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STUDIES RELATED TO AMRAP 

The U.S. Geological Survey, is required by the Alaskan National Interests Lands 
Colbsentation Act (Public Law 96-487, 1980), to survey certain Federal lands to determine 
their mineral resource potential. Results from the Alaskan Mineral Resource Appraisal 
Program (AMRAP) must be made available to the public and be submitted to the President 
and Congress. This report presents analytical results of a geochemical survey of the Craig, 
Dixon Entrance, and a small part of the Ketchikan, and Prince Rupert quadrangles, Alaska. 

INTRODUCTION 

In the summers of 1969, 1983-85, and 1989, the U.S. Geological Survey conducted a 
re~o~rnaissance geochemical survey of the Craig Study Area, Alaska. The Craig Study Area 
comprises about 1400 mi2 (3600 krn2) in southeastern Alaska, and includes all of Craig, 
Dixon Entrance, and a small part of the western fringes of the Ketchikan and Prince Rupert 
1:250,000 scale quadrangles (see fig. 1). Access to the study area is limited to the use of 
boats and float planes. The larger settlements are Craig, Klawak, Hollis, and Hydaburg with 
Ketchikan, to the east, the nearest distribution center for the study area. 

The Craig Study Area contains parts of three northwest-trending tectonostratigraphic 
terranes (Berg and others, 1972, 1978; Monger and Berg, 1987). From the southwe~t to the 
northeast, they are the Alexander terrane, the Gravina-Nutzotin overlap assemblage, and the 
controversial Taku terrane (Brew and Furd, 1984). The climate of the region is mild with an 
average annual rainfall of 100-160 inches, a mean daily temperature of 60-64°F in July and 
28-32OF in January. 

The Craig Study Area includes parts of the (from west to east) Prince of Wales 
Mountains, Kupreanof Lowlands, and Coastal Foothills (physiographic divisions of 
Wahrhaftig, 1965). The Prince of Wales Mountains physiokraphic division consists of 
~noderately rugged glaciated mountains with a maximum elevation of 3,800 ft. They are 
disected by steep-walled U-shaped valleys and by fiords 600-1,000 ft deep. The Kupreanof 
Lowlands physiographic division consists of islands and channels with a local relief of 300- 
500 f t  and a maximum elevation of 1,500 ft. The coastal Foothills physiographic division 
consists of high mountains 3-30 mi across separated by flat floor valleys and straits 1/2-10 mi 
wide; with a maximum elevation of 4,500 ft. 

METHODS OF STUDY 

Sample Media 

Analyses of the stream-sediment samples ar.d pebbles, which were taken from stream 
sediments, represent the chemistry of the rock material eroded from the drainage basin 
upstream from each sample site. Such information is useful in identifying those basins which 
contain concentrations of elements that may be related to mineral deposits. Heavy-mineral- 
concentrate samples provide information about the chemistry of certain minerals in rock 



Figure 1.--Location map of the Craig Study Area, Alaska 



material eroded from the drainage basin upstream from each sample site. Such inforrnatio~~ is 
useful in identifying thost; basins which contain concentrations of elements that may be 
related to mineral deposits. Heavy-mineral-concentrate samples provide information about the 
chemistry of certain minerals in rock material eroded from the drainage basin upstream from 
each sample site. The selective concentration of minerals, many of which may be ore related, 
permits determination of some elements that are not easily detected in stream-sediment 
sample:. 

Analyses of unaltered or unmineralized rock samples provide background geochemical 
data for individual rock units. On the other hand, analyses of altered or mineralized rocks, 
where present, may provide useful geochemical information about the major- and trace- 
element assemblages associated with a mineralizing system. 

Sample Collection 

Seven hundred ninety three heavy-mineral-concentrate, 26 pebble, and 1034 stream- 
sediment samples were collected (plate 1). Two hundred thirty seven rock samples were 
collected (plate 2). 

Stream-sediment samples 

The stream-sediment samples consisted of active alluvium collected primarily from 
first-order (u.ibranched) and second-order (below the junction of two first-order) streams as 
shown on USGS topographic maps (scale = 1:250,000) @late 1). Each sample was 
cornposited from several localities within an area that may extend as much as 20 ft from the 
site plotted on the map. 

Heavy-mineral-cnncentrate samples 

Heavy-mineral-concentrate samples were collected from the same active alluvium as 
some of the stream-sediment samples. Each bulk sample was screened with a 2.0mm (10- 
mesh) screen to remove the coarse material. The less than 2.0-mm fraction was panned until 
most of the quartz, feldspar, organic material, and clay-sized material were removed. 

Pebble samples 

Where float rock (pebbles) of interest was observed andlor a suitable outcrop was 
available, a sample was collected from the stream bed. 

Rock Samples 

Rock samples were collected from various types of occurrences in the vicinity of the 
plotted site location. 



Sample Preparation 

The stream-sediment samples were air dried, then sieved using 80-mesh (0.17-mm) 
stainless-steel sieves. The portion of the sediment passing through the sieve was saved for 
analysis. 

Samples that had been panned in the field were air dried and sieved to minus 35-mesh; 
bromoform (specific gravity 2.85) was used to remove the remaining quartz and feldspar. 
The resultant heavy-mineral sample was separated into three fractions using a large 
electromagnet (in this case a modified Frantz Isodynamic Separator). The most magnetic 
material (removed at a setting of 0.25 ampere), primarily magnetite, was not analyzed. The 
second fraction (removed at a setting of 1.75 ampere), largely fenomagnesian silicates and 
iron oxides, was saved for archival storage. The third fraction (the nonmagnetic material 
which may include the nonmagnetic ore minerals, zircon, sphene, etc.) was split using a Jones 
splitter. One split was hand ground for spectrographic analysis; the other split was saved for 
mineralogical analysis. (These magnetic separates are the same separates that would be 
produced by using a Frantz Isodynarnic Separator set at a slope of 15' and a tilt of 10" with a 
current of 0.2 ampere to remove the magnetite and ilmenite, and a current of 0.6 ampere to 
split the remainder of the sample into paramagnetic and nonmagnetic fractions.) 

Rock and pebble samples were crushed and then pulverized to approximately rninus 
100-mesh (0.15 mm) with ceramic plates. 

Sample Analysis 

Spectrographic method . . . . 

The stream-sediment, heavy-mineral-ccrncentrate, pebble and rock samples were 
analyzed for 31 elements using a semiquantitative, direct-current arc emission spectrogrzphic 
method (Grimes and Mmanzino, 1968). Selected samples were analyzed for Ga, Ge, Na, and 
P. The elements analyzed and their lower limits of determination aFe listed in table 1. 

Spectrographic results were obtained by visual comparison of spectra derived from the 
sample against spectra fobtained from standards made from pure oxides and carbonates. 
Standard concentrations are geometrically spaced over any given order of magnitude of 
concentration as follows: 100, 50, 20, 10, a d  so forth. Samples whose concentrations are 
estimated to fall between those values are assigned values of 70, 30, 15, and so forth. 1 l e  
precision of the analytical method is approximately plus or minus one reporting interval at the 
83 percent confidence level and plus or minus two reporting intervals at the 96 percent 
confidence level (Motooka and Grimes, 1976). Values determined for the major elements, 
iron, magnesium, calcium, and titanium, are given in weight percent; all others are given in 
parts per million (micrograms/grarn). Analytical data for samples from the Craig Study Area 
are listed in tables 3, 4, 5, and 6. 



Chemical methods 

Other methods of analysis used on samples from the Craig Study Area are summarized 
in table 2. 

Analytical results for stream-sediment, heavy-mineral-concentrate, pebble and rock 
samples are listed in tables 3, 4, 5, and 6 respectively. 

ROCK ANALYSIS STORAGE SYSTEM 

Upon completion of all analytical work, the analytical results were entered into 
a computer-based file called Rock Analysis Storage System (RASS). This data base contains 
both descriptive geological information and analytical data. Any or all of this information 
may be retrieved and converted to a binary form (STATPAC) for computerized statistical 
analysis or publication (VanTrump and Miesch, 1977). 

DESCRIPTION OF DATA TABLES 

Tables 3-6 list the results of analyses for the stream-sediment, heavy-mineral- 
concentrate, pebble, and rock samples, respectively. For the four tables, the data are sorted in 
ascending (alpha-numerical) order by the field number. For three of the tables, stream- 
sediment, heavy-mineral-concentrate, and pebble, the field number is plotted on the map 
(plate '1). The rock table has an additional column "map number" which is used for the map 
plot, for greater legibility, instead of the field number (plate 2). Multiple rock samples may 
occur at the same site. Columns in which the element headings show ,the letter "s" below the 
element symbol are emission speckographic analyses; "arbw indicates atomic absorption 
analyses, "inst" indicates continuous flow-cold vapor atomic absorption, and "as" indicates 
fire assay analyses. A letter "N" in the tables indicates that a given element was looked for 
but not detected at the lower limit of determination shown for that element in the tables. If 
an element was observed but was below the lowest reporting value, a "less than" symbol (<) 
was entered in the tables in front of the lower limit of determination, If an element was 
observed but was above the highest reporting value, a "greater than" symbol (>) was entered 
in the tables in front of the upper limit of determination. If an element was not looked for in 
a sample, two dashes (--) are entered in tables 3-6 in place of an analytical value. Because of 
the formatting used in the computer program that produced tables 3-6, some of the elements 
listed in these tables (Fe, Mg, Ca, Ti, Ag, and Be) may carry one or more nonsignificant 
digits to the right of the significant digits. ' The analysts did not determine these elements to 
the accuracy suggested by the extra zeros. The spectrographic determinations for Cd and Sb 
in stream-sedi~~~ent samples were all below the lower limits of determination shown in table 
1; consequently, the columns for these elements were omitted from table 3. 
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TABLE 1.--Limits o f  determination f o r  the  spectrographic analysis o f  rocks, 
pebbles, and stream scdimnts, based on a 10-mg sample 

[The spectrographic 1 i m i  ts o f  determination fo r  heavy-mi neral-concentrate 
samples are based on a 5-mg sample, and are therefore two repor t ing 
i n t e r v a l s  higher than the l i m i t s  l i s t e d ]  

. - 

Elements Lower determination l i m i t  Upper determination l i m i t  

Weight Percent 

Calcium (Ca) 
I r o n  (Fe) 
Magnes i um (Mg) 
Sodium (Na) 
Phosphorus (P) 
T i  tan4 urn ( T i  ) 

Parts per m i l l i o n  

S i  l v e r  (Ag) 
Arsenic (As) 
Gold (Au) 
Boron (8) 
Barium (Ba) 
Beryl  1 ium (Be) 
Bismuth ( B i )  
Cadmium (Cd) 
Cobalt (Co) 
Chromium (Cr) 
Capper ( Cu ) 
Gall ium (Ga) 
Germanium (Ge) 
Lanthanum (La) 
Manganese (Mn) 
Molybdenum (Ma) 
Niobium (Nb) 
Nqckel (Ni) 
Lead (Pb) 
Antimony (Sb) 
Scandium (Sc) 
T i n  (Sn) 
Strontium (Sr) 
Thorium (Th) 
Vanadium ( V )  
Tungsten ( W )  
Y t t r ium ( Y )  
Zinc (Zn) 
Zirconium (Zr) 



TABLE 2.--Conmonly used chcmical wthods 

Iaa  = atomic absorption; i n s t  = continuous flow-cold vapor-aa; as = f i r e  
assay] 

Element o r  Method Determination l i m i t  Reference 
const i tuent  
determined 

- - - -  - -- 

Gold aa 0.05 ppm Thompson and 
others, 1968. 

Mercury (Hg) i nst  .02 ppm Mod i f i ca t ion  
of McNerney - 
an others, 1972, 
and Vaughn, and 
m a r t h y ,  1964. 

Arsenic (As) a a 5 or 10 ppm 0' Leary and 
V i e t s ,  1986. 

Antimony (Sb) ad 2 PPm 
Zinc (Zn) aa 5 PPm 
Bismuth ( B i )  aa 1 PPm 
Cadmium (Cd) aa 01 PPm 
Gold (Au) as 0.001 pnb 
Indium (Ir) as 0.05 ppm 
Pal 1 ad ium (Pd) as 0.001 ppm 
Platinum ( P t ) .  as 0.005 ppm 
Rhodium (Rh) as 0.002 ppm 
Ruthenium (Ru) as 0.2 ppb 



w Table 3. RESULTS OF ANALYSES OF STREAM-KDIIKNT SAWPLES 

I N ,  not detected; c, detected but belou the Limit of determination shown; >, determined t o  be greater than the value shown.1 

Sanple Latitude Longitude Fe-pct. Mg-pct. Ca-pct. Ti-pct. Mn-ppm Ag-ppm As-ppm As-ppm AU-ppm 
s S S S S S S 88 S 



Table 3. RESULTS OF AlULYSES OF STREAM-TCIWENT SMLES--Continued 



Table 3. RESULTS OF AWALYSES OF ST--SEDIENT SAIIPLES--Continued 



Table 3. RESULTS OF ANALYSES OF STREAM-SEDIMENT SAWLES- -Cant i nued 

Latitude Longitude 



+ 
T a b l e  3. RESULTS OF ANALYSES OF STREAM-SEDIMENT SA)IPLES- -Cont i nued 



Table 3. RESULTS OF AULYSES OF S T W - S E D I I I E I T  SAIIPLES--Continue4 I 

Sb- ppl 
aa 

N 
N 
N 
N 

* - 
N' i 

N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 



RESULTS ff ANMY#$ M SfREAM-SEDllEMT W L E S - - C o n t i n u 4  

Lanai tude As- ppm 
S 

Latitude 



Table 3. RESULTS OF ANALYSES OF STREAM-SEDIPENT WLES--Continued 

N - N 
N .  N 
N N 
N ' N  

e5 N 
N N 
N N 
N N 
N N 
5 N 



- 
Table 3. REWLTS OF ANALYSES OF STREAM-GEDIWENT SAIPLES- -Cont irmed 





* 
Table 3. RESULTS OF ANALYSES OF STREW-KDIIENT SWCES- -Contiwed 

Au- ppn 
a8 

- - 
N 

j - -  - * 
I 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N -. 
N 
.2 - - 
N 
N 
N 
N .  
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

U 
N 
* - 
N 
N. 
N 
N 
N 
N 
N .  

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 



Table 3. RESULTS OF M L Y S E S  OF STRW-SEPIIENT SAWLES--Continued & 

Sample Ni-ppnr Pb-ppm Sc-ppn Sn-ppn Sr-ppn V-ppm Y-ppm In-ppm Zn-ppn Zr-ppn Th-ppm Hg-ppm Sb-ppn 
8 s s s s s S .  s aa s s inst aa 



Latitude 

55 38 41 
55 38 49 
55 37 35 
55 38 12 
55 34 44 
55 35 6 
55 37 39 
55 39 58 
55 40 14 
55 41 17 

Longitude 

133 6 29 
133 6 41 
133 1 28 
132 59 10 
132 44 52 
132 45 1 
132 52 30 
132 48 32 
132 53 48 
132 54 58 

N N  
N  N  
N  N  
N N 
N - N  
N N  
N N  
N  N  
N N  

30 N  



Table 3. RESULTS OF ANALYSES OF STREAM-#DIIENT SAMPLES- -Cont i nu& f 



Table 3. RESULTS (JF ANALYSES OF STREAM-SEDIlEllT WWES--Continued 

Zr -  ppm 
S 

50 
50 
50 
50 

100 
100 
50 ' 50 

I 50 
100 

50 
I 30 

50 ' 100 
1 5 0  

50 
50 

100 
70 

100 

Sb- ppn 
a8 

.4 -. 
N 
2 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 



Table 3. RESULTS OF ANALYSES OF ST--SEDIIEYT SAWLES--Continued 
D 

Sample Latitude Longitude Fe-pet. Mg-pet. Ca-pet. T i - p c t .  Mn-ppn Ag-ppn As-ppm As-ppm Au-ppm 
s s s s s S .  s aa s 



Table 3. RESlrLTS OF ANALYSES OF STREAH-SEDIIIEIT SAIQLES--Continued 

Sample Au-ppm 
aa 

300 N 
301 N 
302 N 
303 M 
304 N 
305 N 
306 N 
307 N 
308 N 
309 N 

310 N 
31 1 N 
312 c.05 
313 N 
314 N 
315 N 
316 N 
317 N 
318 N 
319 N 

320 . . 
321 N .  
322 N 
323 . - 
324 N 
325 - - 
326 N 
327 N 
328 N 
329 N 



Table 3. RESULTS OF ANALYSES OF STREAM-SEDIIEIT W L E S -  -Cort inud i 



,* Teble 3. RESULTS OF AMALYSES OF ST--SmIlEWT SUIPLES--Conti& 

S q l e  Lat i tude Longitude Fe-pct. Mg-pct. Ca-pct. Ti-pct. Mn-ppn Ag-ppm As-ppm As-ppm Au-ppn 
8 s s s s s s aa s 



Table 3. RESULTS M ANALYSES OF STREAM-SEDIIEWT SAI1PLES--Contimed 
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Table 3. RESULTS OF AtlMYSS OF STREAM-SEDIWEWT SAWPLES--Continued 



Table 3. RESULTS OF ANALYSES OF HREAW-SEDIYEIT UMPLES--;mtinwd 

Sanple Latitude Longitude Fe-pct. Mg-pct. Ca-pct. Ti-pct. Mn-ppn Ag-ppm AS-ppm As-ppm Au-ppm 
s s 8 s s s s aa s 





Table 3. RESULTS OF 

200 
100 
200 
200 
200 
200 
200 
100 
ZOO 
150 

. H O  
<loo 

100 
100 
150 
100 
150 
100 
100 
150 



Table  3. RESULTS OF ANALYSES OF STREM-SODIIEIT SAWPLES--Continued 

Latitude 

55 3 52 
55 3 35 
55 6 20 
55 5 2 
55 3 12 
55 10 48 
54 51 45 
54 50 42 
54 49 35 
54 49 12 

54 47 48 
54 47 53 
54 47 38 
54 46 55 
54 46 25 
54 47 14 
54 54 18 
54 54 43 
54 55 52 
54 58 5 

Mn- ppm 
s 

1,000 
1,500 
1,000 
2,000 
2,000 
5,000 

500 
2,000 
5,000 
5,000 

2,000 
700 

2,000 
1,000 

~ 5 , 0 0 0  
5,000 

500 
1,000 
1,000 

700 

1,500 
1 ,  GOO 
1,000 
2,000 
3,000 
1,500 
1,500 
1,500 
2,000 
2,000 



Table 3. RESULTS OF AHALYSES OF STREAM-SEDIIIENT SAWLES- -ConCinued . - 
Sample AU-ppn 

88 



Table  3. RESULTS OF ANALYSES OF STREAW-SEDIEUT UIIPLES--Continwd 



t a l e  3. RESULTS OF ANALYSES OF STREAM-SEDIIIEYT SAMPLES--Cmtinued - 

Sample Latitude Longitude 



Table 3. RESWTS W AlULYSES OF STREWI-SEDIIENT SAIPLES--Continued 

co- ppnr, 
s 

,20 
20 
20 
50 
30 
30 
30 
30 
30 

100 



Table 3. RESULTS OF ANALYSES Of STREAM-SODIIWYT SIYPLES- -Continued * 

200 
150 
200 
100 
100 
200 
200 
200 
200 
500 

200 
300 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
300 
200 
300 
200 
200 
200 
300 
200 

200 
200 
300 
300 
300 
300 
200 
200 
200 
200 

200 
200 
200 
200 
200 
150 
ZOO 
200 
200 
200 



J Table 3. RESULTS OF ANALYSES OF STREAM-SEDYIIEII'TT WLES--Continued 

Simple Latitude Longitude Fc-pet. Mg-pct. Ca-pet. Ti-pct. Mn-ppn Ag-ppn As-ppm As-* Au-ppm 
s s s s s s s aa s 



Table '3. RESULTS OF ANALYSES OF STREAM-SEDIENT W L E S -  -Cont inwd rn 

Ba- ppn 
S 



J 

Table 3. RESULTS OF ANALYSES OF ST=-SEDIIIENT SAWLES--Cmt inwd 



Table 3. RESULTS OF AMALYSES OF STREAM-$EDXIWIT SAIPLES--Continued 

Long i t ude Mn- ppm 
S 

N N 
N N 
N N 
N N 
N N 
N N 
N N 
N N 
N N 
N N 

N N 
N N 
N N 
N N 

: N N 
N ' N  
N N 
N N 
N N 
N N 



Tebls 3. PEW-TS OF ANALYSES OF STREAM-SEDIIENT SAIPLES--Continued 



Table 3. RESULTS OF ANALYSES OF Sf--SEDllENT WLEP--Continued 

th-ppm 
S 



I Table 3. RESULTS OF ANALYSES OF STREAM-SEDIKIT SA)IPLES--Contimed 

le Latitude 





Table 3. REsUTS OF ANALYSES OF STREAM-SEDIMYT SAIQLES- -Cant inued 

400 
*I00 
500 
400 
500 

N 
200 
200 
300 
200 

300 
100 
100 
150 
100 
400 
150 
100 
100 
150 

400 
200 
400 
700 
100 
100 
300 
300 
300 
300 

300 
400 
200 
200 
200 
300 
200 
400 
400 

N 

300 
400 
ZOO 
150 
300 
200 
300 
100 
100 
100 

400 
N 

500 
400 

N 
N 

400 
150 
100 
100 

150 
150 
200 
100 
100 
50 
100 
50 
100 
100 

200 
100 
150 
150 
200 
100 
200 
100 
100 
150 

500 
100 
150 
200 
150 
100 
150 
100 
100 
150 

200 
150 
150 
150 
150 
150 
150 
100 
150 
100 

-1 50 
150 
200 
200 
200 
100 
200 
200 
200 
200 

100 
150 
200 
200 
100 
150 
200 
200 
200 
zoo 

N 
N 
N 

<200 
<zoo 

N 
N 
N 
N 
N 

N 
N 
N .  
N 
N 
N 

*200 
N 

~200 
~200 

N 
N 
N 

~200 
N 
N 
N 
N 
N 

, N 

N 
<ZOO 

N 
N 
N 
N 
N 
N 
N 
N 

N 
N 

200 
200 
c200 
200 
~200 
200 
200 
200 

200 
200 
200 
200 
zoo 
200 
200 
200 
<200 
200 



Table 3. RESULTS OF ANALYSES OF STRW-SEDIIEYT WLES- -Cont  inud 

Latitude Lmgi tude 



T e b h  3. RESULTS OF W Y S E S  OF !iTR€M-SEDIENT W L E S - - C o n t i  wed 



Table 3. RESULTS OF WLYSES OF SfREM-S€DIlEIT SAIIPLES--Continued CI 

Sample Ni-ppm 
8 

Sr-ppm 
s 

200 
200 
100 
400 
400 
2,000 
200 
100 
ZOO 
400 

300 
1100 
200 
400 
100 
400 
200 
200 
200 
100 

300 
300 
200 
200 
200 
150 
300 
200 
150 
200 

150 
500 
150 
500 
300 
300 
300 
300 
300 

1,000 

500 
1,000 

N 
1,000 
700 
700 
700 
300 
500 
300 

500 
300 
700 
500 
500 
500 
200 
200 
300 
100 

tn-ppn 
8 

200 
200 
LOO 
200 
300 
200 
200 
200 
200 
200 

200 
200 
200 
200 

' 200 
200 
200 
1200 
200 
200 

200 
200 
200 
200 
200 
*200 
200 
300 
300 
e200 

~200 
300 
200 
200 
200 
200 
300 
c200 
~200 
1200 

<ZOO 
~200 
*zoo 
200. 
200 
300 
<zoo 
e200 
~200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

tn-ppn 
a8 

90 
25 
75 
190 
260 
70 
45 
55 
210 
280 

1 80 
70 
160 
110 
100 
160 
200 
45. 
15 
100 

f5 
25 
SO 
25 
320 
35 
40 
35 
270 
45 

* * 

270 
* - 
95 - - 
200 - - 
55 
7s 
20 

60 
20 
110 
30 
75i 
85 
95 
- * - - - - 
- * 
- * 
- - - .. - - - - 
* - 
950 
190 
320 



C 

T a l e  3. RESULTS OF ANALYSES OF STREAM-SODImNT WLES--Continued 

Sarnple Latitu& Longitude Fe-pct. Mg-pet. Ce-pct. T i - p t .  Mn-plm Ag-ppm As-ppm As-ppm AU-ppm 
s s s s B s s aa s 

.5 2,000 

.3 2,000 
-3  2,000 
. I5 500 
. I 5  2,000 
-3 3,000 
.3 I, ooa 
-3 1,000 
.3 1, so0 
.2 2.000 

-2  1,000 
-5  5,000 ' 

.5 1,000 
-5  >5,000 
.5 1,000 
-7 2,000 
.5 2,000 
-5  2,000 
-5 1,500 
.5 3,000 



Table 3. RESULTS OF ANALYSES OF STREW-SEDIIIEIT SAIIPLES--Continued k 



Table 3. RE;UTS OF ANALYSES OF S'TREM-SEDIIENT UIPLES--Continued 



Table 3. RESULTS OF A N M Y X S  OF STREAM-Sa)IlEYT SAWPLES--Continued 
.L 

Sample Latitude Longitude Fe-pet. Mg-pet. Ca-pet. Ti-pct. Mn-ppn Ag-ppm As-ppm As-ppm Au-ppm 
s s s s s s s aa s 



Table 3. RESULTS OF W I S E S  OF STEM-SEDIIEYT MWLES--Continued 

Au- ppn 
aa 

Co- ppm 
S 

20 
20 
20 
20 
20 
30 
15 
30 
30 
50 



Table 3. RESULTS OF ANALYSES OF STREAM-ScSflEIIT UIPLES- -Continued 

06008 
DGOO9 
DGOlO . 
DGOl 1 
DG012 
DG013 
DG014 
0 6 0 1 5  
DG016,  
0 6 0 1  7 

DG018 
DG019 
DGOZO 
DGO22 
DG023 
DG024 
DG025 
DG026 
D G 0 2 7  
D t 0 2 8  



fable 3. RErATS OF AlULYSES Of ST--SEDIlEYf WLES--Continued 

Smple Latitude Longitude Fe-pet. Mg-pet. Ca-pet. Ti-pet. Hn-ppn Ag-ppm As-ppm A s - p p  Au-ppm 
s s s s s s s aa s 

66007 
GGOW 
66009 
GGOlO 
GGOl 1 
GG012 
66013 
GG014 
66015 
MGOOl 



Table 3. REWLTS OF ANALYSES OF STREAM-SEDIHENT SAIPLES--Continued 

GG007 
GG008 
GGOOP 
GGO 10 
GGOl 1 
66012 
GG013 
GG014 
GC015 
MGOOl 





fable 3. RESULTS OF ANALYSES OF STREW-SEDIMENT SAIIPLES--Continued C 

Sanple Latitude Longitude Fe-pct. Mg-pet. Ca-pet. Ti-pct. Mn-ppm Ag- fpn  As-ppm As-ppm Au-ppm 
8 8 8 8 8 S S aa S 

NS045 
RGOl I 
RGO12 
R G 0 1 3  
RG014  
RG015  
R G O l 6  
RGO17 
R t 0 1 8  
RGOl9 



ISM5 
RGOl 1 
R G 0 1 2  
R G 0 1 3  
RGO14 
RGOlS 
RG016 
RGO17 
RG018 
RG019 

Table 3. RESULTS OF N U Y E S  OF STRUII-SEDIIEYT SAWPLES--Continued 



Table 3. RESILTS OF ANALYSES OF STREAM-SEDIIENT WLES--Continued 

N S 0 4 5  
R G O l l  . 
R G 0 1 2  
RG013  
RG014  
RG015  
R G O l b  
R G 0 1 7  
R G 0 1 8  
RGO 1 9  



T . b b  f. RESULTS OF ANALYSES OF MREUI-SEDIIEWT SAWLES 

Additional Analyses 



Table 4. RESULTS OF ANALYSES OF HEAW-IIIMERAL-CCWENTUTE SAMPLES 0 

I N ,  not detected; <, detected but below the L i m i t  of determination shown; *, determined t o  be greater than the value shown.1 

Sample Latitude Longitude Fe-pct. Mg-pct. Ca-pet. Ti-pet. Mn-ppn fig-ppm AS-ppm Au-ppm 
s S S s 3 s S S 



Table 4. RESJLTS OF ANALYSES OF HEAVY-MINERAL-MIICEYTRATE SAIIPLES --Cortinued 

co- ppm 
8 

20 
10 

N 
N 

200 
N 
N 
N 
N 
N 

Cu- ppm 
S 

10 
4 0  

' 10 
10 
20 
15 
el0 

10 
4 0  
4 0  



Table 4. RESULTS OF ANALYSES OF HEAW-MINERAL-#mUYTRATE SAMPLES --Continued 
C 

Sample Ni-ppn Pb-ppm Sb-ppm Sc-ppn Sn-ppm Sr-ppm V-ppn W-ppm Y-ppn Zn-ppn-Zr-pFm Th-ppn 
S S s s S s s s s s S s 



Table 4. RESULTS OF AWALYSES OF HEAVY-MINERAL-CWCENTRATE SAMPLES --Continued 

Latitude Longitude Fe-pet. 
s 

132 41 15 .7 
132 51 35 .3 
132 43 20 - 5  
132 53 12 1 
132 53 1 .7 
132 52 50 .7 
.I32 51 45 5 
132 7 40 1.5 
132 14 53 .5 
132 12 0 - 5  

132 10 23 .5 
132 11 10 .5 
132 7 20 .7 
132 10 12 .3 
132 10 40 -2 
132 12 30 1 
132 12 20 - 5  
132 15 18 1 
132 19 49 7 
132 18 31 .5 



"* 
fable 4. RESULTS OF ANALYSES OF HUW-IIINERM CONCEWRATE W L E S  --Continucd 

' 



Table 4. RESULTS OF ANALYSES OF HEAVY-MINERAL-CWCENTRATE SAIIPLES --Continued 



r 
Table 4. RESULTS OF ANALYSES LF HEAVY-MINERAL-mXITRATE SAllPLES --Continued 

Sample Latitude Longitude 

TI! 



Table 4. RESULTS W ANALYSES OF HEAW-MINERAL-aMCEYTRATE W L E S  --Continued 

500 
ZOO 
300 

50 
300 
100 
50 
70 
30 

300 



= 
table 4. RESULTS OF U L Y K S  OF HEAVY-MINERAL-UWCENTRATE SAllPLES -Continued 

Sample H i - p p m  Pb-ppm Sb-ppcn Sc-ppn Sn-ppnr Sr-ppm V-ppm W-ppm Y-ppm Zn-ppn Zr-ppm Th-ppm 
S S S 8 S S S S S s .  8 S 

200 
N 

200 
200 
ZOO 

2,000 
1,500 
1,500 

500 
700 



Table 4. MsllLTS OF ANALYSES OF HEAVY-MINERAL-aCEITRA'IE SAMPLES - 

Sample Latitude Longitude Fe-pct. Mg-pet. Ca-pet. T i -pct .  Mn-ppn 
8 s S 8 S 



Table 4, RESULTS OF ANALYSES OF HEAVY-MINERAL-aCENTRATE SAMPLES*--Continued 



.c 

T a b l e  4- RESULTS OF ANALYSES OF HEAVY-MIWERAL-mCENTWTE SAMPLES --C ntinued 

<zoo 
700 
300 
700 

1,000 
1,000 
1,500 
roo 

1,000 
1,500 



fable 4. RESULTS OF WLYSES OF HEAW-MINERAL-COWCEWTRATE W L E S  --Continued 

Sample Latitude Long i t ude 



* 
Table 4. RESULTS OF ANALY#S OF HEAVY-MlllERAL-f3MCEWTRATE SAMPLES --Contin~ed 

cu- ppm 
S 

100 
50 
70 
70 
30 
50 
50 
*lo 
4 0  
30 



Table 4. RESULTS OF ANALYSES OF HEAW-IIIMERAL-JMCEYTRATE W L E S  --Continued 
P 

Sample Ni-ppm 
8 

Sn- ppm 
S 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 



I 

Table 4. RESULTS OF AlULYSES W HEAW-WIERAL-=CENTRATE SAMPLES --Continued 

Smple Latitude Longitude Fe-pct. Mg-pet. Ca-pet. ~i-pct. Mn-ppm Ag-ppm As-ppm Au-~pm 
s s s s S S S S 

N 
N 

ZOO 
N 
N 
N 
N 
N 
N 
N 

300 
roo 
700 
700 
300 
300 
500 
150 
200 
300 



fable 4. RESULTS OF ANALYSES OF HEAVY-WIYERAL-WIICEMTR4TE SAMPLES --Continued 

Sample 6-ppn 
S 

376 200 
377 30 
378 ' 30 
379 1,500 
380 50 
381 500 
382 N 
383 20 
387 50 
388 150 



Table 4. RESULTS OF ANALYSES OF HEAW-HI MERAL-COllCENTRATE SAMPLES --Continued 

Pb- ppm 
s 

300 
*20 
*20 
50 
50 

N 
~ 2 0  

N 
<20 

N 

*20 
<20 

N 
N 
N 

1,500 
N 
N 

200 
100 



Table 4. RESULTS OF ANALYSES OF HEAW-MINERAL-WCENTRATE SAMPLES --ContinuEd 

Sample Latitude Lowi tude 



k 
fable 4. RESULTS OF AMALYSES OF HEAW-HIYERAL-aCEYTRAZ SAllPLES --Continued 

5,000 
2,000 

ZOO 
1,500 
5 , 000 
1,500 

200 
4 0  
*so 
300 



Table 4. RESULTS OF ANALYSES OF HEAVY-MINERAL-COllCENTRATE SAMPLES --Continued J 

Sample Ni-ppn Pb-ppm Sb-ppm Sc-ppm Sn-ppm Sr-ppm V-ppm W-ppm Y-ppm Zn-ppm Zr-ppn Th-ppm 
S 8 s .  s S S s S S S s S 

100 
150 
200 
70 

700 
500 
200 
200 
200 
200 

200 
ZOO 
700 
200 
200 
200 
700 
500 
300 
150 

200 
150 
200 
200 , 

500 
150 
300 ' 

200 
100 
150 



Table 4. RESUtTS OF W I S E S  OF IIEAW-IIIMERAL-COllCEHTRATE SWLES --Continu& 

Sanple Latitude Longitude Fe-pct. Mg-pct. Ca-pct. T i - p e t .  nn-ppn A 9 - F P  .As-Fpr Au-PP 
S S 8 8 S S S S 



Table 4- RESULTS ff ANALYSES M HEAW-MINERAL-COWCEYTRATE S ~ P L E S  --Cont inwd 4 

Sample 8-ppm 
8 

527 30 
528 30 
529 30 
531 300 
532 150 
533 so 
534 30 
535 70 
536 50 
537 1 SO 

cu- ppl 
s 

no- #m 
8 



T l l b l t  4. RESULTS W M Y S E S  OF HEAW-MIWRAL-[#I(XHTRATE SAWLES - - C m t i d  

N 300 
)1 ZOO 
N 100 
N 1,000 
N 150 
N 500 
N 300 
N .  700 
N 200 

, N - 300 



T e b l t  4. RESULTS Di AlULYsES OF UEhW-HIYERhL-eOYCENTRATE W L E S  --Continwd . 
J 

Senpie Latitude 



Tab18 4. RESULTS OF W I S E S  ff HEAVY-MINERAL-ODYaYTRATE SAlQLES --Continued 



Table 4. RESULTS OF W I S E S  OF HVW-UldERAL-mCUITRATE SAMPLES --Conti& x 

N 
N 
N 
N 
N 
N 
N 

20,000 
3.000 
1,000 

500 
10,000 
20,000 

N 
,20,000 

N 
400 

N 
N 

2,COO 

N 
N 

400 
N 

.20,000 
2,000 

N 
*SO0 

N 
N 

N 
N 

.20,000 
3,000 
4 0 0  

N 
700 

N 
N 
N 

500 
<so0 

N 
q500 
400 

N 
c500 

N 
too 
*so0 

400 
2,000 

N 
Y 
N. 
N 
N 
N 
N 
N 







% Table 4. R E W T S  OF 

Sn- ppn 
s 

N 
20 

N 
N 

30 
~ 2 0  

N 
N 
N 
N 

N 
N 

c20 
N 
N 

c20 
N 

100 
N 

<20 

500 
<20 

N 
N 
N 
N 
N 
N 
N 
N 

Zn- #m 
S 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

10,000 
N 
N 

c500 
N 
N 
N 
N 
N 
N 
N 
N 

500 

Sb- ppn 
s 



fable 4. RESULTS OF ANALYSES Of HElrW-MINERAL-mYTRATE W L E S  --Continued Y 

ZOO 



Table 4. RESULTS Of ANALYSES OF HEAW-MIYEW-eOWQWTMfE SAIQLES --Cont i d  



Table 4. R E S T S  OF ANALYSES OF HUW-MINERAL-C(YaYTMfE W L E S  --Continued 

tn-ppn 
s 

300 
200 
ZOO 
300 
300 

70 
200 
300 
700 
300 



"c. Table 4. RESULTS OF A M L ' I S S  Of HEAW-MIYERAL-COY-RATE W L E S  --Contirued 





Sample N i - p n  Pb-#n Sb-ppn Sc-ppn Sn-p~m Sr-ppn V - r n  U-ppn Y - r n  Zn-ppn Zr-p~m Th-ppn 
0 8 S s s s 0 8 s s s s 

N 200 
N N 
Y 700 
N 500 
N 1,000 
N 1,000 
N TOO 
N 1,500 
N 1,000 
N 700 

N 500 
N 200 
N 300 
N 1,000 
N 500 
N ~ 2 0 0  

20 200 
N <zoo 

<20 200 
N Y 

N N 
N Y 
N <zoo 
N 500 
N 700 
N 700 
N 700 
n 1.000 
N 1,000 
N 200 

N c200 200 N 
N 1,500 150 N 
N 2,000 100 N 
N 1,500 200 N 

500 c200 300 N 
N 1,000 300 1,500 
N 1,000 ZOO N 
N 1,000 200 1,000 
N 7,000 200 N 
N 300 70 N 



Table 4. RESJLTS 05 AYALYSES OF HEAVY-MINERAL--YTRATE SAllPLES - - C o n t i w e d  c 

Lat i todc Mn- ppn 
s 

500 
1.000 
1,000 
. 500 
1,000 
500 

1,500 
500 
500 
100 

Au- ppn 
S 

DG034 
DG035 
DG036 
DG037 
06050 
DGOS 1 
06054 
GG007 
GGOll 
66015 





Table 4. RESULTS OF ANALYSES LF HEAW-MIERA&-COYCENTRATE SAMPLES --Continued 

20 300 300 N 200 
N 500 ZOO N 200 
N *200 200 N 200 
N '100 200 N 200 
N 500 200 N 200 

<20 500 200 N 200 
200 200 200 500 500 
70 200 200 u 200 

300 1,000 200 N 100 
U 700 100 N 50 

300 
roo 
700 

N 
N 

1,000 
N 
N 

1,500 
700 

NS031 
NS035 
NS036 
NS038 
NS039 
NS042 
NS043 
NS044 
NS045 
R G O l l C  



*. Table 4. RESXTS OF AYALYSES OF HEAVY-MlHERM-[rlWQYTRATE W L E S  --Continued 

S q l e  Latitude Longitude Fa-pet. Mg-pct. Ca-pet. Ti-wt. Mn-ppn Ag-ppn As-ppm Au-ppm 
S s S s 8 s 8 s 



Table 4. REWLTS OF ANALYSES OF HEAW-MINERAL-ODWCEYTRATE SAWPLES --Continued t 

Cu- ppn 
S 

70 
70 
30 
70 
70 
50 

100 
70 
30 
30 



Tablr 4. RESULTS ff W I S E S  OF HEAW-MINERAL-WWCEUTRATE W L E S  --Continued 



Sample 

Table 4. 

RGOl  l C  
RGOl  2C 
RGO13C 
R G 0 1 4 C  
RGOISC 
RGOl6C 
R G 0 1 7 C  
R G 0 1 8 C  . 
R G 0 1 9 C  
RC320C 

RESULTS OF ANALYSES OF HEAVY-MIIIERAL-aPYTRATE W L E S  

Additional Analyses 



IN, not detectcd; <, detected but k l w  t h t  l i m i t  of d e t c r n i ~ t i o n  shorn: ., detrnnined to be greater than the v a l w  shoun.1 

Sample Latitude Longitude Fe-pct. Mg-pct. Ca-pct. Ti-pet. Mn-#m Ag-ppn As*ppn As-ppm Au-ppn Au-ppn 
s s s s s I s aa s aa 





Tsble 5. RESaRfS OF AnMYgES OF PEBBLE UWPLES--Contir*ml 



T b l e  6. RESULTS OF ;&IS$ ff RO[J: UIIPLES P 

[N, not detected;'*, detected but b l o v  the l i m i t  of d e t e r m i ~ t i o n  shocn; b, determined t o  k greeter than the value shorn.] 

Latitude 

55 30 5 9  
55 30 59 
55 30 59 
55 30 59 
55 30 59 
55 37 35 
55 37 35 
55 37 35 
55 37 35 
55 37 35 

55 37 35 
55 12 50 
55 12 50 
55 11 21 
55 31 3 9  
55 11 7 
55 11 7 
55 29 48 
55 30 18 
55 29 36 

WP 
no. 

1 

2 

3 

4 
5 
6 

7 ' 

8 
9 



frble 6. RESULTS OF AlULYSES OF RO[X SAIPLES--Continued 

83ASH31A 
83GK1 OOA 
83GK1 OOB 
8 3 G K l  OOC 
a3GK1000 
83GK100E 
8 3 G K l O l A  
83GK101B 
83GK101C 
83GK101D 



Table 6. RESILTS OF W I S E S  W Ow0: WP1ES--emtin& 

Pb- p p ~  

S 

N 
N 

10 
N 

20 
15 

N 
10 
10 
15 

N 
20 

N 
N 
N 

30 
20 
30 
10 
10 

Sb- ppn 
8 

N 
u 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 



T a b l e  6. RESULTS OF AYALYSES W R#X SAIIPLES--Cont inued . 

Latitude Long i tude l"aP 
no. 

As- ppm 
S 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 

1,500 
2,000 
~ 2 0 0  

1,000 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N .  



T-ble 6. RESULTS OF ANALYSES OF ROCK SAIPLES--Continued 

Sample Mn- ppn 
s 

200 
3,000 

100 
300 
300 

1,500 
100 

1,500 
700 
700 

300 
1,500 

. N 
N 
30 
20 

*20 
300 
<20 

N 

N 
N 

50 
500 

N 
N 

150 
N 
N 

50 

70 
<20 
ZOO 

N 
N 
N 

1,000 
700 
700 
c20 
500 

2,000 
500 



.L 

$ Table 6. RESULTS OF MLYSES OF llOCI: SAIIPLES--Conti& 

Sample 

84GK003A 
84GK003B 
84GK004A 
8 4 G K O O M  
84GK007A 
84GK008A 
8 4 G K 0 0 8 8  
84GKOOBC 
84GKOWA 
8 4 G K O l l A  



Latitude Longitude mep Fs-pet. MQ-pct. Ca-pet. Ti-pet. Ag-ppn 
M. 8 S 8 8 S 

Au- ppn 
aa 



T h l e  6. RESULTS OF ANALYSES # II# W E S - - C o n t i n u 4  



Table 6. REWLTS OF ANALYSES OF SASPLES--Continu4 



Latitude Longitude map Fe-pct. Hg-pet. Ca-pct. Ti-pet. Ag-ppn As-ppn Au-ppm 
no. s s s s s s s 



Table 6, RESULTS OF 'ANALYSES OF ROElI WLES--Continued 

Sample 0-ppm Be-ppm Be-ppn Bi-ppm Cd-ppn Co-ppm Cr-ppn Cu-ppn La-ppm Hn-ppm No-ppm Nb-ppn 
S S s s S s s s S S S s 



Table 6. RESULTS OF AUALYSES ff ROQl WLES--Continued 



83GK100A 
83GK1008 
83GK1 OOC 
836K100D 
83GK100E 
84GK020A 

, 8bGKO20B 
84GK020C 
8 4 G K 0 2 0 0  
CILGKOZOE 

Au- ppn 
as 

A d d i t i o m l  Analyses 

Pd- 
as 

-7  
7 

10 
10 

,005 
N 
N 
N 
N 

c .  002 

5 
1.5 

LO 

Senpl e 
weight (gnrs.1 


