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INTRODUCTION

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). Univariate statistical analyses were computed using
the University of Alaska-Fairbanks (UAF), Institute of Water Resources (IWR)
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
Nerth DEC VAX-11/780 computer and are given in appendices 5 and 6. Plates 2
and 3 are maps of anomzlous 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 geocheuistry and geology are
available. Stream-sediment geochemistry in the Chandalar Quadrangle is
_reported in March and others, 1278a, b, ¢, d, and e. Selected skarn
prospects are discussed in Mearsh and Wiltse, 1878 and Deyoung, 1978. Dillon
(1982) discussed lode- and placer-gold deposits in the region and their

sources. Broegé and Reiser (1964) provide a reconnaissance geoclogic mar of

the Chandalar Quadrangle.
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SAMPLING MLTBODS

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 gquarter-inch (.635 cm) mesh screen
and panned down to approximately one quarter pound (or .l 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

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 1limits for each element are
summarized in table 1. Since Ni, Ki*, cx, Cr*, Ba, Ba*, B, B*, As, As*, v,
and Sr analyses are not ubiquitous for all sample locations their evaluations
should include Examination of their distributions. Distribution wmaps are
shown for the XNi-Wi*-Cr-Cr* and Ba-Ba*-B-B* stream-sediment samples (figs. 2 -
omd 3, respectively) and for the As-As* and Ni-Ni*-Cr-Cr* pan-concentrate

samples (figs. % and 5, respectively).
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C-6 guadrangle C-5 ouzadrangle

Figure 2. Map showing Ri-Cr- and Ni*-Cr*-ctream-sediment sample distributions
(DGGS and Bondar-Clegg analyses, respectively). Unshaded areas contain
sample locations with only Ki and Cr analyses. §§§§§é - areas containing
sample locations with only Ni* znd Cr* znalvses, fzz;32;= areas COt.-
teining sample locations with both N1 and Ni* analyses. Qgggg? = areas
containing sample locaticns with both Cr and Cr* analyses. The correla-
tion coefficient for 135 observations with both Ni and Ni* analyses,
0.9283 (appendix 5), is verv high and indicates a significant agreement
between these analyses. The linear regressio® equation for these
observations is: (Ni*) = 0.552 <+ 0.667 (Ni). The correlation
coefficient for 08 observations with both Cr and Cr* analyses, -0.1341

{(appendix 5), i s effectively randem.
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3. Map showing Ba-B- and Ra*-R*-stream-sediment sample distributions
(DGGS and Bondar-Clegg analyses, respectively). Unshaded areas contain
sample locations with only Bz and B analyses. ¢52§Z; areas containirg
samples with only Ba* and B¥ analyses.ﬁ&ﬁéé;i = areas containing sample
locations with Ba, B, Ba* and B* analyses. 0c correlation coefficient

for 56 cbservations with both Ba and Ba* analyses, 0.628 (appendix 5),

is high and indicates @& significant agreement between these analyses.

. . . . . (Ba*) = 208 +
The linear regression ecuvation.for these observations is:

0.029 (Ba). The ccrrelation coefficient for 56 observations with both B
and B* amalyses, 0.827 (appendix S5), is high znd indicates zsjignificant
agreement between these analyses. 1he linear regression equation for

these observaticns is: (B*) = 21.1 + 0.783 (B).
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Figure 4. Map showing As- and As*-pan-concentrate Sample distributions (DGGS
and Bondar-Clepg analyses, respectively).. = approximate sample
location with only an As analyses:+ = approximate sample location with
only an As* analysis. All other sample locatlcns f{open areas) have both
As and As* analyses. The correlation coefficient for 46 observations
with both As and As* znalvses, 0.8851 (appendix €), is verv high and
Indicates a significant agreemest of these analyses. [ne linear

regression equation eguation for these observaticns iS: (As¥) = 4.48 <+

0.74 (As).
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Figure 5. Map showing Ni-Cr- and Ni*-Cr*-pzn-concentrate sample distributions

(DGGS and Bonder~Clegg analyses, respectively). + = approximate sample
= approxXimasie sample

location with only Xi* znd Cr* analyses. = =
£11 other sample locatiens

locetion with both Cr and Cr* analyses.

(open areas,) have onlv Ni and Cr zrnelvses.
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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 (ICP). 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 evaluite large amounts
of numerical, geochemical data. These methods are used here to characterize
the data, graph frequency distributions and aid in selecting anomaly
thresholds. The Ag and Be stream-sediment-and Au, Ag, Sb, and Sn
pan-concentrate samples were not statistically analyzed because they contain
very few ungualified values. The geocheoical datas were sorted using the IBM
Textpack global search system such that gualified (below det:ction 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.

. Summerveratistics for each elkment consikt of basic and order
statistics sections and were computed with a 95 percent confidence interval
on the mean. Semmary statistics of the duplicate analytical values ior each

element are shown separately. The basic statistics sectior summarizes 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 midmean 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 (#ppendices~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 perform 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 probabilityv is plotted on the abscissa. The
statistics program-accumulafes 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

selecticns using the simplified method of iepeltier, 1969. Table 2 lists the

|O



Table 2. Stream-sediment and pan-concentrate anomaly

CU
Pb
Zn
Ag
Mo
Sb
AS
As*
co
Ni
Ni*
Fe
Mn
B
B>
Ba
Ba*
cd
CT
Cr¥
\
Sr
Be
Sn
W

He
Au

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 pPpb's.

Stxream-sediment Pan-concentrate
threshold threshold
71 53
22 12

213 111 .
0.1 0.1
8 8
17 |
92 15
56
31 a6
82 ' 79
52 58
62.8038 74!097
‘2,604 . 3,633
178 125
165
823 092
1,367
b 4
72 482
167 38
236
935
1
5
4
- 86
Q.2

- = Not 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 threshold 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 Lepeltier method are
that 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 Jdistributions
oLtlired by Sinclair (1974 and 1976). Table 2 and appendices 3 and 4 list
the anomaly thresholds, magnitudes and ranges selected using this method;
plate 3 ig 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 'probabiliry 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 :znomzlies, defined the relative magnitude

of anomalies and limited the inclusion of background values. The Sinclair

| O~



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) an - threshold set at the 100 percentile of the highest value (A)
population,
2) Zn2

~ threshold setat the 85 to 98 percentile of the A population,

3, 4, etc. . .
3) Zn - 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-streaw-sediment »and Au-, 'Ag-, Sb-, and

Sa-pan-concentrate szuple: were arbitrarily 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 which is given in ppb's.



Anomaly thresholds

Cul = 93,1n,wcaz=m1u
PbY = 94, 28 Pb° 67
Zn% = -+

Znl = 411,070 %20 2= Wil

(Ag1)== 0.2 0.7, (Ag)= 0.5
(Ag)

-1 2.2
0

M e 2, 10Mo Mo =311
Sb1 = 156, sz = 71
(5b) = 36
Asi = 133 2
As )% 81, As” = 60
As*” = 107
Coi = 199, Co2 = 111
Co™ = 43
Nii = 193, Ni2 = 154
Ni 2= 112, Ni~ = 83
Ni*S = 75
Ni¥" = 59
1 2
Fez = 78,884, Te = 73,142
Fe™ = 78,102
1 2
Mr, = 14,962, Mn = 7,043
Mo~ = 4,105
B; - 231, B2 < 208
B'1= 209
B*" = 398, B* = 339
2
Bal = 933 2
Ra 5= 1,220, Ba™ = 1,064
Ba*™ = 2,183
ca?l - 12
Cd" = 4

cr' o= 141, cr? - 104

1Y

Low level apomaly ranges

Zn

As

Fe

3

#3

3

Ba3

22 to 24

= 65 to 91

10,000 to 10,998

26 to 28

125 to 150



Table 3.

Crl = 794, Cr2 = 479

Corl g 178
vl el - 331
Sr2 = 1,042

(Snl) e 2@, (Sn) = 5

W2 = 5

2
Hg = 4
(Au) = 4.2

{con.)

Cr3

179 to 254,

Cra

42 to 43



method 1s 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
pairvise frequencies with both variables present are show-n in the upper right
half of the tables. The linear correlation coefficient is a unitless number
rancing between *1 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.
CONCLUSIONS

Considering the sample distributions and gererally large number of
cbeervérions, sample statistics presented here could provide a reasonable

base fcr estimating pepulatior parameters. Mean and media:: values for most

| 6



samples are quite similar and could be taken to approximate the population
mean. Midrange values often 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. Polymodal 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 logng}mal 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 Yappendix 3). Sample
distributions are evaluated 2nd anomaly thresholds are selected by applying
statistical 2nd arbitrary graphical methods to the cumulative frequency
diagrams. Plotting of anomalies determined by a statistical (Lepeltier)
method is useful in putlining regions of anomalous and high background
concentrations and distinctive metal associations (pls. 2 and 3). These same
geochemical regions are also merked by anomalies determined by another
-(8inclair) net'nod which aiso distipguished their associated anmomaly

magnitudes.

Ciprificent element correlations for the stream-sediment and pan-

concentrate szmple detas zre summerized in cables 4 and 5 (respectively).

M



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
As Cu, Mo, Pb, Zn
B B* Ba, Ba*, Co, Fe, Ni, Mo, S8r
Pb, V, Zn
Ba Ba*, v Co, Cu, Fe, Mo, Ni, B*
Sr, %n, B
Ba* Ba ¢4, Co, Cr*, Cu, Mo, Mn, Sr
Ni, Ni*, Pb, V, Zn .
B* B C4, Co, Cr*, Cu, Fe, Mo, Sr, Ba
Mn, Ni, Ni*, Zn
cd Co, Cr, Cu, Fe, Mn, Sr
Ni, Zn, Ba*, B¥*
co Ni Cr, Crx, Cu, Fe, Mn, S r

N{*, V, Pb, Zn, B,
Ba, Ba*, B*, Cd

Cr Ni Fe, Ni*, v, Cd4, Co Mo

Cr¥ ~ - Cu, Ni, Ni*, Pb, Zn,
Ba*,'B*, Co .

Cu Fe, Mo, Ni, Wi*, Pb,

Sr, V, Zn, As Ba,
Ba*, B*, ¢4, Co, Cr*

Fe Mn, Ni, Ni*, v, Zn, Mo
B, Fa, B*, Cd, Cc,
Cr, Cu
Mn Ni, Ni*, Pb, Sr, V, 2n, Mo, Bax*
B* (Cd, Co, Fe
Mo Zn Ni, Ni*, Pb, Sr, V, As, B
Ba, Bax, Cu
Ni %n, Co, Cr Ni*, pb, V, B, Ba, Ba*%,
B*, Cd, Cr*, Cu, Fe,
Mp, MO
Ni % Pb, Zn, Ba*, B%x, Co,
Cr, Cr#*, Cu,-"e, Mn,
‘eo, Ni
.Pb Zn ¢, £s, B, Ra*, Co, Cr*
St ' Ba, Cu, Mn, Mo 3, Ra%, B*,
Cd, Co
Y In, Ba B, Ba*, Cc, Cr. Cu, Fe,
¥r, Mo, Ni, ?b
Zn Mo, Ni, Pb, § Le, E, Re, Ba*, B*, Cd,

Co, Cr*, Cu, Te, ¥n, Ni#

| €



Table 5.

Significant element correlations

between element pairs for pan-concentrate sample data
Correlations based on coefficients beyond ‘critilcal regions established at a

10% risk level.
above an arbitrary cutoff of 0.6,

Correlation analysis

determined from coefficients
(appendix 6).

Very significant positive correlations have coefficients

Very significant Significant
positive Significant positive negative
As As* Cu, Ni N{*
As" , As B, Cu, Pb
B Fe Ba, Cd, Co, Cu, Hg, Cr, ™
Mn, Ni*, Ni, Pb,
Zn, As*
Ba Cr*, Cr, Cu, Fe, M,
Ni*, Pb, 72n,
cd Co, Fe, Mn, Ni, @, Hg
Zn, B
Co Mn, Ni, Zn Cu, Fe, Ni* B, cd Mo
Cr* Pb, Ba
Cr Ba Cu, Fe, Hg,
Ni, B
Cu Fe, Hg, Mn, Ni, Pb, Cr
W, Zn, As, As*, B,
Ba', Co
Fe B - . Hg, Mn, Ni,.Pb, %n, Mo, Cr
Ba, Cd, Co, Cu
Hg Mo, Ni, Zn, B, Cu, PFe c3, Cr
Mn co N1, %n, B, Cd, Cu, Fe Mo
Mo Zn, B a , H g B, Co, Fe, Mn
Nix Pb, Zn, B, Ba, Co bs
Ni Zn, Co As, B, Cd, Cu, Fe, Tr
Hg, Mn
Pb Zn, As*, B, Ba, Cr*,
Cu, Pe, Nix
W Ccd, Co, Cu
7n Co, Ni R, Ba, Cd, Cu, PFe, Hg,

Mn, Mo, Ni*, Pb



— —

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 poaitiva or nagative 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 Ra-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 As*, B and B*, Ba and Ba* and Ni and Ni* 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 M or Sr and
elements which include B, Ba, Cd, Co, Cr, Fe and Mn suggest inverse
relationships of. their concentrations. The negative correlation of Ni and Cr
in pan-concentrzies, in contrast to the positive correlaticn ot cnese im
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
associacions 2nd geologic features, are outlined on plates 2 and 3.
Sigrnificant positive correlzticens (tables 4 ana 5) suppor: WmanVv of the
element associations within the regions. Anomalies ourside the selected

regions do occur but are nor discussed.
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Region I

Region I contains anomalies of Cu, Pb, 2n, As, Sb, Co, Ni, Cr, Ea, Ag,

Sn, and W which appear to be directly or indirectly related to
coarse-grained, metamorphosed plutonic rocks (pl. 3). Compositions of these
rocks range from granite to granodiorite; textures are well foliated and

A
often relict porphyritic. These rocks form the western portions of a belt of
plutonic rocks which extends northeastward from region 1 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. Cu-~Fe-Learing skarns have been
observed at the Evelyn Lee and Venus claims (pl. 1) and are reported in
Deyoung, 1978. Scattered talc-silicate skarns occur near intrusive contacts
throughout region I {(pl. 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, Pp,and Ba anomalies in Region I 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 Fe3+ in magnetite (Deer and others, 1966) which is known to

_occur as &n accessorv in the granitic rocks as well as in some skarns of the
region, This speculation is supported by the ccincidence ofmany of the
highest (A~population) Cr-pan-concentrate velues (appendix &) with the

southern porction of region I (pl. 3). The negative correletion of Cuv with Cr

Al



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

separation of high backgrounds of these elements (pl. 3).

Region 1T

Region II 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 (pl. 3). These small skams typically occur
near the contacts of small aplitic or felsic dikes with marble and
calcareous schist. Greenschist occurs locally but is seldom associated with
siynificant mineralization. Cu sulfides and hydroxides occur at the Ginger
claims (pl. 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
(pl. 1) contain interstitial chalcopyrite, pyrite, tennorite, and cobalt
bloom with Cu grades of about 1 percent. Andraditic garnets, which are
characteristic of c¢alcic Cu-skarns (Enaudi and others, 1981), have been

iéentified in skarns ir heth region II and the Horace Mt. belt.

Zn and local Pb, Mo, V,Ba, and Ag anomalies are concentrated incthe
northwest marginal portion of region II and could be taken to represent the
distal portion of a Cu to Zn-Pb geochemical zonation. Although this is a
common pattern in many ckarn and other hvdrothermes systems, Zn-bearing
skarns have not been reported from there. A series of greenstone and
greenschist bodies ivusrt to the west of Region TI could also account for the
neripherel IZn anosalies (pl. 3). TLevinson (1954) suggests plotting of Ni/Co

ana N3i/Cr ratios can help cictinguich ‘between anomaly sources like stratiform

e



Pb-%n sulfide mineralization {low Ni/Co ratios) or barren mafic rocks (low

Ni/Cr ratios).
Region IIX

Region III, a broad region in the southern €-5 Quadrangle (pl. 3),
contains locally anomalous zn, Co, Ni, Cr, Ba, Mn, Fe, Pb, W, and $n. 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. 8mall skarns are seen locally but significant skarn
mineralization has not been found in region III. This may partly be due to
the lack of abundant marble or calcareous lithologies. The few skarn
occurrences which are known in region II1 lack associated Cu anomalies in
contrast to those of regions I and II. Cupola zones of intrusions cecmmonly
form favorable host or source rocks for hydrothermal mineralization like that
seen in a vein, greisen, skern or porphyry environment. The existence of
anomzilous Sn, Zn. As, Sb, and cther elexsats iear the metamorphosed stocks is

ccmpatible with these types of mineralization.
Repicn IV

hnomalous Sb and As (* 2n * Pb) characterize =egion IT' of the study area
(P2 3). A fevlt zone contzining stibnite-cusrtz vein mineralization with
elevated Sb, As, Mo, Fg, 4z and Ag concentrziions occurs between marble and
grzvhitic-sehict at the scuth ené of Sckekpzk Yeuntzin and -rovides the

obvious source of severzl neartv Sb znd As anomalies. Placer gold depasits
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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, 1983), 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.

Region V

Anomalous elements of the suite Zn-Pb-Mo-Co-Ba-B-Mn-V-Ni-Cr characterize
the vige, northeast-southwest-trending belt outlined as region V (pl. 3).
This belt crudely correlates with a package-of distinctive, graphitic, and
chloritic'quartz schists and phyllite units, and local, thin calcareocus or
c¢olecmitle schists and marble unircs, Elsewhere in the Chandalar Quadrangle
anomalous Cu, Ba, B, and V are associated with black shale and phyllite of
th2 Ku~t Fork Shale Formaricn and underlying units (Marsh and others, 1978a
and ¢). A principle components analysis of zocks in the Fairbanks district
(Hawkins, 1982), which suggests common behaviors of elements within the
2sseobliges Co-Cu-Mn-Ei-Cr-V and Ba-B-Pb-V, agrees with the association of
elements in Region V and positive correlations seen among them (tables 4 and

5 2nd appendices S and 6).
The northern porticn I region V contains more abundant Zn, Mo, Ba, V,

en6é Ni encmelies than the scuthern portien of the region which contains more

ebuncent 3, Mn, Cr, Pb, anc¢ (¢ anomalies. Anomalous Cu is confined to the
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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 facies changes to

serve as depositional environments (Gustefson and Williams, 1981),

Some of the Po, Zn, and Mo anomalies in the eastern portion of region V
occur downstream from centacts of grzphitic-schist with carbonate. Anomalies
like these can be caused by the introduction of Yicarbonate into stream

vaters, an increase in pr end ccnsequerit metal precipitation (Levinson,

1374) .

Samples 449 and 501 contain relztively nigher Hg, Pb, and Au backgrounds
and are located near afzult. This zres should probably be inspected for

auriferous Sb-As quartz veins like thoze observed mear Sukakpzk Mourntain.
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APPENDIY 1. Analytical results for 1,319 stream-sediment samples from the

Chandalar C-5 ang 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
part§ 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 decermined by Bondar-Clegyg, Ltd. are reported in separate

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

APPENDTIX 2. Analytical results for 323 pan-concentrate samples from the

Chandalar C-5 and C-6 Quadrangles.

o »

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

are reported in parts per million (ppm) except for mercury which is reported
in parts per nillion (ppb). Qualiiied 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 As*, Ni*, Cr*, B*, and Ba*.

LPPENDIN 3. Summarv znd graphical statistical analyses for 1,319

stream-cediment samples from the Chanczler C-5 and C-6 Quadrangles.

Cozputztions for the trace elements use only ungualified valuer end are

srecented zlphzbericzllv. The totel number of vezlues used s listed as '
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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 ofthe ©5 percent confidence interval. ) The order
statistics section lists the maximum value, minimum value, Trenge, midrange,
median value, 25th and 75th percentile values (Tukey's hinges), midspread

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

{mean of the widdle thIred of the ordered data).

Histograms are ploiked using eight to ten intervals of values with the
paramecers listec. The firs: nistogrec is derived from the uangualified
values for theelementand the second histogram is derived from the log
transforms of these values. A normal distribution curve overlay is shown on

histograms with sufficient degrees of freedom.

The cumulative frequency diagrams are plots cof lcg transforms on an
.arithretic scale. Frequencies arve cuculated from the lowest to highest
vzlves. The Lepeltier cethod is used o gelect thresholds (indicated on the
cizgrez=s) and tcconpilethe znomelousceamplesendelements of plate2. The

Sinclair methodi s a2lso applied toselect thresholds end plot anowalies (pl.

3% znd te interpret the cistribution of valueso f  ezchelemersarple.

)



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 syﬁbols, anomaly thresholds, and ranges,

estimated population parameters and types of values used in compiling plate

APPENDIX 4. Summary and graphical statistical analyses for 323

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

Cowputations for the trace elements use only unqualified values and are
presented alphabeticallv. The total number of values used is listed as '#
observations' or ‘number of valid cases.' Summary statistics of the
duplicate sample analytical values are shown separately.. The symbols As*,

Ni*, Cr*, B*, and Ba* indicate Fondar-Clegg analyses.

Surmary statistics are divided into basic arnd order statistics secrions
and were computed using a 93 percent confidence interval on the mean. The
basic statiscics 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 rthe mean

and upper and lower lipits of the 25 percent confidence interval. The order
staztistics section lists the maximum. value, minimum value, range, midrange,

(¢

-edian vzlue, 25th zn¢ 7ith percentile values (Tukev's hinges), midspread

(range between these hinpes). midmezn (mean orf midspread values?, and tripean

{meen ofZ the widdle thirc of the ordered data).
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