Co3pu~;tions for the trace elements s s e  only unqualified valuer end are 

- , -e=er . ted 2 l p h z b e t i c z l l v .  Tile t c t z l  nunjer cf v z l u e s  used : s  l i s t e d  2 s  ' +  



observations' or 'number of valid cases.' Summary statistics of the 

duplicate sample analytical values are shown separately. The symbols Ni*, 

Cr*, B*, and Ba* indicate Bondar-Clegg analyses. 

Summary statistics are divided into basic and order statistics sections 

and were computed using a 95 percent confidence interval on the mean. The 

basic statistics section lists the number of observations, number of missing 

values, sum, mean, variance, standard deviation, coefficient of skewness, 

coefficient of kurtosis, coefficient of variation, standard error of the mean 
- 

and upper and lower limits of the 9 5  percent confidence interval. The order 

statistics section lists the maximum value, minimum value, r t n g e ,  midrange, 

median value, 25th and 75th percentile values (Tukey ' s hinges) , midspread 

(range between these hinges) , midmean (mean of midspread values) and trimean 

(mean of the r d d d l e  thyrd of theA ordered data) . 

Histograms are plotted using eight to ten intervals of values with the 

parameters listed. T h e  firs: h l s r o g r z ~ ;  i s  derived from the ~ n c . ~ a l i f  i e d  

values for t h e e l e m e n t a n d t h e  second histogram is derived from the log 

transforms of these values. Anormal distribution curve overlay is shown on 

histograms with sufficient degrees of freedom. 

The cumulative f r e q u e n c y  diagrenls a r e  p l o t s  C: i c g  t r a n s f o r m s  on a n  

-;rith-etic s c a l e .  F r e q u e n c i e s  a r e  c u c i ~ i z c e d  f r o i ;  t h e  l o w e s t  t o  h i g h e s t  

-.- \ c l c e s .  T h e  L e p e l t i e r  c e t h o d  Is u s e d  ;c s e l e c t  :::r~s:.lolr's ( i n d i c a t e d  o n  t h e  

i . l z ~ r z z s )  a  n  d  t c   COT;^:^ t  h  e  ; n o i ; , ~ l o u c  s a z ~ l e s  F;?? e  1  e  m  e  n  t  s  c f  ~ i ~ t e  2 ,  T h e  

- .  
S<ncih:r n e t h o d  i s  2 p p l i e E  :o s e l e c t  t h r e s h o l d s  e n d  p l o t  znoselies ( p l .  

- \ 
: I  E r 2  :c Incerpre~ r i r  c i s ~ r ; h u t i c n  p f  y z i u e s  o  f  e;ch e l e n e - s a r p l e .  



Inflection points used for this method are indicated by arrows. Partitioned 

-populations are represented by the line segments labeled A (highest), B, C, 

etc.. . followed by their respective percentages (in parentheses). The tables 

below the diagrams summarize the map symbols, anomaly thresholds, and ranges, 

estimated population parameters and types of values used in compiling plate 

APPEhQIX 4. Summary and graphical statistical analyses for 323 

pan-concentrate samples from the Chandalar C-5 and C-6 Quadrangles. 

Coxpq~ta t ions  for the trace elements use only unqualified values and are 

presented a l p h a b e t i c a l . 1 ~ .  The total number of values used is listed as '!I 

observations' or 'number of valid cases.' Sumarp statistics of the 

duplicate sample analytical values are shown separately.. The symbols As*, 

K i * ,  Cr*, E*, and Ba* indicate Fondar-Clegg analyses. 

Sucmar3; statistics are divided i : ~ ? o  hasic s r d  order statistics sect i 311s 

and were computed using a ^rj percent confidence interval on the mean. The 

basic s t 2 t i s t i c s  section lists the number of  observations, number of missing 

vaiues, sum, mean, variance, standard deviation, coefficient of skewness, 

coefficient of kurtosis, coefficient of variation, standard error of the mean 

and upper and lower l i - r i t s  of the 05 percent confidence interval. The order 

. . 
s t ~ : : s t l c s  section lists tk,e maximum. value, minimum value, range, midrange, 

;-.+i a 2  - JZIU E ,  25th 226 75 t5 F e r c e s t  ile v a l u e s  (Tckev's hinges) , midspread 

( : ~ n ~ e  Set; ;ec;?  these ' r , i ? ~ e s )  . cidr;lean (mean cf z . i d s p r e a d  values?, and :rimean 

ii;i~za sf the middle t h i r ?  of the ordered data). 
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