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DRILLING AND SAMPLING TERTIARY GOLD-BEARING GRAVELS 
AT BADGER HILL, NEVADA COUNTY, CALIF. 

by 

Russell R. Mclellan, T Richard D, Berkenkotter, 1 Richard C, Wilmot, 1 

and Robert L. Stahl 2 

ABSTRACT 

As part of an effort to develop new or improved placer mining technology 
in the Tertiary gold..:bearing channel gravel of northern California, the Bureau 
of Mines conducted investigations at the old Badger Hill placer mine in Nevada 
County, Calif., to collect data and information regarding drilling and 
sampling methods and deposit characteristics. 

Sampling studies involved the collection and processing of 400 tons of 
large-and small-volume samples from drill holes, underground workings, surface 
pits, and blasthole rouhds. A total of 355 samples averaging 2,296 pounds per 
sample provided reasonably accurate data for analysis of the gold distribution. 
These studies indicated that the bulk of the gold is within 40 feet of bedrock 
in stacked, lenticular zones of cemented gravel that are largely confined to 
the relatively narrow, meandering course of the deepest portion of the bedrock 
channel . 

Drilling studies involved the testing of truck-mounted rotary, bucket, 
and vibratory drills, none of which proved to be a completely versatile tool 
for sampling quickly and reliably both consolidated and unconsolidated gravel. 

INTRODUCTION 

To meet the national requirements for increased domestic gold production, 
the Bureau of Mines, under the aegis of the Heavy Metals Program of 1966-70, 
conducted a nationwide search for favorable gold-bearing deposits. Prelimi­
nary investigations indicated that the innnense Tertiary channel gravel 
deposits of California (l, f) contain one of the largest reserves of gold in 
the United States; reserves that might be d.eveloped rapidly with the applica­
tion of new or improved placer mining technology. The Badger Hill Deposit in 
Nevada County, Calif., was sel~cted as a typical and convenient site for 
Bureau of Mines research groups to conduct surface and underground investiga­
tions in the Tertiary channel environment. 

1 Mining engineer (now with Mining Enforcement and Safety Administration, 
Denver, Colo.),

2 Geologist (now with Denver Hining Research Center, Denver, Colo.) 
3 Underlined numbers in parentheses refer to items in the list of references 

preceding the appendix. 
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Five Bureau of Mines research centers and laboratories participated in 
mining subsystem studies at the old Badger Hill hydraulic mine, Nevada County, 
Calif., to identify the problem areas requiring innnediate solution to 
stimulate gold mining in these extensive gravel deposits. The original objec­
tive of the program was to delineate a segment of a typical Tertiary channel 
and then conduct intensive mining research, followed by demonstration mining. 
Reduced funding and subsequent reorientation of the work resulted in the 
emphasis being shifted towards research within the problem areas that were 
encountered for each mining subsystem. The demonstration mining stage of the 
project was eliminated. 

Deposit delineation activities under the Denver Mine Systems Engineering 
Group were oriented to accomplish the following objectives: (1) Determine 
the vertical and horizontal distribution of the gold particles; (2) test and 
improve drilling and sampling equipment and techniques; and (3) provide 
drilling support for geophysics studies. 

Sufficient sampling data were obtained to verify that a relatively normal 
placer gold distribution exists in the Badger Hill segment of the San Juan 
Ridge channel. The drill-sampling investigation indicated that the drills 
tested by the Bureau of Mines were incapable of providing reliable samples of 
the deep, cemented gravels; however, the rotary drill was found to be essen­
tial for rapid probing to bedrock in support of the seismic technique that was 
developed to establish bedrock configur~tion. 

Througnout this report, sample results are presented in terms of milli­
grams of gold per cubic yard (mg/cu yd) of in-place gravel and milligrams per 
ton (mg/ton) of dry gravel. Density tests place white gravel at 2,700 pounds 
per cubic yard (lb/cu yd), red gravel at 3,570 lb/cu yd, and blue gravel at 
3,900 lb/cu yd. To assist with the task of converting from milligrams to the 
currently fluctuating value of gold, the following items of information are 
presented: 

1. 31,103 mg is equal to 1 troy ounce. 

2. Current price of gold per troy ounce divided by 31,103 is equal to 
the current value of 1 mg of gold at 1,000 fine. 

3. The value in item 2 multiplied by 0.9 is equal to the value of 1 mg 
of gold at 900 fine. 

All Badger Hill sample results are presented in milligrams of gold at 
900 fine unless otherwise stated. 

ACKNOWLEDGMENTS 
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this study and for allowing the drilling and sampling to be done on .their 
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LEGEND DESCRIPTION OF BADGER HILL _,,___,. 
SITE AND DEPOSITTertiary river 

channel 

0 10 20 The.Badger Hill deposit 
I - I is on the west slope of the 

Sierra Nevada Mountains, in 
Nevada County in northern 
California, approximately 
12 miles due north of the 
town of Grass Valley and 

Index map 6 miles west of the huge 
Malakoff pit (fig. 1). The 
area may be reached by 
traveling northwest from 
Grass Valley on State 
Highway 49 for approximately 
20 miles, then northeast on 
Tyler Road for 5 miles, then 
north on a dirt road about 
1-1/2 miles to the project 
site, located in sec. 36, 
T 18 N, R 9 E. The famous 
hydraulic pits of North 
Columbia and Malakof.f (,2.-§), 
among the largest in the 
Sierra Nevada, are located 
a few miles to the east 
(fig. 2). In dry weather, 
access to the area is 
excellent; however, during 
the rainy season the dirt 
road leading to the site 
often is excessively muddy. 

FIGURE 1. - Location of Badger Hill and Malakoff p•its, 
San Juan Ridge, Nevada County, Calif, 

The deposit is perched 
on San Juan Ridge from 700 
to 900 feet above and 

between the Middle and South Yuba Rivers. Approximately 5,000 feet of the 
north end of the deposit was mined hydraulically (l) in two benches prior to 
1884, creating a mile-long pit known as the Badger Hill diggings. A vertical 
bank of gravel approximately 120 feet high separates the lower from the upper 
workings. The lower pit was hydraulicked to bedrock, laying bare about 
2,000 feet of the channel bottom. Total relief in the pit area is about 
360 feet; the altitudes range from 2,340 feet in the lower pit to about 
2,700 feet on the high point of the upper bench (fig. 3, in pocket). 

Exploitation of the Badger Hill deposit and of all other similar deposits 
in northern California by large-scale hydraulic mining ceased in 1884 because 
of legal restrictions placed upon the disposal of debris (~). Production 
figures are not available for the Badger Hill diggings, although the pit size 
indicates that several million cubic yards of gravel were removed prior to 
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FIGURE 2. - Tertiary channel and major hydraulic pits on San Juan Ridge, Nevada County, 
Calif. 

1884. According to a surrnnation of several earlier reports (~), a reserve of 
7,700,000 cubic yards of red and blue gravel is exposed in the pit area at 
Badger Hill. The total Badger Hill deposit is estimated to contain approxi­
mately 76,900,000 cubic yards of gravel. Detailed information concerning the 
Badger Hill deposit is lacking, although early engineering reports (5, 7, 9, 
.!.!) are available describing the mining, sampling, and reserves of the bulk of 
the channel on San Juan Ridge. 

The Badger Hill test site is at thP west extremity fa 6-mile-long 
segment of Tertiary channel fill that ran6<2 s in depth L :om about 250 feet at 
Badger Hill to about 500 feet at the eastern end of t h~ segment. The channel 
width ranges from 1,200 feet at Badger Hill to approximately 7,000 feet about 
3 miles to the east. 

The fill is classified into upper and lower gravels. The upper gravel 
contains abundant milky-white quartz pebbles interbedded with large amounts of 
sand and clay. This material is well exposed in the walls of the hydraulic 
pit and normally comprises the bulk of the channel fill in undisturbed areas. 
See figures 4 and 5 (fig. 5 in pocket) for geologic cross sections through the 
Badger Hill pit. For explanation of profiles AA', BB', CC', and DD', see 
figure 3 (in pocket). Within the lower gravel, two units are recognized as 
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blue gravel and red gravel. The coarse, poorly sorted blue gravel -that 
connnonly fills the bottom of the channel is blue-gray in color below the water 
table, carries secondary sulfides, and normally is cemented. The overlying 
red gravel contains few boulders, is better sorted, is stained reddish-brown 
by iron oxide., generally lacks sulfides, and is well compacted but not 
cemented. 

Approximately 80 percent of the gold occurs in the blue gravels near 
bedrock. The remaining 20 percent is distributed erratically throughout the 
red and white gravels from the ground surface to the blue gravel contact and 
from bank to bank in the channel fill. 

DRILLING AND SAMPLING DELINEATION COMPLETED BY THE BUREAU OF MINES 

The original drill-sampling and trench-sampling projects were designed to 
determine the suitability of the Badger Hill deposit for demonstration mining. 
If results were favorable, the drilling and sampling projects were to provide 
sufficient delineation data (vertical and horizontal distribution of gold and 
material types, bedrock configuration and depth, and accurate topographic 
control) to develop a detailed three-dimensional physical model of the deposit, 
which would be used to develop an optimum mining system. 

Reduction of funding resulted in the elimination of de tailed drilling 
that would more firmly establish the distribution o f_ t he gold; however, 
sufficient drilling and sampling were accomplished throughout the deposit to 
determine the various weaknesses and advantages of the equipment and tech­
niques employed and to verify certain concepts regarding the distribution of 
gold. 

Sample processing facilities were established at Badger Hill to concen­
trate large- and small-volume gravel samples at the site. Equipment included 
a large-volume sample concentration plant designed and built by the Bureau 
(figs. 6-7), and complete ancillary power, loading, pumping, sampling, and 
transportation equipment and facilities. Large-volume samples from the upper 
gravels were obtained with a bucket drill equipped with a 30- or a 36-inch 
bit. Small-volume samples from the cemented gravels were obtained with a 
standard-type rotary drill equipped with 4- to 5-inch button bits. The most 
significant use of the rotary drill was to quickly determine the depth to 
bedrock in support of the geophysics portion of the delineation studies. 

Samples not classi-fied as drill hole samples were collected from hand­
dug pits or selected from batches of cemented gravel that was fragmented by 
blasting at underground and surface test sites. 

Samples were comprised of hundreds or thousands of pounds of gravel, and 
normally produced up to 25 pounds of concentrate that might contain from a few 
dozen to many hundreds of gold particles or colors ranging in size from micro­
scopic specks to flakes 3 nun or more in diameter. The r~latively large 
amounts of concentrate and gold per sample req~ired the adaptation of field 
evaluation and recording techniques that differed from those employed for 
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FIGURE 6. - Loading gravel into sample plant. 

standard churn drilling samples (1) , which normally produce a few ounces of 
concentrate and a few easily counted particles of gold. 

Concentrates from Badger Hill were panned down to an average of 
2.5 pounds per sample, from which all but the smallest particles of gold 
(minus 100 mesh) were removed for counting prior to amalgamation. Often large 
numbers of the smaller particles could not be included in the color count, 
thus explaining some apparent discrepancies between the color count and the 
total weight of the gold recovered by amalgamation. For -examples of such 
discrepancies in the drill hole sample data, see appendix table A-4. 

Another apparent discrepancy will be noted in the comparison of sample 
volumes and sample weights as recorded in table A-1. For a constant sample 
volume, the sample weights often vary considerably as a result of the 
relative amounts of clay, sand, gravel, and cobbles in each sample. Samples 
that contained a high percentage of clay and sand invariably were many pounds 
lighter than samples of equal volume that contained a high percentage of 
gravel and cobbles. 
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FIGURE 7. - Washing concentrate from tilting riffle box, 

An a utomatic tailings sampler was an integral part of the concentration 
plant. Except for isolated instances, gold loss in the tailings was found to 
be n eg li g ible. Processing of tailing samples also indicated that flour gold 
was not adhering to the black sands and that gold was in no way chemically 
associ a t ed with the heavy waste materials. 

Ta bl e 1 p r esents a resume of all types of drilling and sampling completed 
within the scope of the delineation studies. The drill holes and correspond­
ing samples are classified according to type, location, or task. Bucket drill 
sample numbers ar e prefixed with the letter Band rotary drill sample numbers 
a r e prefixed with the letter C in table A-1. As indicated in table A-1, 
several holes were started with the bucket drill and samples were collected to 
the cemented gravel, from which depth a rotary drill was used to penetrate to 
be drock . Ho le locations are indicated in figures 3-5 (figs. 3 and 5 in 
pocket) . 
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TABLE 1. - Resume of drilling and sampling at Badger Hil l 

Number Number Total dry Total Average weight 
Sample type of of weight, lb footage per sampl e , lb 

holes samples 
Bucket drill . .......... .... . . 16 160 601, 744 760.9 3,760 .9 
Rotary drill . .. . ............. 11 21 30,069 1,171.0 1,431.8 
Blas thole .................... 12 11 11,031 431.1 1,002.8 
Hydro logy hole ..... .. . ...... . 5 10 27,538 962. 0 2,753 . 8 l
Measured pit : ! 

"AII series ................. ( 1 ) 5 I 13,675 (1 ) 2,735.0 
"P" series . ... . . . . .. ... ... . ( 1) 15 I 1,568 (1 ) 2,104.5 

Stratigraphic ... . ...... . ..... ( 1 ) 13 2,084 i ( 1 ) 173 . 6 
Adit round ... ... .... ..... . ... ( 1) 38 91,122 ( 1 ) 2,398 . 0 
Toe bulk .... . ... . ... ..... .. .. ( 1 ) 7 20,292 ( 1 ) 2,898.8 
Bedrock drift (winze) ... ..... (1) 3 302 ( 1 ) 100.6 
Upper level drift (raise) .... ( 1) 9 428 ( 1 ) 47. 5iFace: 

Lower bench .... . . .... . . .. .. ( 1 ) 55 I 440 (1) 8.0 
Lower bench select . . ..... .. ( 1 ) 2 l i022 ( 1 ) 811. 0 

Co re (bedrock) .. .. ........... (1 ) 6 ( ) 45.9 c3) 
Vibratory drill holes ... . ... . 13 ( 2 ) ( 2 ) 180 . 0 · (') 

Total ................... 57 355 801,3 15 3_L?5 0. 9 2,296.0 
1 Samples were obtained by means other than drilling.
2 No samples were collected . 
3 Weight not recorded . 

Blasthole samples were obtained from two rows of surface holes (fig. 3) 
that were drilled in a prepared bench of blue gravel. The sample numbers 
correspond to the hole numbers and have a prefix of BL in table A- 1 . 

Five hydrology test holes were rotary drilled and two samples were 
collected from each hole. The holes are listed as A, B, C. D, and E (fig. 3) 
and the corresponding samples are pref i xed with the letters HH in table A- 1. 

One ventilation hole, VH-1 (fig. 3) was rotary drilled from the surface 
to the depth of the underground workings to provide additional air to the test 
rooms. One sample was collected and is recorded as C-14 in table A-1. 
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LEGEND 
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Drill • hole 

8. 
Triangulation station 

FIGURE 8. - Location of large- and small-volume pit 
samples and holes 12A and 12B prior 
to surface blasting. 

Measured pit samples 
from pits 1-5 (fig. 8) were 
cut at the start of a 
sampling project to test 
statistically the reliabil­
ity of large-volume samples 
versus small-volume samples. 
Early termination of the 
program prevented completion 
of this project; however, 
the sample results of five 
1-cubic-yard samples 
(A samples) and 15 0.75-
cubic-foot samples (P sam­
ples, fig. 9) are presented 
in table A- 3 according to 
pit number and sample number. 

A series of strati­
graphic samples (figs. 3 
and 10) were cut in a 
vertical face of red gravel 
near the edge of the lower 
bench. The results, 
prefixed with the letter T, 
are given in table A-3. 

Adit round samples are 
bulk grab samples that were 
collected underground after 
blasting each drill hole 
round while driving the test 
rooms (fig. 11). The sam­
ples are prefixed by the 
letters AR in table A-2. 

Toe bulk samples are 
bulk grab samples that were 
obtained from the toe of 
each of the two masses of 
fragmented blue gravel 

produced by surface bench blasts (fig. 12). The samples are prefixed by the 
letters TB in table A-3. 

Bedrock drift samples (fig . 11) were cut from blue gravel in the floor of 
the southeast-trending drift at the bottom of the winze in the Badger Hill 
adit. The samples are identified in table A-2 as bedrock drift samples 1-3. 



11 

- 5- L 
P-5-F 

\ 17 
Rood 

A N 

Face 

Lower bench 

::,.,, wE "'< 

P-5-L 
P-3- L P-4 -L P-5 - F 

- 2-L P-3-F 4-F P-5-R 
-2-FB P-3-R P- 4-R
-2-R 

I 

-2 

r Rood 

\ 
0 10 20 

Scale, feet\ --

FIGURE 9. - Deta i I of large- and sma I I-volume pit samples. 

C 



12 

West 

Triangulation 
station No. 12 

Lower bench Sample 
face Coarse grovel with iron-stoine 

.. 2430 
2ft sandy cloy-some large cobbles 6"-8"{ 

coarse sandy lens bottom 6"- brown 

"' "' .... 3 ft { Coarse grovel with coarse iron-stained pebbles 
and coarse sand lenses up to 6" th ick-brown 

z 
0 

1-
3 ft { Coarse grovel with 

pebbles and small 
sandy cloy-some 
cobbles-brown 

iron-stained 

<X 
> 
w 
...J 

2 ft { Coarse iron - sto ined 
and small cobbles 

sand with scattered pebbles 

w 
2420 

7 ft { Coarse grovel with 
cloy-some cobbles 

coarse sand 
6"-brown 

and iron - stained 

Cemented and compacted 
1 ft grovel-hard-brow 

Floor of cut 

2410 O 
10 20 30 40 50 

DISTANCE, feet 

FIGURE 10. - Location of stratigraphic samples, 

Upper-level drift samples (fig. 11) were cut from blue gravel in the 
walls of a short drift off a 20-foot raise in the right wall of the Badger 
Hill adit. The samples are identified as upper level samples 1-9 in table A-2. 

A total of 55 samples were cut at intervals of from 10 to 20 feet along 
700 feet of the old working face of the lower bench to provide a 
reconnaissance-type evaluation of the distribution of gold near the contact of 
the red and blue gravels. The samples were approximately 1/10 cu ft in volume 
and averaged 8 pounds in weight. Ten samples contained no visible gold and 
were scattered at random along the face. Forty-five samples contained color 
counts ranging from 1 to 17 per sample with two zones of higher gold concen­
tration appearing 100 feet and 200 feet north of the adit site (fig. 3, in 
pocket). 

Two select samples were cut from the face of the lower bench. The first 
was cut about 10 feet above the portal of the adit to check the surface 
exposure of a zone corresponding to that sampled in the upper-level drift 
(fig. 11). One cu ft of gravel contained 65 mg of gold. The second select 
sample was cut to check one of the zones of high gold concentration detected 
by the reconnaissance sampling along the face. One-third cu yd of gravel 
contained 45 mg of gold. 
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LEGEND 

® 
Sample number, upper level 

® 
Sample number, bedrock drift 

AR-2 
Sample number, adlt and roam 

Note : assay values are in mg 
Au /cu yd of in- place grovel 

20 40 

Scale, feet 

N 

Winze 

FIGURE 11. - Location of underground samples , Badger H ill odit. 

Six short core holes wer e drilled into bedrock from the bottom of six 
rotary drill holes to provide core samples of rock types for the geophysics 
studies conducted by the Bur eau of Mines (_!1) and the Geologica l Survey (LQ) . 
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An experimental vibra­
tory drill was utilized to

.N drill 13 shotholes for 
seismic measurements (13). 
No samples were collected 
from t his drilling . 

·area All concentrate from 
the above - described samples 
(table 1) was processed by 
amalgamation and cyanidation 
at the Bureau's Salt Lake 
City Metallurgy Research 
Center, and the recovery of 
gold at 900 fine is 
presen t ed in tables A- 1 
through A- 4. As indicated 
in the total gold column of 
table s A- 1 through A-4, the 
amount of gold recovered 
during amalgamation can be 
increased by cyanidation of 
the amalgam residue . 

DISTRIBUTION OF GOLD 

A systematic study of 
LEGEND- the distribution of gold in 

Toe bu lk samp le the Tertiary channel from 

\. Scole,feet 
·.. ,Cont our In t er va l 25 fe et 

•Blast hole 

8 
Triangulation sta tion 

the Badger Hill pit to the 
North Columbia pit is 
incomplete because of the 
lack of churn drill holes 

FIGURE 12 . - Location of toe bulk samples and blast at Badger Hill; however, the 
holes, open pit test area . several types of samples 

taken at all depths by 
Bureau personnel in 1968 - 69 provide sufficient data to establish several 
general c onclusions concerning the vertical and horizontal distribution of 
gol d and the p hysical characteristics of the gold particles within the three 
readily identified zon e s known, from upper to lower, as the white , red, and 
blue g rave ls . 

White Gravels 

An indication of the distribution and size of the gold particles found in 
the upp ermost 90 feet of the white gravels at Badger Hill was determi ned from 
33 samples o btaine d from bucket drill holes 10, 11, and 14 (fig. 3, in pocket ). 
The sampl e s were cut at 5 - foot intervals and totaled 11,528 pounds of gravel 
for an average of 3,379 pounds per sample (table A- 1). Twelve stratigraphic 
samples cut from the upper 100 feet of white gravels at the North Columbia p it 
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provided a preliminary check of the gold distribu tio n f or t ha t s ection o f t he 
channel. 

The 111,558 pounds of upp e r whit e gravel s cont a ined on ly 5.5 perc e n t of 
plus 1/8 - inc h material, mo s tly quartz p ebbles, and containe d an average of 
22.2 mg /cu y d of gold. Gold content o f the samp l e s rang ed f rom 3 . 2 to 
89 . 1 mg /cu yd (2.4 to 64.8 mg /ton) . Th e f ol l owing sieve anal ysi s i s believed 
to be representative of the go ld p a r t icl e si ze d i str i bution in the uppe r 
100 feet of white grave l at both the Badge r Hi ll and No rt h Co l umbia depos i ts: 

Particle si z e We i gh t - e er c e nt 
Minus 20 me sh . . . . . . ... . .. .. .... . 0 
Minus 20 pl u s 40 mes h . . .... . . . . . 2 
Minus 40 pl u s 60 mesh . . .. .. . .. 5 
Minus 60 plu s 80 me sh .. . . . . . . . . . 11 
Minus 80 plus 100 me sh . . . . ...... 1 2 
Minus 100 mesh .. . .. . . .. ... . .. . . . 70 

Compos i te . . . .. . . . ... . . .. . .. 100 

Under the micros cop e , the go ld parti cl es from the white gravels (fig . 13) 
appear to be cl e an a nd have a h i gh perc en tage of s l igh t l y f l atten ed pa r ti cl es 
rath er t h an a pre dominance of f lakes ba t tered t o paper t hinness as 
c haract e ri zed by the gold foun d deep er in t he channel . Many part i cles ap pear 
to b e r emnants of wire go l d, and s ome are n ea r ly spherical. The gold i s not 
suff i ci entl y worn to have acqu ire d t he smooth , dull patina that is noticeable 
on f lake s from the blue grave ls. 

All of t he go ld from the wh it e g r avel s exh i bited a marked ten dency to 
f loat if b r iefly e xpo sed t o ai r while p anning . The addition of a small amount 

of detergent to the water while 
con cen t r ating these gra vels was 
essent i al to prevent a loss of 
gold . As noted by t he s i eve 
analysis, 70 perc ent of the 
gold p a ss ed through a 100 - mesh 
screen, t hus approaching flour 
gold particle size, which i s a 
diffi c u lt product to recover in 
a large - scale placer opera t ion. 

.. Clay an d san d lenses 
within the wh it e gravel zone 
conta i n the smallest amount of 
gold. The concentrates of 
some samples from t hese lenses 
conta i ned no vi si ble gold. 
This o ccurrence app ears to be_L 
uniform throughout t he depositr and i s indicative of a low­

0.25 mm velocity current from which 
even t he s malles t p a rticles ofFIGURE 13. - Gold part icles from white grovels, 

Badger Hill. 
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gold normally are dropped prior to the deposition of the sand and tlay. 
Table 2 contains analyses of twelve 10-pound samples from a vertical section 
of the upper white gravel zone at North Columbia, illustrating the influence 
of an abundance of sand and clay on the gold particle or "color" count per 
sample. 

TABLE 2. - Analyses of 12 white gravel samples 

Sample Estimated composition, percent Number of gold Gold weight, 
Clay Sand Gravel particles mg 

1 80 20 0 0 0.0 
2 70 30 0 2 Trace 
3 25 70 5 6 .4 
4 10 85 5 5 .3 
5 15 75 10 2 .9 
6 10 90 0 0 .0 
7 5 80 15 1 .5 
8 40 60 0 0 . 0 
9 10 80 10 1 .4 

10 10 80 10 2 1.1 
11 30 70 0 0 .0 
12 40 58 2 3 Trace 

Of the four samples in the above series that contained no visible gold, 
none contained gravel. Of five samp le.s that contained no gravel, only one 
contained visible gold. This relationship is further exemplified by the gold­
sand-clay ratio in the bulk samples . Samples having a high percentage of 
minus 1/8-inch material generally contained less gold than those having a 
relatively low percentage of minus 1/8-inch material, providing that the sam­
ples all are from the same stratigraphic zone. Such comparisons must be made 
within one of the three zones and not between zones, as a sand or clay lense 
near bedrock possibly will contain several cents in gold per cubic yard--an 
amount that might equal or exceed that of the most favorable material high in 
the white gravel zone. 

Horizontal distribution of the gold is highly erratic in the white 
gravels. Sampling by the San Juan Gold Co. (_!1) and the Bureau of Mines 
indicates that minor concentrations of gold exist across the entire width of 
the areas tested, as might be expected from deposition in a braided stream 
environment. A red clay zone forming the original ground surface provided the 
most difficult samples to concentrate in the Bureau sample plant. The addi­
tion of a measured weight of cobbles to a sample normally weighing from 800 to 
1,000 pounds reduced the scrubbing time from 60 or more minutes to about 
30 minutes to free most of the gold from the clay. 

Red Gravels 

A total of 192 samples from 13 bucket drill holes and 32 pits provided 
508,143 pounds of gravel from the central or red gravel zone at Badger Hill. 
The bucket drill holes were spotted in the floor of the middle bench (fig. 3, 
in pocket) and were extended to the contact of the highly compacted blue 
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gravel that usually stopped the drilling advance after a few inches of penetra ­
tion. A perched water table rests upon the contact of the red and blue 
g r avels. The thickness of the red gravel zone ranges from 20 to 80 feet in 
the area tested. 

Gold particle size and the amount of gold per cubic yard increased 
noticeably from the white to the red gravels, although the changes probably 
are gradational. In the white gravel zone, bucket drill hole samples yielded 
an average of 22.2 mg/ton of gold (30 mg/cu yd) at 900 fine; and in the red 
gravel zone, 490,816 pounds of bucket drill hole samples yielded an average of 
43 .5 mg/ton (58.8 mg/cu yd) at 900 fine. Plus 1/8 - inch material increased 
from 5 .5 percent in the white gravel to 46 percent in the red gravel . 

The following sieve analysis is believed to be representative of the gold 
particle size distribution for the red gravels at Badger Hill: 

Particle size Weight:.E_ercent 
Plus 20 mesh . . ........ . .. .... .. . 0 
Minus 20 plus 40 mesh ..... . .. .. . 36 
~l inus liO plus 60 mesh .......... . 33 
Hinus 60 plus 80 mesh .......... . 17 
Minus 80 plus 100 mesh . ...... .. . 5 
Minus 100 mesh ... . ....... .... . . . 

Composite ................. . 100 

Approximately 20 percent of the gold particles observed from the red 
gravels were coated with iron oxid e or with an uni den tified translucent mate ­
rial t hcit someti,ne s completely encased the fl:i kes . Both types of coatings 
will i n fl1: e nce the efficiency of recovery by ;J;,: ·.~lgamation unless ,;c-.::u b bing ·i.s 
employed ahead 0£ the recovery unit . Ten minuL~c of scrubbing in the Bureau 

S d.•np! o. plant normally was suf­
fici c·,; : to remove the coating 
and to brighten most of the 
rust y gold. Much of the gold 
will float readil y if allowed 
to become dry or greasy at any 
s tage of the recovery operation. 

As indicated by the sieve 
analysis, the gold flakes 
generally are larger in size 
than those from the white 
gravels and are characterized 
by a thin, flat, pancake 
appearance (fig. 14). A few 
rough and sometimes spherical 
particl es were observed in most 
o f the samples, possibly 
indicating more recent libera­
tion and less battering through 
transportatio n.FIGURE 14. - Gold particles from red gravels, 

Badger Hill. 
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Sample data (table A-1) indicate that no concentration of gold exists at 
the contact of the unconsolidated red grave ls and the highly compacted or 
cemented blue gravels. Although the transition from one zone to the other 
often is sharply defined, the contact apparently did not materialize in time 
to serve as a false bedrock. 

As noted in the white g ravels , the least favorable zones for the concen­
tra tion of gold are those having a high content of clay and sand. The strati­
graphic section (fig. 10, table A-3 ) illustrates the selective occurrence of 
gold in several feet of red gravel , sand, and clay. The horizontal distribu­
tion also appears to be similar to that in the white gravels whereby minor 
concentrations of gold were found across the full width of the areas tested. 

Blue Gravel s 

Unoxid i zed or blue gravels cover the deepest portion of the channel to 
known depths rang ing from 118 to 138 fee t along the trough at Badger Hill and 
from 100 to 250 feet along the trough at No rth Columbia. This zone is 
characterized by a distinctive gray-blue color, high density, and a relatively 
high percen tage of large boulders within 20 feet of bedrock. The material is 
highly compact ed and usually is tigh tly cemented, requiring drilling and 
blastin g for primary fragmentat ion. 

Approximately 80 percent of the total gold content of the channel deposit 
is believed to b e confined to the blue gravels. Sampling data developed by 
the Bureau of Mines tend to confirm the earlier work at the North Columbia 
deposit (_!1), which indicate that most of the gold is concentrated to the 
lower 40 feet of blue gravels, but not necessarily resting directly upon 
bedrock. Approximately 50 percent of the richer concentrations of gold in the 
tested areas at Nor th Columbia are from 5 to 30 feet above bedrock. Figure 15 
illustrates the tendency for the gold sometimes to concentrate in multiple 
l e nses above bedrock. This type of occurrence was noted and described by 
L indgren(~, p. 66) and Munro (2, p. 28) at the time that many of the deposits 
we re being mined. 

The Bureau of Mines collected 154,266 pounds of blue gravel comprising 
92 samples from 33 drill holes, from 38 adit· blast rounds, and from 20 pits and 
cuts. Seventy -seven percent of this material was retained on the 1/8-inch 
screen of the sample plant, indicating a 31-percent increase of coarse mate­
rial over that of the red gravels. 
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KEY 

Drill hole Drill hole Drill hole 

0-444 mg 
Ground surface Au/cu yd 

t1/ffi'.l 
444-888 mg 

Au/cu yd 

888-1,777 mg 
Au/cu yd 

l j,• L,r t}
7 h 1A ~ 

1,777-4,443 mg 
Au/cu yd 

~ 
4,443-8,887 mg 

Au/cu yd 

&\\\\\\'J 
Above 8,887 mg 

Au/cu yd 

25 0 50 

Scale, feet 

FIGURE 15, - Portion of drill hole fence illustrating occurrence of multiple zones of high gold 
concentration above bedrock, North Columbia pit., Nevada County, Calif. 

The average gold particle size and value per unit of gravel incr e as e d 
noticeably in the samples of blue gravel. The following sieve analyses are 
believed to be typical for go ld from the blue gravel zone at the Badger Hill 
deposit: 

Particle size Weight - perc ent 
Plus 20 mesh .... .. ...... ... .. .. . 24. 7 
Minus 20 plus 40 mesh ... .. ..... . 48.2 
Minus 40 plus 60 mesh ... ..... . . . 19 . 2 
Minus 60 plus 80 mesh .... . .. . . . . 7.7 
Minus 80 plus 100 mesh . ..... .. . . .2 
Minus 100 mesh ... ... . .. . ....... . .0 

Composite . ........ . .... . .. . 100.0 

Approximately 50 percent o f the gold particles still were coated with 
varying amounts of blue - black material after from 5 to 10 minutes of scrubbing 
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in the Bureau sample plant. 
This amount of scrubbing time 
was sufficient to separate the 
gold from the pulverized gravel, 
but insufficient to thoroughly 
clean the gold flakes. .~\ ,.... Gold particles at thi s 
depth normally are flat,

•' • relatively smooth flakes, often 
of irregular shape and having a.... 

l noticeab.ly dull luster.. ~ 

(fig. 16). An occasional rough 
or nearly spherical particl e• 
was observed among the minus 
40-mesh sizes, which generally 
contain the cleaner, less 
flattened particles. Nuggets 
wPre not found in any of the 

FIGURE 16, - Gold par'ticles from blue gravels, bl ue g rav e l samples that were 
Badger Hill. co,1centra ted by the Du r eau at 

Badge r Hill; however, coa r se 
colors weighing from 10 to 15 mg each were plentiful. The largest particl e 
found weighed approximately 30 mg and was ob tained f rom a blast round sampl e 
about 15 feet above bedrock. 

Distribution of gold in the blue gravels at Badger Hill was found to be 
erratic vertically and horizontally; however, the lenses o r gravel t h.:1t 
contain the richest concentrations of gold appear to be confined to the bot­
tom 40 feet tn the vicinity of the deepest part o f the bedrock t rough . A 
study of the Bureau's underground sampling results tend to confirm the occur­
rence inferred by the North Columbia drill-sampling results (hl) of elongate, 
meandering lenses of richer gold-be aring gravels on and above bedrock, but 
confined to the 40-foot-thick zone described above. Systematic drilling 
c ompleted in 1938 (_!1) at North Columbia indicates th.at the richest gravels 
within the zones tested are in elong~ted pods up to 10 feet in thickne ss, up 
to 300 feet in width, and up to 3,000 feet in lengt h tha t refl ect the 
meandering course of the deepest parts of the channel. 

The Bureau of Mines drill-sampling project was too limi te d to determine 
the appro x imate length and width of the richer conce ntrati o ns of gold a t 
Badger Hill; however, the underground sampling con f irmed th e existence of 
multiple zones on and above bedrock. 

Fifty samples totaling 91,852 pounds of blue gravel 1-1e re co llected from 
the underground workings in the lower bench. They contained gold ranging in 
value from 177.7 to 3,752.0 mg/ton (313. 7 to 7,32 2.6 mg/cu yd) and averaging 
431.2 mg/ton, or 761.8 mg/cu yd. Collection points ranged from a few inches 
t o 25 feet above bedrock. Table A-2 gives winze, raise, and adit blast round 
samp l e data, and figure 11 gives the sample location map. 

https://noticeab.ly
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Three obvious zones of gold concentration were noted in the underground 
workings, although the extent of each zone only can be inferred because of the 
limited horizontal and vertical range of the crosscuts and drifts. The 
original underground workings that were rehabilitated by the Bureau consisted 
of 100 feet of main drift commencing on bedrock at the deepest part of the 
channel in the lower bench, 20 feet of raise, 42 feet crosscut from the top of 
the raise, 15 feet of winze at the face of the main drift, and approximately 
100 feet of crosscut from the bottom of the winze. Sample results indicate 
that the three sets of workings are in three different zones of gold deposi­
tion (fig. 17). 

Adit samples and blast round samples collected from the test rooms 
contained an average of 422.2 mg/ton (747.0 mg/cu yd); those from the crosscut 
off the winze contained an average of 2,145.7 mg/ton (4,337 . 3 mg/cu yd); and 
those from the crosscut off the raise contained an average of 981.3 mg/ton 
(1,779 . 6 mg/cu yd); thus indicating that most of the Bureau's underground 
testing was done between two zones of higher grade gold-bearing gravel. 

KE Y 

~ 
9 81.3 mg Au/t o 

Bench f ace 1,7 79 .6 mg Au/cu • 

4 2 2 .2 mg Au/ton 
747.0 mg Au/cu yd 

~ 
2, 145.7 mg Au / ton 

4,3 37.3 mg Au/cu yd 

10 5 0 10 20 30 

Sca le, feet 

FIGURE 17, - Cross section (top) and longitud inal section (bottom) through Badger Hill adit 
showing zones of gold-bearing gravel, 
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Cemented gravel resting on bedrock at the portal of the adit contained 
little more than a trace of gold from repeated tests; however, samples of 
bedrock gravels taken from the crosscut off the winze about 100 feet in from 
the portal contained gold values ranging from 1,243 to 3,752 mg/ton (2,461 to 
7,323 mg/cu yd). As indicated on the sample location map (fig. 11), the 
richest sample, containing 7,323 mg/cu yd, is up slope to a point where it is 
at the same elevation as the floor of the adit, and the lowest grade sample is 
at the deepest end of the crosscut. 

The horizontal extent of the highest concentrations of gold in the blue 
gravels was not determined at Badger Hill; however, 31,528 pounds of blue 
gravel obtained from 11 drill holes and 7 pits ranging in distance from 250 to 
400 feet from the underground workings contained an average of 186.3 mg/ton or 
340.1 mg/cu yd. This is a drop of 244.9 mg/ton or 421.7 mg/cu yd from the 
underground sample average, indicating that the gold content of the blue 
gravels decreases sharply as sampling progresses away from the deepest portion 
of the bedrock trough. 

EVALUATION OF DRILLING METHODS 

One of the primary objectives of the delineation study was to test and, 
if possible, to improve drilling and sampling equipment and techniques for the 
Tertiary channel placer environment. The project plans required a comparison 
of placer sampling by churn drilling, bucket drilling., rotary drilling, and 
vibratory drilling. The program was terminated before the churn drilling 
phase of the project was started; consequently, a direct comparison of results 
cannot be made. Although churn drilling is the accepted method of sampling 
deep placers (l), it is slow, costly, and sometimes not too reliable, 
particularly where cemented gravels are found, as in the Tertiary channels of 
California. Regardless of the lack of churn drilling data, certain advantages 
and disadvantages were obvious in the drills that were tested. 

Bucket Drill 

In the upper gravels where clay is a major binding constituent and where 
boulders are not present, the bucket drill fitted with a 30- or 36-inch bucket­
type bit proved to be an outstanding sampling unit (fig. 18). The high clay 
content prevented sloughing of the walls, and the lack of cobbles and boulders 
lessened the overbreak to a minimum. Samples were restricted to a maximum of 
5 feet of hole depth, thus providing at least 1.5 cubic yards of material per 
sample. In general, bucket drill sampling of the white gravels is considered 
to be reliable with respect to lack of hole overbreak and sloughing; however, 
drilling of this zone without the use of casing is not feasible during the 
rainy season, as the ground becomes saturated and tends to flow into the large­
diameter holes as a semifluid mass. 

In the central or red gravel zone of the channel, where lenses of loose 
sand and gravel up to several feet in thickness occur, 32-inch casing was 
forced through the thicker sections of loose material using high drillhead 
pressure. Some dilution was noted in this zone caused by sloughing of the 
thinner lenses of loose gravel and by tearing of the walls by cobbles; 
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FIGURE 18. - L oading bucket dr i 11 samples . 

however, the accuracy of the samples is believed to compare well with that of 
churn drilling as a result of the large volume involved per sample . 

Water usually appeared in the bucket drill holes at a depth of approxi ­
mately 18 feet and caused minor amounts of dilution by agitation of water 
against the walls of the uncased holes as the bucket was raised and lowered 
during pulls. Normally the high clay content prevented sloughing even under 
wa t er . 

Bucket drill progress normally was stopped at or shortly below the 
contact of the blue gravel, depending upon the degree of cementation or com­
paction of the gravel. On two occasions large boulders stopped the drill at 
the upper contact . To avoid excessive wear and tear on the equipment, no 
attempt was made to force the penetration into the blue gravels. 

In general, the bucket drill proved to be an outstanding large - volume 
sampling tool for the white and red gravels. It has little or no application 
in the highly compacted and cemented blue gravels. If sample volume and time 
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are essential factors, the bucket drill has an advantage over the churn drill; 
however, it is not able to penetrate the cemented gravel and it requires the 
availability of large-scale processing equipment to concentrate the high­
volume samples. 

Rotary Drill 

A standard, truck-mounted rotary drill (fig. 19) used by the Bureau and a 
second similar drill used by a contractor for the hydrology study were of 
greatest value in drilling rapidly to bedrock through the cemented blue 
gravels. The delineation holes were drilled using mud as a circulation fluid. 
The hydrology holes were drilled using large volumes of compressed air to 
remove the saturated cuttings. Compressed air would not remove thick mud, but 
with the addition of sufficient water to produce a loose mixture, both the 
cuttings and water were blown from the hole as a slurry. 

FIGURE 19. - Rotary drilling in cemented grovel. 
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Casing was not required to hold the walls of most of the holes that were 
drilled in the blue gravel; however, one hole was lost as a result of 
penetrating a zone of loose sand near bedrock. With the use of mud or air as 
a circulating agent to remove cutting s, the value of the rotary drill as a 
relatively precise sampling tool for the Tertiary channel gravel s is nil. The 
use of heavy mud and slow penetration rates did not prevent excessive dilution 
of the samP.les. Water alone or water and comp ressed air used as circulating 
agents tend to produce more dilution than occurs when the holes are coated 
with drilling mud. 

Because of the high dilution factor, which often approached and sometimes 
exceeded 100 percent, no attempt was made to sample the holes at closely 
spaced intervals. Cuttings were collected as a single sample from the upper 
contact of the blue gravels to an estimated depth of 20 feet above bedrock. A 
second sample was collected from this point to bedrock . The two sampl es were 
collected primarily to determine whether or not a sharp increase of gold 
occurs from the upper to the lower zones of the blu e gravel section and to 
obtain a full thickness sample of gold from the blu e grave l. 

With additional experimental wo r k utilizing c a sing a nd short runs, a 
fairly reliable sampling procedure possibly could b e dev is e d for rot a ry 
drilling in the cemented gravels. Under this progr am, the rotary drill's 
principal value was found t o b e in prov iding r apid p e ne t r a tio n to bedrock for 
a specific purpose, such as v eri f ication of g eoph ysica l wo rk or to provide 
holes for hydrolo g y studi e s . One hole was drilled quick l y from the surface to 
the level of the bedrock drift for ventilation pu rpo s es . 

Vi bratory Drill 

The vibratory dril l ing c oncept has been u ti l i zed succes s f ully in th e c on ­
structio n business for driving h eav y steel piling us ing h igh - f requ enc y vibra­
tions transmitt e d through the pi l ing to litera ll y flu i dize t h e surrounding 
soil and allow the piling t o sink rapidl y t o the desired dept h . A truck ­
mounted experimental drill (f i g . 20) us ing the vib):Dtory concept 1v ,1s tested by 
the Bureau in many types of material to det ermine the poten ti al of t lw d ri 1 1 
for capturing samples; however, the n.,su l t was pe r s i s tent and al most imme d iate 
blocking of the c o r e barre l . Exten s i ve e xp e r imen tal wo r k was per f c,rmc <l in a n 
effort to overcome t h is defic i ency, but t he lleavy i'-le tals Program \vas Lermi ­
nated befo re th e wo r k was completed . 

At Badg er Hi ll, the v i bratory drill perfo rmed excep tiu na]ly wcl l in tl1 e 

white and red grave ls t o drill se i smic s ho tholes t o 1·cquircd dept:11s ro n ~•. i ng 
from 10 t o 15 fee t. A d r il ling time of from 1 to 2 min11t:cs per ho le was 
adequat e for t hese d ep t hs. Althou gh c l ay i mmedi ately bluckcd the d r ill p ip e , 
the pene t ra tio n rate was not s l owed . Un t i l a core b a rr e l or tu be is desi g n e d 
that will a llow t he clay and gravel to e n te r wi thout blo c k ing , t h e ch-ill 1v ill 
be of littl e utility for sampling purpos es in the Tcrt.. iaq1 c h a nne ls . 



FIGURI= 20. - Vibratory dri II placing shotholes, 

DISCUSSION OF DELINEATION COSTS 

Drilling and sampling costs incurred by the Bureau of Mines at Badger 
Hill have little direct application to the estimation of actual delineation 
costs because of the research orientation of the Bureau activities. As no 
tool was tested or developed by the Bureau that is superior to the churn drill 
for penetrating and sampling the blue gravels, this type of drill is expected 
to be utilized at least in part by any company that might consider conducting 
additional delineation work in the channel. 

The most recently completed churn drilling on San Juan Ridge was 
contracted by the U.S. Geological Survey in the surrnner of 1968 at a cost of 
approximately $25 per foot. Considering the scarcity of experienced gold 
placer churn drillers, even a relatively large drilling contract probably 
would fall into the range of at least $25 per foot as of yearend 1973. 

Realist ic cost estimates for additional delineation on San Juan Ridge 
will be controlled by the system of mining that is proposed. If the entire 
deposit is to be mined for various byproducts as well as for gold, widespread 
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sampling of at least two types will be required to investigate the entire 
thickness of the channel fill to supplement the available sampling data and to 
generate new data concerning the amount and distribution of the potential 
byproducts. Ilmenite, zircon, chromite, garnet, and rutile were identified in 
the concentrate from Badger Hill. Trench sampling of the old working faces 
can be accomplished quickly and economically to determine the amount and dis­
tribution of the byproduct materials in the white gravels. Trench sampling 
sites are accessible at the Badger Hill, Cherokee, North Columbia, and Spring 
Creek pits that would provide adequate sample control for the entire 6-mile 
segment of lava-free channel. 

Approximately 50 channel samples averaging 40 cubic yards per sample 
strategically spotted among the old pits should provide reasonably accurate 
data with regard to the amount and distribution of the potential byproducts. 
The cost of a sampling program as of 1971, including equipment, labor, and 
operating costs, will range from $45,000 to $50,000 for a period of from 4 to 
6 months on a 3-shift basis during the dry season. Most of this time will be 
spent in setting up, in gaining access to sample sites, and in the actual 
digging of the samples. To process approximately 2,000 cubic yards of gravel 
with a relatively small and simple trammel-type concentration unit will 
require little more than 30 operating days. 

Regardless of the decision to process or to waste the white and red 
gravels, additional delineation data will be required concerning the position 
and extent of the deepest and most favorable portion of the blue gravels. On 
the basis of drill-sampling data presently available, this zone is expected to 
be confined to a band seldom exceeding 500 feet in width and 40 feet in 
thickness that follows the configuration and meanders of the deepest portion 
of the bedrock trough. Drill sampling should be confined to this zone as 
closely as possible to reduce the high cost of penetrating and recovering 
samples in the tightly compacted and cemented blue gravels. 

The deepest portion of the channel can be determined by geophysical tech­
niques to reduce the target area to a minimum prior to drilling (10, 1]_). 
With the proper and successful utilization of geophysics, the fences of drill 
holes can be reduced to three or four holes in possibly five fences spotted 
along the least-explored portion of the channel from the North Columbia pit to 
the lava capping about 2 miles to the east. An additional three to four 
fences might be required between the Badger Hill and North Columbia pits to 
provide more detailed data than presently is available from the old records. 

The cost of preliminary delineation (as of 1971) of the deepest portion 
of the trough along the entire channel is estimated to be $25,000. Such a 
study would utilize seismic and gravity methods and would require three men 
for a period of from 5 to 6 months including interpretation time. A drilling 
program based upon the geophysics data and ranging from 24 to 26 holes 
averaging 300 feet in depth will cost from $110,000 to $160,000 including 
access. 
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CONCLUSIONS 

Bureau o f Mines sampl e results from the Badger Hill deposit supplemented 
by invaluable drilling and sampling data provided by the San Juan Gold Co. 
(l, 2, f, ..!....!_-_!_1_) indicate that the gravels containing the greatest concentra­
t ions of gold are confined to the blue zone within 40 feet of bedrock in the 
deepest part of the channel. The width of the most favorable zone is 
es tima ted to vary from 100 to 500 feet; however, the actual width, thickness, 
and direction of t he zone will be determined by the configuration, slope, and 
meanders of th e original bedrock trough. The richest concentrations of gold 
wi th in the zone are expected to occur in isolated, elongated lenses of gravel 
that may or may not be on bedro ck. Two or more rich lenses may occur one 
above the other f rom 5 to 40 fee t above bedrock, creating additional explora­
tion and mining problems for maximum recovery by underground methods. A rapid, 
inexpensive drill - sampling technique will be essent ial for underground use to 
probe for multiple lens es of r ich gravel unless a full mining height of 
40 feet is maintained along bedrock. 

Go ld was f ound to be unive rsally dis tribute d in irregular amounts 
th rou g hout the wh it e and red zon es . The quantity and particle size of the 
gold increased progressively with depth in all three zones. Lenses o f sand 
and clay contained the l east amount of gold regardless of location . 

None of th e three drills that were tested proved to be an all-purpose 
tool that can compete with the standard p l a ce r -type churn drill. Each of the 
three drill s has a limited use for spec ial conditions and each in its 
rest ricted c apacity provides satisfactory results; however, the data provided 
by earl ier drilling records (1:1) indicate that in the blue gravel the churn 
drilling technique continues to have superior capability for providing signifi­
cantly reliable samples. Add itional work is needed towards the development of 
a cheaper, quicker, and more reliable method to drill and sample the cemented 
g ravel, as even the rel i ability of the churn drill sample is greatly lowered 
when the casing cannot be driven ahead of the bit. 

In providing drill ing support for the geophys ics studies, a standard, 
truck- mounted rotary drill was found to be essential to quickly penetrate the 
cemented and highly compacted g ravels to p r ecisely identify the depth of 
bedrock. 

Large -volume sampl es were difficult to handle and required specialized 
equipment for processing, but the relatively large quantities of gold and con­
centrate that were recovered from each sample provided additional reliability 
for the determination of the quantity and size distribution of the gol d. 
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APPENDIX.--DRILLING AND SAMPLING DATA 

TABLE A-1. - Drill hole s~le data 

Hole 

1 .. . . 

2 .... 

3 .... 

4 .... 

5 ... . 

6 .... 

Diam-
eter, 

inches 

36 
36 
36 
36 
36 
36 
36 

5 
5 

36 
36 
36 
36 
36 
36 

36 
36 
36 

5 

36 
36 
36 
36 
36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

5 
5 

36 
36 
36 
5 
5 

Sam-
ple 

B-1 
B-2 
B-3 
B-4 
B-5 
B-6 
B-7 
c-10 
C-11 

B-8 
B-9 
B-10 
B-11 
B-12 
B-13 

B-14 
B-15 
B-16 
C-3 

B-17 
B-18 
B-19 
B-20 
B-21 
B-22 
B-23 
B-24 
B-25 

B-26 
B-27 
B-28 
B-29 
B-30 
C-1 
C-2 

B-31 
B-32 
B-33 
c-4 
C-5 

Sample Net Dry 
Plus 

1/8-inch 
Approx-

imate 
Gold 

recov-
Total 
gold, 1 Type 

interval, weight, weight, frac- volume, ery, milli- ho-le 
feet pounds pounds tion, cubic milli- grams 

percent yards grams 
2 - 7 6,333 5,700 51. 2 1.68 72.50 82.65 Bucket. 
7 - 12 6,127 5,514 49.0 1.68 85.64 91.34 Do. 

12 - 17 5,420 4,878 49.2 1.68 63.43 66.30 Do . 
17 - 22 7,096 6,244 60.1 1.68 47.87 51.18 Do. 
22 - 27 8,131 7,074 64.6 1.68 113. 73 120.54 Do. 
27 - 32 6,589 5,798 46.7 1.68 121. 19 127.10 Do. 
32 - 34. 7 3,953 3,479 50.7 .91 Sample Lost Do. 
34.7-109.3 1,516 1,410 38.1 .38 57.00 61.40 Rotary. 

109.3-129.3 514 478 12.8 .10 4.50 4.50 Do. 

2 - 5 6,309 5,867 51. 2 1.01 265.04 284.04 Bucket. 
5 - 10 8,867 7,803 50.2 1.68 265.10 282.01 Do. 

10 - 15 6,411 5,770 57.5 1.68 79.69 86.34 Do. 
15 - 20 6,533 5,880 58.7 1.68 136.15 151.57 Do. 
20 - 25 7,651 6,733 57.4 1. 68 251.09 276.36 Do. 
25 - 25.4 635 559 68.2 .13 43. 71 44.46 Do. 

0 - 5 5,609 5,048 47 .6 1.68 184.79 196. 28 Do. 
5 - 10 5,329 4,690 62. 7 1.68 17.16 18.72 Do. 

10 - 15.2 4,838 4,354 67.5 1. 75 62. 35 66.60 Do; 
15.2-106.2 2,760 2,567 36.1 .46 200.00 206.80 Rotary. 

0 - 5 5,868 5,457 42.1 1.68 22.40 22.60 Bucket. 
5 - 10 5,984 5,565 43.6 1.68 222.15 227.83 Do. 

10 - 15 5,776 5,372 44.0 1.68 508.38 527.84 Do. 
15 - 20 5,640 5,189 47 .6 1.68 121. 37 124. 74 Do. 
20 - 25 6,186 5,567 47.3 1.68 112.49 120.56 Do 
25 - 30 7,876 6,931 48.3 1.68 128.74 133.53 Do. 
30 - 35 6,894 6,205 48.7 1. 68 121.35 126. 28 Do. 
35 - 40 7,713 6,787 60.4 1.68 153.40 156.40 Do. 
40 - 41.4 2,102 1,829 63.6 .47 57.82 61.62 Do. 

0 - 5 5,888 5,476 47.9 1.68 306.92 319.66 Do. 
5 - 10 6,421 5,650 59.4 1.68 60.50 73.10 Do. 

10 - 15 6,141 5 ,527 56 .8 1.68 45.50 70.90 Do. 
15 - 20 6,649 5,984 63.5 1.68 43.50 62.50 Do. 
20 - 20.3 645 568 62.8 .10 8.00 8 .40 Do • 
22 -112 2,799 2,603 33.0 . 46 264.00 268;50 Rotary. 

112 -133 536 498 23.9 .11 185.00 189.30 Do. 

0 - 5 5,789 5,210 60.3 1.68 95.50 112. 80 Bucket. 
5 - 10 7,039 6,194 53.7 1. 68 230.00 347.44 Do. 

10 - 12 972 875 70.2 .67 28.00 41.11 Do. 
12 -122 3,257 3,029 36.4 . 56 177 .so 183.30 Rotary . 

122 -142 744 692 31..7 .10 200.00 234.60 Do. 
See footnotes at end of table. 



31 

TABLE A-1. - Drill hole sam£1e data--Continued 

Plus Approx- Gold Total 
Diam- Sam- Sample Net Dry 1/8-inch imate recov- gold,1 Type 

Hole eter, ple interval, weight, weight, frac- volume, ery, milli- hole 
inches feet pounds pounds tion, cubic milli- grams 

percent yards 1grams 
7.... 36 B-34 0 - 5 4,653 4,188 33.4 1.68 14.5 37.5 Bucket . 

36 B-35 5. - 10 4,468. 3,798 23.8 1.68 20 . 0 20.4 Do. 
36 B-36 10 - 15 4,564 3,971 29.6 1.68 33.0 36.0 Do. 
36 B-37 15 - 20 4,806 4,085 36.4 1.68 97.5 109.1 Do. 
36 B-38 20 - 25 5,053 4,295 36.1 1.68 39.5 41.1 Do. 
36 B-39 25 - 30 7,408 6,519 37.8 1.68 27 . 8 29.7 Do. 
36 B-40 30 - 35 5,957 5,242 38.7 .1.68 60.0 62.2 Do. 
36 B-41 35 - 40 6,423 5,781 40.0 1.68 88.5 91.2 Do. 
36 B-42 40 - 45 6,593 5,802 32 . 8 1.68 356.0 363.0 Do. 
36 B-43 45 - 50 5,999 5,399 38.1 1.68 356.5 365.3 Do. 
36 B-44 50 - 55 6,388 5,621 33.3 1.68 150.0 153.9 Do. 
36 B-45 55 - 56 764 649 25.1 .34 15.6 16.3 Do. 

5 C-6 56 - 92 721 671 15.8 .18 22.0 23.4 Rotary, 
5 C-7 92 -113. 7 799 743 4.0 .11 4.6 4.8 Do. 

8 .... 5 C-8 0 - 81. 8 2,647 2,462 37.8 .41 53.3 55.5 Do. 
5 c-9 81. 8-101. 8 605 563 31. 9 . 10 134.0 134.0 Do. 

9.... 36 B-74 0 - 5 1,958 1,821 33.2 1.68 16.0 16.3 Bucket. 
36 B-75 5 - 10 5,918 5,196 34.8 1.68 392.0 395.8 Do. 
36 B-76 10 - 15 3,9i5 3,328 30.0 1.68 300.0 301.7 Do. 
36 B-77 15 - 20 4,141 3,661 29.1 1.68 76.0 76.9 Do. 
36 B-78 20 - 23 1,669 1,441 26. 7 1.01 120.0 120.5 Do. 
30 B-93 23 - 25 1,358 1,188 14.7 .31 23.1 23.6 Do. 
30 B-94 25 - 30 4,187 3,588 15.3 .78 25.6 26.3 Do. 
30 B-95 30 - 35 3,844 3, 26,7 26.3 .78 48.0 48.3 Do. 
30 B-96 35 - 40 5,795 4,932 26.0 .78 126.0 128.5 Do. 
30 B-97 40 - 45 3,181 2,704 13.5 .78 59.0 59.2 Do. 
30 B-98 45 - 50 4,896 4,162 29;1 .78 58.0 59.6 Do. 
30 B-99 50 - 55 4,833 4,108 31. 9 .78 31.0 31.6 Do. 
30 B-100 55 - 60 3,939 3,348 34.3 .78 32.0 32.6 Do. 
30 B-101 60 - 65 4,634 3,939 34.7 .78 23.2 24.6 Do. 
30 B-102 65 - 70 4,431 3,766 11.4 .78 33.0 33.8 Do. 
30 B-103 70 - 75 3,234 2,749 26.3 .78 27.0 28.9 Do. 
30 B-104 75 - 80 5,064 4,305 25.7 . 78 92.0 93.5 Do. 
30 B-105 80 - 85 4,002 3,406· 25.1 .78 91. 0 94.2 Do. 
30 B-106 85 - 90 4,472 3,850 43.4 .78 27.8 30.4 Do. 
30 B-107 90 - 95 3,814 3,242 36.1 . 78 27.2 30 . 3 Do. 
30 B-108 95 -100 4,279 3,637 37.2 .78 69.0 72.5 Do. 
30 B-109 100 -105 3,479 2,957 38.5 .78 43.0 44.,3 Do. 
30 B-110 105 -109 2,872 2,599 44.3 .62 49.0 51.4 Do. 

5 C-15 111. 2-137 1,059 985 32.7 .13 68.0 70.2 Rotary. 
5 C-16 137 -160 676 629 21. 9 .12 8.2 9.3 Do. 

10 ... 36 B-46 0 - 5 4,382 3,970 29.3 1.68 63.0 66.2 Bucket. 
36 B-47 5 - 10 5,471 5,060 32. 8 1.68 79.0 80.7 Do. 
36 B-48 10 - 15 4,849 4,466 9.6 1.68 6.3 6.7 Do. 

See footnotes at end of table. 
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TABLE A-1 . - Drill hole sample data--Continued 

Plus Approx- Gold Total 
Diam- Sam- Sample Net Dry 1/8-inch imate recov- gold, 1 Type 

Hole eter, ple interval, weight, weight, frac - volume, ery, milli- hole 
inches feet pounds pounds tion, cubic milli- grams

' percent yards grams 
10 ... 36 B-49 15 - 20 4,809 4,386 23.9 1. 68 33.0 34.2 Bucket. 

36 B-50 20 - 26 4,953 4,606 28.8 2.02 142. 0 143.0 Do. 

11. .. 36 B-51 0 - 5 4,296 3,690 6.2 1.68 42.0 43.3 Do. 
36 B-52 5 - 10 5,102 4,337 1.5 1. 68 17.0 17.5 Do . 
36 B- 53 10 - 15 4,326 3,677 . 1 1.68 26.9 26. 9 Do. 
36 B-54 15 - 20 3,734 3,174 - 1.68 Nil Nil Do. 
36 B-55 20 - 25 3,924 3,335 10.8 1.68 49.0 50.6 Do. 
36 B-56 25 - 30 4,698 4,181 40.5 1.68 173.0 186.1 Do. 
36 B-57 30 - 35 4,794 4,406 22.9 1.68 68.0 69.4 Do. 
36 B-58 35 - 40 4,475 4,171 30.6 1.68 63.0 65.1 Do. 
36 B-59 40 - 45 4,319 3,969 23.6 1. 68 30.0 30.0 Do . 
36 B-6 0 45 - 50 5,131 4,715 29.4 1. 68 42. 0 .42.9 Do. 
36 B- 61 50 - 55 4,413 4,033 22.l 1.68 56.0 57. 7 Do. 
36 B-6 2 55 - 60 4,880 4,387 19.9 1.68 56.0 57.4 Do. 
30 B-63 60 - 65 2,839 2,467 13.2 .78 17.8 18.3 Do . 
30 B-64 65 - 70 3,465 2,994 6.5 . 78 21. 0 21. 6 Do. 
30 B-65 70 - 75 4,228 3,640 2.0 .78 11.6 12.l Do. 
30 B-66 75 - 77 2,131 1,811 4.9 .31 12.7 13.0 Do. 

12 . .. 30 B- 130 0 - 5 2,589 2,382 30.4 .78 31. 0 32.0 Do. 
30 B-131 5 - 10 3,630 3,220 28 . 8 .78 32.0 32.4 Do. 
30 B-13 2 10 - 15 2, 794 2,442 34.1 .78 11. 7 12.0 Do. 
30 B-133 15 - 20 2,799 2,390 34.2 . 78 12.5 13.0 Do. 
30 B-134 20 - 25 4,444 3,782 32. 0 .78 35.0 36. 0 Do. 
30 B-135 25 - 30 3,351 2,848 40.6 .78 63.0 63.6 Do. 
30 B-136 30 - 35 3,454 2,946 35 .6 .78 10.0 10 . 5 Do. 
30 B-137 35 - 40 3,742 3,181 30.9 .78 56.0 59.6 Do. 
30 B-138 40 - 45 3,887 3,304 29.8 .78 50 . 0 53.4 Do. 
30 B-139 45 - 50 3,862 3,283 36.9 .78 51. 0 53 . 6 Do. 
30 B-140 50 - 55 3,476 2,955 29.5 .78 32.0 35.5 Do. 
30 B-141 55 - 60 4,415 3,753 37 .6 .78 32.0 33.5 Do. 
30 B-142 60 - 65 4,319 3,671 37.6 .78 39.0 41.1 Do . 
30 B- 143 65 - 70 3,441 2,925 36.3 .78 56.0 58.0 Do. 
30 B-144 70 - 75 4,190 3,562 33.0 .78 24.0 25. 7 Do. 
30 B-145 75 - 80 3 ,746 3,184 15.3 . 78 36.0 38.8 Do. 
30 B- 146 80 - 85 4,631 3,969 37.2 .78 14.7 17. 7 Do. 
30 B- 147 85 - 90 3,625 3,128 42.0 .78 33.0 35.8 Do. 
30 B- 148 90 - 94 4,018 3,468 46.2 .62 24.0 27.1 Do. 

5 C- 20 94 -152 908 844 24. 3 . 29 15.2 (2 ) Rotary. 
5 C-21 152 -208 1,086 1,010 20.0 .28 34.0 36.2 Do. 

12A .. 30 B-(>7 0 - 5 3,157 2,829 28.7 .78 97.0 98.4 Bucket. 
30 B.-68 5 - 10 2,930 2,555 26. 3 .78 160.0 161. 6 Do. 
30 B-69 10 - 15 3,216 2,882 35.1 . 78 105.0 107.9 Do. 
30 B-70 15 - 20 3,984 3,629 37.9 .78 30.5 31. 8 Do. 
30 B-71 20 - 25 3,122 2,844 39.1 . 78 53.0 53.8 Do. 

See footno tes at end of table. 
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TABLE A- 1 . - Drill hole sampl e data- - Continued 

Plus Approx - Gold Total 
Diam­ Sam­ Sarnp le Net Dry 1/8-inch imat e recov­ gold, 1 

; Type 
Hole eter , ple interval, weight, weight, f rac­ volume , ery, milli - i hole 

inches feet pounds pounds tion, cubic milli ­ grams 
oercent vards e:rams 

12A . . 30 B- 72 25 - 30 3,485 3,164 49.9 0. 78 42.0 42.6 :Bucket. 
30 B- 73 JO - 35 4,504 3 ,96 8 48 .l . 78 100.0 166.3 , Do. 

I 
12B .. 30 B-7 9 ' 0 - 5 1,656 l ,426 26 .4 . 78 42. 0 43 . 0 Do. 

30 B- 80 I 5 - 10 2,831 2 , L,09 23.l .78 105.0 111. 2 Do. 
30 B- 81 ' 10 - 15 2,727 2 ,364 15. 5 . 78 66.0 67 .4 Do . 
30 B- 82 I 15 - 20 3,022 2,696 25.9 . 78 90.0 91. 8 Do. 
30 B- 83 j 2l, - 2'; 3 , 861 3,544 54 .3 . 78 ( ' ) ( ~) Do . 
30 B- 84 : 25 - 30 4, 072 3,685 53 . 5 .78 4 17 . 0 418.0 Do . 
30 B- 85 i 30 - 35 3,894 3, 5!+ 7 51. 5 . 78 59.0 62. 6 Do. 
30 B- 86 1 J ~ - 36 . 5 1,61 4 1 , 48 2 51. 4 .2 ] 65.0 68.8 Do. 

13 ... 36 B- 1111 0 - 5 3,312 3,070 25 .9 1. 68 31. 3 39.2 Do. 
36 B- 11 2 5 - 10 4,283 3 , 799 15.4 l. 68 57.0 128.7 Do . 
36 B- 1131 10 - 15 5,709 L1 , 875 28.0 1. 41 51. 0 56.5 Do . 
30 B- 1141 15 - 20 4 , !,63 3 ,84J 24. 5 .7 8 24 . 0 30.1 Do . 
30 B- 115120 - 25 3,225 2 , 806 33. l . 78 12.3 13 .4 Do . 
30 B- 116 25 - 30 4,819 4, 154 37.4 . 78 28. 0 29. 6 Do. 
JO B- 117 30 - 35 3 , 4 7') 3,065 3l1 . 6 . . 8 21. 0 21. 9 Do. 
30 B- 118 35 - 40 3 , 919 J,464 J2 . 2 . 78 28.0 29. 1 I Do . 
JO B-11 9 40 - 45 3,074 2 ,681 23.U . 78 48.0 49 . 6 no . 
30 B- 120 45 - so 3,333 1 , 853 17.9 . 78 16.6 17 . 0 Do . 
30 B- 1211 50 - 55 3 , 492 2 ,99 3 29.ll 78 Do.42.0144. 2 
30 B- 122! 55 - 60 5,529 4,722 26 l 78 88 . 0 90.2 Do . 
JO B- 123 60 - 65 3,292 2,821 31. 5 . 78 32.0 33.6 Do. 
JO B- 124 

1 

1' 65 - 70 4,844 4,166 28.4 . 78 63.0 I 63. 0 I Do . 
JO B- 125 70 - 75 3,437 2 , 925 30 . 2 78 75 . 0 77 . 3 Do . 
30 B- 126. 75 - 80 4 , 210 3,646 25.2 . 78 St,. 0 5 7. 3 Do.1 

JO - 85 3,955 3,378 29. 7 .78 ')5.0' 97 . 4 Do.B- 127°1 80 
JO B- 128 2:5 - q(J 4 , 492 3,917 49 . 3 . 78 16.s I 11.J Do. 
JO B- 129j 90 - 91 1,303 1,144 5 7. 0 . 16 '9 . 4 I 10. 2 Do. 
JO l'. - 17 91 -14 7 937 871 7 . 2 . .::s i2.3 I 12.6 Rotary. 
JO C- 18 147 - 167 654 608 . 9 . l U l. 6 2. 0 Do. 
30 C- 19 167 - 222 222 1,120 5 . 8 . 28 4. 0 4. 2 Do . 

14 .. . 30 B- 149 0 - 5 2,401 2, 187 27.4 .78 27. 0 28 .4 Bucket. 
30 B- 150 0 - LO 2 ,629 2 ,487 23.fl . 78 12.3 12.8 Do. 
30 B- 151 10 - 13 3,057 2 ,877 19. 9 .47 27.0 28 .4 Do 
30 B- 15, 13 - 20 2,476 2 , 273 5.9 l. 10 19.5 19.8 Do. 
30 B-15 ~ 20 - 25 2,892 2 ,643 10.0 .78 22. - 22.7 Do. 
30 B- 154 25 - 30 2,258 2 ,03 7 7 .1 .78 29.0 29.3 Do. 
JO B- 155 30 - 35 2,960 2 ,697 3 . 8 . 78 15. 2 15.5 Do. 
30 B- 156 35 - 40 2,703 2 ,454 10.0 . 78 s. 7 6.1 Do. 
30 B- 157 40 - 45 2 , 800 2 ,484 12.2 . 78 23 .0 23. 5 Do. 
30 B- 158 45 - so 3,086 2,666 9. 7 . 78 17. 1 17 . 5 Do. 
30 B- 159 50 - 55 4,893 4 ,159 3.~ . 78 15.8 16.1 Do. 
JO B- 160 55 - 60 1,316 1,119 l. 6 .16 7 . 0 7.2 Do.--~--~-

See foot not es at end of table . 
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TABLE A-1. - Drill hole sample data--Continued 

Plus Approx- Gold 
Diam- Sam- Sample Net Dry 1/8-inch imate recov-

Hole eter, ple interval, weight, weight, frac- volume, ery, 
inches feet pounds pounds tion, cubic milli-

percent vards grams 
15 ... 30 B-87 0 - 5 3,339 3,002 43.5 0.78 95.0 

30 B-88 5 - 10 3,586 3,288 63.1 .78 50.0 
30 B-89 10 - 15 3,641 3,372 57 . 8 . 78 52. 0 
30 B-90 15 - 20 4,095 3,817 64 .0 . 78 85.0 
30 B-91 20 - 25 3,802 3,528 67.5 . 78 182.0 
30 B-92 25 - 29 3,681 3,375 62. 3 . 62 230 .0 

5 C-12 31. 5-111. 5 2,341 2,177 42. 2 .40 180 .0 
5 C-13 111.5-133 . 0 707 658 30 . 0 .11 152.0 

VH-1.. 5 C-14 0 -121 5,910 5,142 27.8 1. 37 640 .0 

A..... 7 HH-1 0 -120 4,695 4,287 29.9 1.19 121. 58 
7 HH-2 120 -140 682 634 28.3 .20 60.34 

B.... 7 HH-3 0 -120 (2) (2) (2) (2) (2 ) 

7 HH-4 120 -143 875 814 41. 7 .23 156. 96 
c..... 7 HH-5 0 -120 2,173 1,984 34.8 1.19 36.92 

7 HH-6 120 -145 686 638 43.3 .25 47 .68 
D..... 7 HH-7 0 -190 8,509 7,556 11.9 1.88 27.45 

7 HH-8 190 -212 864 804 33 . 7 . 22 11.00 
E.. ... 7 HH-9 0 - 260 6,516 5,786 11.1 5.25 10.39 

7 HH-10 260 - 295 547 509 11.0 . 71 41. 09 

(2) (2) (2) (2) (2)BL-1.. 5 1 0 - 57 
BL-2 .. 5 2 0 - 32 1,097 976 23.9 .16 79.90 
BL-3 .. 5 3 0 - 32 1,049 1,020 27 .4 .16 73.00 
BL-4 .. 5 4 0 - 32 638 593 32.6 . 16 38 . 38 
BL-5 .. 5 5 0 - 32 709 659 38.5 .16 57.84 
BL-6 .. 5 6 0 - 48.5 1,418 1,319 48.6 .16 126. 90 
BL-7 .. 5 7 0 - 35 1,273 1,184 37.2 . 24 83.56 
BL-8 .. 5 8 0 - 35 1,348 1,254 37.9 .18 64.65 
BL-9 .. 5 9 0 - 35 1,150 1,070 36.8 .18 76.75 
BL-10. 5 10 0 - 31. 8 994 924 39.0 .16 81. 85 
BL-11 5 11 0 - 31.8 1,080 1,004 43.9 .16 66.94 
BL-12· 5 12 0 - 29 1,105 1,028 40.6 . 15 140.20 
1 Includes gold recovered by cyan1dat1on of amalgam residue. 
2 No data . 
3 Cyanidation not conducted on samples from holes A through BL - 12. 

Total 
gold, 1 

milli-
grams 

101. 9 
50.9 
54 .0 
86.1 

183 . 9 
232.6 
185.0 
154 .9 

642 . 2 

(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 

(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 

Type 
hole 

Bucket. 
Do. 
Do. 
Do. 
Do. 
Do. 

Ro tary. 
Do. 

Venti-
lation. 

Hydral. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Blast. 
Do . 
Do . 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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TABLE A-2. - Underground sample data 

Net Dry Plus Approximate Gold To tal 
Location Sample weight, weight, 1/8 - inch volume, recovery, gold, 1 Typ e sample 

pounds pounds f raction, cubic yards milli- milli-
percent grams grams 

Adit rooms ..... AR-1 2,588 2,347 59 . 7 0.66 520.0 535.9 Blast round 
AR-2 641 571 53.8 .16 244. 0 248.5 grab. 
AR-3 819 753 83 . 9 . 21 31 0 . 0 311.6 Do . 
AR-4 545 494 56 . 9 . 14 210 . 0 212.1 Do . 
AR-5 650 590 51.4 .17 290.0 290.9 Do. 
AR-6 912 827 54.6 . 23 349.0 354.0 Do . 
AR-7 507 468 59.0 . 13 150.0 154.5 Do. 
AR-8 775 704 59.4 . 20 290.0 291 . 3 Do. 

I 

IAR-9 1,752 1,545 60 .0 . 45 66 0 . 0 663.1 Do . 
AR-10 1,729 1,568 61.1 .44 290 . 0 ' 293.1 Do . 

i 
' AR-11 1,625 1,474 42.5 .42 230.0 231. 0 Do. 

AR-12 611 554 54.3 .16 192.0 194 . 4 Do. 
AR-13 654 593 59.2 .17 140.0 154 .3 Do. 
AR-14 642 582 60.6 .16 380 .0 381.1 Do . 
AR-15 868 787 56.3 . 22 175. 0 176.8 Do. 
AR-16 948 860 57.5 .24 169 . 0 171. 9 Do . 
AR-17 750 680 61. 5 .19 260.0 276. 3 Do . 
AR-18 7,587 6,881 60.1 l. 95 1,987.77 ( 2 ) Do . 
AR-19 3,776 3,425 73.5 .96 800.0 830 .3 Do . 
AR-20 3,817 3,462 74 . 6 .98 65 2. 0 65 2. 8 Do . 
AR-21 3,839 3,482 73.4 .98 678. 0 68 2.l Do . 
AR-22 3,638 3,300 77. l .93 630.0 654.4 Do . 
AR-23 3,389 3,074 73.5 .87 490 .0 604.0 Do. 
AR-24 3,320 3,011 73.5 .85 532 . 0 545 . 3 Do. 
AR-25 3,325 3,016 85.9 .85 643.0 655.6 Do . 
AR-26 3,554 3,223 67. 8 .91 322. 0 326. 3 Do. 
AR-27 3,826 3,432 72 . 2 .98 490. 0 509. o I Do. 
AR-28 3,600 3,258 72. 6 . 92 1,635 . 0 1,640. 8 Do . 
AR-29 3,358 2,965 73.3 . 86 600.0 604.o I Do. 
AR-30 3,413 3,171 76.5 .87 340.0 344.8 Do. 
AR-31 3,554 3,202 73 . 0 .91 370.0 376.2 Do . 
AR-32 7,048 6,364 72.5 1.81 610 .0 640.6 Do . 
AR-33 3,565 3,219 70 . 4 . 91 360.0 377 .6 Do. 
AR-34 3,706 3,354 72.6 .95 298 .0 304. 2 Do . 
AR-35 3,739 3,496 78.6 .96 580.0 587.4 Do. 
AR-36 3,713 3,397 80.3 .95 600 . 0 615.3 Do . 
AR-37 3,784 3,4 21 77 .0 .97 950. 0 95 5 .8 Do. 
AR-38 3,878 3,57 2 76.3 .99 805. 0 817 .2 Do . 

Upper level . . .. 1 42.5 39.5 89.4 . 011 8.0 (2 ) Channe l . 
2 48. 0 44.6 96 . 9 .012 5 . 0 (2 ) Do . 
3 50.0 46.5 91.0 .013 11. 0 (2 ) Do. 
4 56 . 0 52. 1 92.0 .014 23. 0 ( 2 ) Do. 
5 60 . 0 55.8 86.7 .015 11. 0 (2 ) Do. 
6 45.5 42. 3 87.9 . 012 17 . 0 (2 ) Do. 
7 51. 0 47.4 72 . 5 .013 24. 0 (2 ) Do. 
8 47 . 5 44.2 94 . 7 .012 44. 0 (2 ) Do . 
9 59.5 55.3 74 . 8 . 015 67. 0 <2 ) Do. 

Bedrock drift. . 1 103 95.8 68.9 .026 64.0 <2) Do. 
2 100 93 63 . 0 .026 69. 0 ( 2 ) Do. 
3 121 113 48.8 .031 227 .0 ( 2 ) Do. 

l lncludes gold recovered by cyanidation of amRlgam residue. 
2 Samples not amalgamated. 

https://1,987.77
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TABLE A-3. - Surface pit sample data 

Plus Approx- Gold Total 
Net Dry 1/8-inch imate recov- gold,1 

Location Sample weight, weight, frac- volume, ery, milli- Type sample 
pounds pounds tion, cubic milli- grams 

percent vards 2:rams 
Toe lower TB-1 4,510 4,194 57.l 1.16 846.09 - · Toe bulk. 

bench . TB-2 2,930 2,930 74.2 .75 130.0 134.1 Do. 
TB-3 2,768 2,574 72.6 . 71 280.0 291.4 Do. 
TB-4 2,742 2,550 77.8 .70 187 . 0 192. 3 Do. 
TB-5 2,892 2,690 76.5 .74 260 . 0 266.4 Do. 
TB-6 2,979 2,770 75 . 4 .76 130.0 134.8 Do. 
TB-7 2,999 2,789 70.5 .77 214.0 217.5 Do . 

Lower bench T-1 256 246 59.5 . 065 16 . 2 17.2 Stratigraphic. 
strat i graphic . T-2 426 409 51. 9 . 109 14.0 15.6 Do. 

T-3 396 380 59.3 .102 15.0 15.7 Do. 
T-4 118 113 11. 9 .030 1.6 1. 9 Do. 
T-5 122 117 36.1 .031 2.4 2.6 Do. 
T-6 122 117 42.6 .031 7.2 7.5 Do . 
T-7 120 115 51.7 . 031 1.5 1.8 Do. 
T-8 125 120 52.8 .032 4.8 5.2 Do. 
T-9 116 111 52.6 .030 7.4 7.9 Do . 
T-10 127 122 63.0 . 033 6.4 6.6 Do. 
T-11 127 122 75 . 6 .033 (2) (2) Do.' 
T-1 2 123 118 72.4 .032 12.6 12.7 Do. 
T-13 121 116 63 . 6 .031 8.1 12.6 Do. 

Pi t 1 ..... . ... . A-1 2,742 2,550 51. 7 1.00 100.64 108.09 Measured pit. 
P-1-R 112 104 <3) .03 3.80 4.10 Do. 
P-1-F 111 103 (3) .03 5.30 5.90 Do. 
P-1-L 117 109 (3) .03 3.90 4. 20 Do. 

Pi t 2 . .. ... . .. . A- 2 2,662 2,476 44 . 2 1.00 121.48 125.62 Do. 
P-2-R 119 111 (3) .03 1.50 1.60 Do. 
P- 2- F 111 103 <3) . 03 4.00 4.30 Do . 
P- 2- L 116 108 (3) .03 5.30 5.30 Do. 

Pi t 3 . ... . .... . A- 3 3,289 3,05 9 44.7 1.00 90.00 109.00 Do. 
P-3- R 117 109 (3) .03 1. 60 1. 80 Do. 
P-3-F 120 112 (3) . 03 2. 60 4.00 Do. 
P-3-L 11 2 104 (3 ) .03 .50 .50 Do. 

Pit 4 ... .. . .... A-4 3 ,025 2 ,813 5 2.6 1.00 37 . 50 39.00 Do 
P- 4-R 107 100 (3) . 03 .70 . 90 Do . 

P-4- F 98 91 <3) .03 2.80 2.80 Do . 
P-4 - L 113 105 (3) . 03 3. 20 3.70 Do. 

Pit 5 . .. ... . . .. A- 5 2, 986 2, 777 58. 1 1.00 15.50 16 .20 Do. 
P-5-R 103 96 (3) . 03 Trace Trace Do. 
P- 5-L 120 112 <3) . 03 1. 90 2.10 Do. 
P-5- F 109 101 (3) . 03 3.30 3. 30 . Do. 

llncludes gold recovered by cyan1dat1on of ama lgam res idue . 
2 Sample lost. 
3 0vers ize not col l ected in "P" s er i es. 
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TABLE A-4. - Gold particle size distribution (color count)-­
drill holes and pits 

Hol e Sample Part i cl e si ze , millimetersl Gold weight, 2 

+3 +2 +l +0.5 -0.5 milligrams 
1 . . . ................... B-1 - - 3 14 29 72.50 

B- 2 - - 1 9 41 85.64 
B- 3 - - - 12 38 63.43 
B-4 - - - 10 27 47.87 
B-5 - - 7 23 32 113. 73 
B- 6 - - 9 19 51 121.19 
B-7 - - - - - -
C- 10 - - - 10 3 57.00 
C-11 - - - - 3 4.50 

2 . ....... .... ... .... ... B- 8 - - 11 42 110 265.04 
B-9 - - 8 37 150 265.10 
B- 10 - - - 7 53 79.69 
B-11 - - 6 21 39 136. 15 
B- 12 - 1 5 37 127 251.09 
B- 13 - - - - - 43. 71 

3 .. . . .. ...... .. . . . .. . .. B- 14 - - - 23 41 184.79 
B- 15 - - - 3 22 17.16 
B- 16 - - - 5 49 62. 35 
C- 3 - - 6 14 28 200.00 

4 .... . ... . .. ... . . .. .... B- 17 - - - 2 12 22.40 
B-18 - - 2 35 110 222. 15 
B-1 9 - - 10 63 240 508 . 38 
B- 20 - - - 27 55 121. 37 
B- 21 - - - 35 49 112. 49 
B- 22 - - - 26 59 128.74 
B- 23 - - 2 23 30 121.35 
B- 24 - - 7 37 56 153.40 
B- 25 - - - 8 26 57.82 

5 ... . ...... . .. . ..... . . . B- 26 - - 7 52 160 306. 92 
B- 27 - - - 10 23 60.50 
B- 28 - - - 3 25 45.50 
B- 29 - - - 2 30 43.50 
B-30 - - - 1 14 8.00 
C- 1 - - 12 39 28 264.00 
C- 2 - - 5 11 19 185.00 

6 ... . . . . . ....... .... . . . B-31 - - - 7 55 95.50 
B-3 2 - - 5 5 52 230.00 
B- 33 - - 1 4 12 28.00 
C- 4 - - 3 17 30 177. 50 
C-5 - - 6 8 6 200.00 

See foo tnotes a t end o f t able . 
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TABLE A- 4. - Gold part i cle size distr i bution (color count) -­
drill holes and pits --Continued 

Hole Sample Particle size mil 1 ime ters1 2Gold weight, 
+3 +2 +l +0.5 - 0.5 milligrams 

7 ........ . .. . .. .... .. .. B- 34 - - - - - 14 . 5 
B- 35 - - 1 3 7 20 . 0 
B- 36 - - 1 3 1 33.0 
B- 37 - - - 2 23 97.5 
B- 38 - - 2 3 10 39.5 
B- 39 - - 1 2 - 27.8 
B- 40 - - 3 8 30 60.0 
B-41 - - 1 13 21 88.5 
B-42 - - 3 - 54 356.0 
B-43 - - 8 11 31 356.5 
B- 44 - - 4 10 56 150.0 
B-45 - - 1 6 14 15.6 
C- 6 
C- 7 I -

-
-
-

-
-

5 
2 

16 
3 

22 . 0 
4.6 

I 
8 .. ............ . ....... C- 8 - 5 2 23 17 53.3 

C- 9 - - 4 - 20 134. 0 

9 .. ... .. ... ... .. . ...... B- 74 - - 1 1 6 16.0 
B- 75 - 6 10 28 84 392.0 
B- 76 - 2 3 so 36 300.0 
B- 77 - - - 60 39 76.0 
B- 78 - - 2 23 59 120.0 
B- 93 - - - - 170 23.1 
B- 94 - 1 2 - 52 25 .6 
B- 95 - - 5 75 80 48. 0 
B- 96 - - - 2 200 126. 0 
B- 97 - - - - 175 59.0 
B- 98 - - - 10 210 58 . 0 
B- 99 - - - 25 200 31.0 
B- 100 - - - - 135 32 . 0 
B- 101 - - - - 125 23.2 
B- 102 - - - - 110 33.0 
B- 103 - - - 5 llO 27.0 
B- 104 - - 20 100 200 92. 0 
B- 105 - - 1 - 250 91.0 
B- 106 - - - 10 120 27.8 
B- 107 - - - 3 130 27.2 
B- 108 - - - - 240 69 . 0 
B- 109 - - - 12 180 43.0 
B- 110 - - - - 125 49 . 0 
C- 15 - - 5 25 125 68 . 0 
C- 16 - - - - 30 8 . 2 

See foo t no t e s at end of table . 
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TABLE A-4. - Gold particle size distribution (color count) -­
drill holes and Eits --Continued 

Hole Sample Particle size , millimetersl Gold weight, 2 

+3 +2 +l +0 .5 - 0.5 milligrams 
10 . ... . . ............. .. B- 46 1 - - 6 - 63.0 

B- 47 - - - 20 - 79.0 
: B-48 - - - - 24 6.3 

B-49 - - - 10 23 33.0 
I B-50 - - 60 72 142. 0-

11 .......... .. .. . ...... B- 51 - - 5 15 21 42 . 0 
B- 52 - - - 10 17 17.0 
B- 53 - - 2 5 13 26. 9 
B-54 - - - - 5 Nil 
B-55 - - 20 - - 49.0 
B- 56 - - 35 - 31 173.0 
B- 57 - - 5 - 19 68.0 
B- 58 - - - - 47 63.0 
B-59 - - 5 - 23 30.0 
B- 60 - - - - 19 42.0 
B- 61 - - - 8 30 56.0 
B- 62 - - 10 - 18 56. 0 
B- 63 - - - - 3 17.8 
B-64 - - - 4 3 21. 0 
B- 65 - - 1 - 3 11. 6 
B- 66 

; - - 3 - 9 12.7 

12 . ..... ... .. .......... B- 130 - - - 2 230 31. 0 
IB-131 - - 7 10 120 32.0 

B-13 2 - - - 1 85 11. 7I
B-133 - - - 15 80 12.5 
B- 134 - - - - 105 35.0 
B- 135 - - - - 130 63.0 
B- 136 - - - 20 so 10.0 
B-137 - - 2 5 110 56 . 0 
B-138 - - - 2 230 50.0 
B-139 - - - 5 135 51.0 
B- 140 - - 1 5 110 32.0 
B-141 - - - 10 250 32.0 
B-142 1 10 25 200 39.0 
B-143 - - - 5 104 56.0 
B-144 - - - - 105 24.0 
B- 145 - - - - 220 36.0 
B-146 - - 8 14 100 14.7 
B-147 - - 1 - 160 33.0 
B- 148 - 1 2 5 75 24. 0 
C- 20 - - 2 25 - 15.2 
C-21 - - - 8 45 34.0 

See footnotes at end of table. 
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TABLE A-4. - Gold particle size distribution (color count)-~· 
drill holes and £its--Continued 

Hole Sample Particle size millimetersl Gold weight, 2 
+3 +2 +l +0.5 -0 . 5 milligrams 

12A............ .. . . . .. · B-67 - - 10 30 - 97.0 
B-68 - - 10 100 30 160.0 
B-69 - - - - 100 105.0 
B-70 - - - 12 150 30.5 
B-71 - - 20 70 45 53.0 
B-72 - - 20 75 35 42.0 
B-73 - - 8 75 130 100.0 

12B . . . .. ............ ·. · B-79 - - - 15 125 42. 0 
B-80 - - 10 40 225 105.0 
B-81 - - 2 30 200 66.0 
B-82 - - 3 40 180 90.0 
B-83 - - - - - -
B-84 - - 25 100 550 417 .0 
B-85 - 1 5 30 125 59.0 
B-86 - - 6 10 150 65.0 

13 ...... ... . . . . . ... .. .. B-111 - - - 10 150 31. 3 
B-112 - - 3 5 70 57 .0 
B-113 - - 3 25 150 51.0i
B-114 - - - - 150 24 . 0 
B-115 - - - 10 50 12 .3 
B-116 - - - 50 75 28.0 
B-117 - - 2 75 50 21. 0 
B-118 - - - - 118 28 .0 
B-119 - - - 1 185 48.0 
B- 120 - - - - 130 16. 6 
B-1 21 - - - 5 145 42. 0 
B- 122 - - - 2 240 88.0 
B-123 - - - 5 90 32.0 
B-124 - - 5 25 150 63.0 
B-1 25 - - - 10 200 75. 0 
B-126 - - 1 5 175 54 . 0 
B-127 - - - 10 150 95.0 
B-128 - - - - 120 16.5 
B-129 - - - - 80 9 .4 
C-17 - - - 12 70 12.3 
C-18 - - - - 8 1.6 
C-19 - - - - 18 4 . 0 

14 . . ..... .. . . ..... . . . .. B-149 - - 1 1 5 27 . 0 
B-150 - - - - 170 12.3 
B-151 - - - - 250 27 .0 
B-152 - - - - 200 19 . 5 
B-153 - - - - 40 22.5 

See footnotes at end o f table . 
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TABLE A-4. - Gold particle size distribution (color count)-­
drill holes and pits--Continued 

Hole Sample Particle size. millimetersl Gold weight, 2 

+3 +2 +l +0.5 -0.5 milligrams 
14 ........ . .......... .. B-154 - - - - -205 29.0 

B-155 - - - - 126 15.2 
B-156 - - - - 103 5.7 
B-157 - - - - 260 23.0 
B-158 - - - - 300 17.1 
B-159 - - - - 75 15.8 
B-160 - - - - 31 7.0 

15 ....... .. ......... . .. B-87 - - 1 101 205 95.0 
B-88 - - 3 10 150 50.0 
B-89 - - 3 50 175 52. 0 
B-90 - - 2 10 175 85 . 0 
B-91 - - 5 52 225 182.0 
B-92 - - 12 120 130 230.0 
C-12 - - 25 75 50 180 . 0 
C-13 - 1 35 50 100 152.0 

VH-1 ................... C-14 - - 22 61 700 640.0 

A...................... HH-1 - - 5 109 290 121. 6 
HH-2 - - 6 35 89 60.3 

B...................... HH-3 - - - 200 175 (3) 

HH-4 - - 9 106 271 157.0 
c .... . ............ . .... HH-5 - - 1 29 74 36.9 

HH-6 - - 5 33 99 47. 7 
D.••..•.•••••••...•••.• HH-7 - - - 4 333 27.5 

HH-8 - - - 1 311 11.0 
E...................... HH-9 - - - 5 63 10.4 

HH-10 - - - 15 80 41.1 

BL-1 ................... 1 - - - - - -
BL-2 ................... 2 - - 5 79 273 79.9 
BL-3 ................... 3 - - 4 57 335 73.0 
BL-4 ................... 4 - - - 24 224 38.4 
BL-5 .. . ................ 5 - - 3 40 256 57.8 
BL-6 ................... 6 - - 2 111 334 126.9 
BL-7 ................... 7 - - 4 58 172 83.6 
BL-8 . . ................. 8 - - 4 30 231 64.7 
BL-9 ............... . . . . 9 - - 8 38 296 76.7 
BL-10 .................. 10 - - 4 43 270 81. 9 
BL-11 ....... . .......... 11 - - - 64 156 66.9 
BL-12 .................. 12 - - 7 96 348 140.2 
See footnotes at end of table. 
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TABLE A-4. - Gold particle size distribution (color count)~­
drill holes and pits--Continued 

Hole Sample Particle size. millimeters1 

+3 +2 +l +0 .5 -0.5 
Pit 1 .................. P-1-L - - 1 4 3 

P-1-R - - 4 11 8 
P-1-F - - 2 8 11 

Pit 2.................. P-2-L - - 2 6 2 
P-2-R - - - - 10 
P-2-F - - 3 - 6 

Pit 3.................. P-3-L - - - - 9 
P-3-R - - - 1 8 
P-3-F - - - 5 2 

Pit 4 .................. P-4-L - - - 1 9 
P-4-R - - - - 9 
P-4-F - - 1 2 6 

Pit 5 .................. P-5-L - - - - 4 
P-5-R - - 1 - ~ 
P-5-F - - 1 1 3 

Stratigraphic channel .. T-1 - 3 2 25 124 
T-2 - - 7 14 30 
T-3 - 4 10 16 72 
T-4 - - - - 3 
T-5 - - - 2 3 
T-6 - - - 10 10 
T-7 - - - 1 10 
T-8 - - - 16 3 
T-9 - 1 9 25 -
T-10 - - 5 - -
T-11 (3) <3) (3) (3) (3) 

T-12 - - 2 - 10 
T-13 - 2 2 15 -

lDoes not include flour gold.
2 Amount recovered from concentrate by amalgamation. 
3 Sample lost. 

Gold weight, 2 

milligrams 
3.9 
3.8 
5.3 
5.3 
1.5 
4.0 

.5 
1.6 
2.6 
3.2 

. 7 
2.8 
3.3 

.6 
1.9 

16.2 
14.0 
15.0 
1.6 
2.4 
7.2 
1.5 
4.8 
7.4 
6.4 

(3) 

12.6 
8.1 
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TABLE A-5. - Geologic logs--drill holes 

Stratigraphic Dis tance, 
Hol e interval, feet Material Color 

feet 
1 .. .......... . ........ 0 - 7.0 7.0 Gravel ... .... .. . . .. .. Brown. 

7.0- 9 .0 2.0 Gravel, sand .... ..... Do. 
9 . 0- 27.0 18 .0 Sand, clay, gravel, Do. 

water at 19.0 feet. 
27.0 - 33.0 6.0 Gravel, sand . ........ Do. 
33.0- 34. 7 1.7 Gravel . .. ...... ... ... Do. 
34. 7- 76.6 41. 9 Cemented gravel. ..... Blue. 
76.6- 81.6 5.0 Cemented gravel, Do. 

clay, sand. 
81. 6- 86.6 5.0 Cemented gravel, sand Do. 
86.6 - 91. 6 5.0 · Cemented gravel. ..... Do. 
91. 6-101. 6 10.0 Clay , sand . .... ... .. . Do. 

101.6-103.6 2.0 Cemented gravel. ..... Do. 
103.6 -1 28.6 25.0 Clay, sand ..... ..... . Do. 
128.6-139.3 10.7 Phyllite (bedrock) ... Gray . 

2.... . . . .............. 0 - 25 . 0 25.0 Gravel, sand, water Brown. 
at 18.0 feet . 

25 . 0- 25 . 4 .4 Cemented gravel. ..... Blue. 

3 ... . .... . . .... . ...... 0 - 7.6 7.6 Gravel, sand, clay ... Brown. 
7.6- 15.2 7.6 Gravel, water at Do. 

15.0 feet. 
15. 2- 76. 2 61.0 Cemented gravel, sand Blue. 
76. 2-1 01. 2 25.0 Gravel, sand ........ . Do. 

101.2- 107.2 6.0 Sand, gravel, hole Do. 
caved at 107 feet. 

4 . . .. ..... ...... . .. . . . 0 - 15.0 15.0 Gravel . . ........... .. Brown . 
15 . 0- 41.4 26.4 Gravel, sand, water Do. 

at 17.5 feet , 
cemented gravel at 
41.4 feet. 

5 ....... . ......... .. .. 1 0 - 20.0 20.0 Gravel, sand, clay... Do. 
20 .0- 20.3 . 3 Gravel ......... . .. ... Do. 
20. 3-132. 6 112. 3 Cemented gravel. ..... Blue. 

132.6-138. 2 5.6 Diorite (bedrock) .... Gray. 

6 .......... . ... ... .. . . 0 - 5.0 5.0 Gravel, sand, clay... Brown. 
5.0- 10.0 5.0 Sand, clay, gravel ... Do. 

10.0- 12.0 2.0 Cemented gravel. ..... Blue. 
12.0- 17.0 5.0 Cemented gravel, sand Do. 
17.0- 22.0 5.0 Cemented sand, gravel Do. 
22.0- 27.0 5.0 Cemented sand, clay.. Do. 
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TABLE A-5 . - Geologic logs--drill holes--Continued 

Hole 

6 ................... . . 

7 .................... . 

8 ......... ..... . ... .. . 

9 ... ....... . .... . .... . 

Stratigraphic 
interval, 

feet 
27 . 0 - 32.0 

32.0- 82 . 0 

82.0 - 107 . 0 
107.0-122.0 

122.0-137.0 
137.0-139.0 

139.0-150.5 

0 - 5.0 
5.0- 10.0 

10.0 - 13.0 
13 . 0 - 15.0 
15 . 0 - 35.0 

35.0- 40.0 
40 . 0 - 44.0 
44.0 - 50.0 
50.0 - 55.0 
55.0 - 56.0 
56.0- 72.0 
72 . 0 - 111.0 

111.0 - 133.0 

0 - 17 . 9 

17.9- 41.8 
41.8 - 46.8 
46.8 - 61.8 

61.8- 76.8 
76. 8 - 81.8 
81.8 - 94 . 8 
94.8- 99.8 
99.8-101.8 

0 - 5.0 

5.0- 10.0 
10 . 0 - 11. 0 
11. 0 - 25.0 
25. 0 - 30.0 
30 . 0- 33.7 

Distance, 
feet 

5.0 

50.0 

25.0 
15.0 

15 . 0 
2 .0 

11. 5 

5.0 
5.0 
3.0 
2.0 

20.0 

5.0 
4.0 
6 . 0 
5 . 0 
1. 0 

16.0 
39.0 
22.0 

17.9 

23.9 
5.0 

15 . 0 

15.0 
5.0 

13.0 
5.0 
2 . 0 

5.0 

5 .0 
1.0 

14.0 
5.0 
3 .7 

Material 

Cement ed sand, 
gravel, clay. 

Cemented sand, 
gravel . 

Cemented gravel, sand 
Cemented sand, 
gravel. 

Cemented gravel, sand 
Cemented sand, 
gravel, clay . 

Phyllite, quartzite 
(bedrock). 

Clay, sand, gravel . .. 
Clay, sand...... ..... 
Sand... ... .. .. ..... .. 
Clay, sand . .... . . ... . 
Clay , sand, gravel, 
water at 20.0 feet. 

Clay, grave l, sand .. . 
Sand ..... . .......... . 
Clay, sand, gravel .. . 
Sand, gravel, clay .. . 
Gravel , sand, clay .. . 
Sand . ............ .. . . 
Clay ... ... . .... .. . . . . 
Quartzite (bedrock) .. 

Sand, gravel, clay, 
water at 3.0 feet. 

Cemented gravel ... . . . 
Cemented gravel, sand 
Cemented gravel, 

sand, clay . 
Cemented gravel, sand 
Cemented gravel .... . . 
Cemented gravel, sand 
Clay .. . ............. . 
Phyllite (bedrock) 

Gravel, sand, water 
at 5.0 feet. 

Sand, gravel , clay... 
Sand, gravel......... 
Clay, sand, gravel ... 
Gravel. .............. 
Sand, gravel, clay ... 

Color 

Blue. 

Do. 

Do. 
Do. 

Do. 
Do. 

Gr ay. 

Brown. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do . 
Do. 

Blue. 
Do. 

Gray . 

Brown. 

Blue . 
Do. 
Do. 

Do. 
Do. 
Do. 

Green. 
Gray. 

Brown. 

Do . 
Do. 

Gray . 
Yellow . 
Pink. 
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TABLE A-5. - Geologic logs--drill holes--Continued 

Stratigraphic Distance, 
Hole interval, feet Material Color 

feet 
9 ....... .... .......... 33.7- 35. 0 1. 3 Gravel ............... Pink. 

35.0- 37.0 2.0 Sand, gravel, clay ... Do.-
37.0- 40.0 3.0 Gravel ............... Gray. 
40.0- 45.0 5.0 Sand ................. Tan. 
45.0- 66.5 21. 5 Gravel, clay, sand ... Tan-gray. 
66.5- 73. 0 6.5 Sand, clay ........... Gray. 
73.0-109.0 36.0 Clay, gravel, sand ... Gray-blue. 

109 . 0 -117.0 8.0 Cemented sand, gravel Blue . 
117.0-137.0 20.0 Cemented gravel. ..... Do. 
137.0-142.0 5.0 Cemented clay, sand, Gray. 

gravel. 
142.0-143.0 1.0 Clay, sand ........... Do. 
143.0-146.0 3.0 Cemented gravel. ..... Do. 
146.0-147.0 1. 0 Clay, sand ........... Do. 
147.0-151.0 4.0 Cemented gravel. ..... Do. 
151.0-152.0 1.0 Clay .. .. .... ..... .... Do. 
152.0-155.0 3.0 Cemented gravel. ..... Do. 
155.0-165.0 10.0 Quartzite (bedrock) .. Do. 

10 .................... 0 - 5.0 5.0 Clay, sand ........... Red. 
5.0- 17.0 12.0 ..... do .............. Brown. 

17.0- 19.0 2.0 ..... do .............. White. 
19.0- 20.0 1.0 Clay, sand, gravel ... Do. 
20.0- 26. 0 6.0 Sand, clay, gravel Do. 

(caved). 

11 ...... .......... .... 0 - 10.0 10.0 Clay, sand ........... Red. 
10. 0- 22.0 12.0 Sand, clay ........... Tan. 
22.0- 28.0 6.0 Clay, sand, gravel ... Brown. 
28.0- 55.0 27.0 Sand, clay, gravel ... Tan. 
55.0- 56.0 1.0 Sand................. Gray. 
56.0- 60.0 4.0 Sand, clay, gravel ... Do. 
60.0- 65.0 5.0 Clay, sand ........... Do. 
65.0- 75.0 10.0 Sand, clay, gravel ... Do. 
75.0- 77 .0 2.0 Sand, gravel, water Do. 

at 75.0 feet. 

12 ...... . ............. 0 - 7.0 7.0 Gravel, sand ......... White. 
7.0- 24. 0 17.0 Gravel, sand, clay.. , Buff. 

24. 0- 50.0 26.0 Clay, sand, gravel, Brown. 
water at 20.0 feet. 

50.0- 51.0 1.0 Gravel ............... Buff. 
51.0- 52.0 l.O Clay ................. Do. 
52.0- 55.0 3.0 Sand, gravel ......... Do. 
55.0- 59.0 4 .0 Gravel ............... Brown. 
59.0- 60.0 1.0 Sand ................. Do. 
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TABLE A- 5 . - Geologic logs--drill holes--Continued 

Stratigraphic Distance, 
Hole interval, feet Material Color 

feet 
12 .................... 60.0 - 65.0 5 . 0 Gravel, clay . . ....... Buff . 

65.0- 72.0 7.0 Gravel, clay, sand ... Brown. 
72. 0 - 74.0 2. 0 Sand ................. Buff . 
74.0 - 75.0 1.0 Grave l ... ............ Do. 
75.0- 80.0 5. 0 Sand ..... . ........... Brown. 
80.0- 81. 7 1.7 Gravel ........... .... Buff. 
81. 7- 83.0 1. 3 Clay ......... .. .. ... . Do. 
83.0 - 94.0 11. 0 Gravel, clay, sand ... Brown . 
94 . 0 -1 07 . 0 13 . 0 Cemented gravel, Blue. 

clay, sand. 
107.0-122.0 15.0 Grave l, clay, sand ... Do. 
122.0 -15 2.0 30.0 Cemented gravel, Do. 

clay, sand. 
152.0 - 167.0 15.0 Cemented gravel ... .. . Do. 
167.0 - 182 . 0 15. 0 Cemented gravel , Do. 

clay. 
18 2.0 - 197.0 15 . 0 Clay, gravel. ...... .. . . Gray . 
197.0 - 199 . 0 2 . 0 Gravel, clay .... . . . . . I Do. 
199.0 - 210.0 11. 0 Quartzite (bedrock) . . Do . 

12A... . ............ ... 0 - 10.0 10.0 Sand, clay, gravel ... Brown. 
10 .0 - 20 . 3 10 . 3 Clay, gravel , sand . . . Do . 
20 . 3 - 28.8 8 . 5 Gravel, sand, clay, Do. 

water at 28 . 0 feet. 
28 . 8 - 34 .4 5.6 Sand, gravel, clay ... Do. 
34.4 - 34.6 .2 Cemented gravel. ..... 

1 
Blue. 

I 

12B ......... . . . . . . ... · 0 - 9 . 0 9.0 Sand, clay, gravel ... Brown. 
9.0 - 14. 0 5.0 Sand ......... . .. . .... Do. 

14 . 0- 16.5 2.5 Sand, clay, gravel . .. Do. 
16.5 - 19.0 2. 5 Sand . ................ Do. 
19.0- 26. 5 7.5 Clay, sand, gravel ... Do. 
26. 5- 31. 6 5 . 1 Clay, gravel, sand ... I Do.I
31. 6 - 33 . 5 1. 9 Sand, gravel, water Do. 

at 32.0 feet . 
33.5 - 36.5 : 3. 0 Cemented gravel. ..... Blue. 

I 

13 ..... ... .. . . .. ..... . 0 - 7.0 7. 0 Sand, gravel . .. .. ... . !Gray. 
7.0 - 11. 5 4.5 Clay, gravel . . . ...... Do. 

11. 5- 15.0 3.5 Gravel, sand .. ... ... . Brown. 
15.0- 17.0 2.0 Gravel, sand, clay... Do. 
17.0- 18.0 1.0 Sand ................. Do. 
18.0- 33.9 15 .9 Sand, gravel, clay ... Do. 
33.9- 35.0 1. 1 Sand ....... ....... . .. Do. 
35.0- 47.0 12.0 Gravel, sand, clay . .. Gray. 
47 . 0- 48.6 1. 6 Clay ................. White 
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TABLE A-5. - Geologic logs--drill holes--Continued 

Hole 

13 ................... . 

14 ................... . 

15 .................... 

A..................... 

Stratigraphic 
interval, 

feet 
48.6- 51.3 
51.3- 69.0 
69.0- 86.5 
86.5- 89.0 
89.0-102.0 

102. 0-111. 0 
111.0-113.0 
113.0-122.0 

122.0-127.0 
127.0-162.0 
162.0-167.0 
167.0-198.0 
198.0-222.0 

0 - 10.0 
10.0- 25.0 
25.0- 30.0 
30.0- 39.0 
39.0- 40.0 
40.0- 42.0 
42.0- 47.0 
47.0- 48.0 
48.0- 56.0 

0 - 22 .. 3 
22.3- 59.5 

59.5- 61. 5 
61. 5- 66.5 
66.5-138.0 

138.0-146.5 

0 - 31. 0 

31. 0- 39.0 
39.0- 40.0 
40.0- 53.0 
53.0- 54.0 
54.0- 83.0 

83.0-100.0 
100.0-139.0 

139.0-146.0 

Distance, 
feet 

2. 7 
17.7 
17.5 

2.5 
13.0 
9.0 
2.0 
9.0 

5.0 
35.0 
5.0 

31. 0 
24.0 

10.0 
15.0 
5.0 
9.0 
1.0 
2.0 
5.0 
1.0 
8.0 

22.3 
37.2 

2.0 
5.0 

71. 5 
8.5 

31.0 

8.0 
1.0 

13.0 
1.0 

29.0 

17.0 
39.0 

7.0 

Material 

Clay, gravel ........ . 
Sand, gravel, clay .. . 
Gravel, clay ........ . 
. . . . . do ............. . 
Cemented gravel ..... . 
Clay ................ . 
Cemented gravel ..... . 
Compacted clay, 
gravel. 

..... do ............. . 
Clay ................ . 
Shaley clay ......... . 
Clay, shale ......... . 
Quartzite (bedrock) .. 

Clay, gravel ........ . 
Sand, gravel ........ . 
Clay, gravel ........ . 
Sand ................ . 
Gravel, sand ........ . 
Sand, clay .......... . 
Gravel, sand, clay .. . 
Gravel .............. . 
Clay, water at 
49.0 feet. 

Sand, clay, gravel ... 
Cemented gravel, 
water at 24.0 feet. 

Clay ................. 
Cemented gravel, clay 
Cemented gravel. ..... 
Talc (bedrock) ....... 

Sand, clay, gravel, 
water at 18.0 feet. 

Gravel, sand, clay ... 
Cemented gravel. ..... 
Gravel ............... 
Clay................. 
Loosely cemented 

gravel. 
Clay................. 
Compacted gravel, 
clay. 

Phyllite (bedrock) ... 

Color 

Gray. 
Tan. 
Brown. 
Blue . 

Do. 
Gray. 
Blue. 

Do. 

Brown. 
Blue. 
Green. 

Do. 
Blue. 

Red. 
Brown. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

White. 

Brown. 
Blue. 

Do. 
Do. 
Do. 

Gray. 

Brown. 

Do. 
Blue. 

Do. 
Gray. 
Blue. 

Green. 
Gray. 

Do. 
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TABLE A-5 . - Geologic logs--drill holes --Cont inued 

Stratigraphic Distance, 
Hole interval, feet Ma terial Color 

feet 
B.. .. ... . . ... ...... ... 0 - 18 . 0 18.0 Gravel, sand, water Brown . 

at 10 . 0 feet . 
18.0- 23.5 5 .5 Gravel, cl ay, sand .. . Do. 
23.5- 25.0 1.5 Clay ................. Do. 
25. 0 - 40.0 15.0 Gravel ......... . .... . Do. 
40.0-140.0 100.0 Cemented gravel, Blue . 

140.0-143.0 3.0 Andesite (bedrock) Gray. 

c.. . ........... ...... . 0 - 5.0 5.0 Gravel, sand ........ . Brown . 
5.0- 20.0 15.0 Gravel, sand, clay, Do. 

water at 12.0 feet. 
20.0- 25. 0 5.0 Cemented gravel, Do. 

sand, clay. 
25.0- 30.0 5.0 Sand, clay, gravel ... Do . 
30.0- 41. 0 11.0 Clay, gravel, sand ... Do . 
41. 0- 47.0 6.0 Grave l, sand, clay ... Blue . 
47.0- 50.0 3.0 Clay, sand .. . ...... .. Do. 
50.0- 95.0 45.0 Cemented gravel, Do. 

sand, clay. 
95.0-141.5 46.5 Cemented gravel. ..... Do. 

141.5-145.0 3.5 Phyllite (bedrock) ... Gray . 

D................. .. .. 0 - 2.0 2.0 Clay . .......... . . .... Brown. 
2.0- 10. 0 8.0 Clay, sand .. ......... Gray. 

10.0- 11. 5 1.5 Gravel , clay , sand ... Do. 
11. 5- 33.5 22.0 Clay, sand, water Do. 

at 34.0 feet. 
33.5- 40.0 6.5 Cemented clay , sand, Do. 

gravel. 
40.0- 45.0 5.0 Clay, sand ...... . .... Do. 
45.0- 50.0 5.0 Cemented gravel. ..... Do. 
50.0- 55.0 5 .0 Clay, sand ........... Do. 
55.0- 64.0 9.0 Cemented clay, sand, Wh ite . 

gravel. 
64.0- 72.0 8.0 Clay, sand ..... .... . . Brown. 
72.0- 75.0 3.0 Gravel . ... . .. .. ...... Do . 
75.0-125.0 50 . 0 Gravel, clay, sand ... Do . 

: 
I 125.0 -1 28.0 3.0 Sand ......... .. ...... Do . 

128.0-130.0 2.0 Gravel ... ..... .. ... . . Dt) . 

130.0-150.0 20.0 Sand .......... . .. . ... Do. 
150.0-158.0 8.0 Gravel, sand, clay .. . Do. 
158.0-180. 0 22.0 Cemented gravel, Blue. 

sand, clay . 
180.0-207.0 27 . 0 Cemented sand, Do . 

gravel, clay. 
207.0-212.0 5 . 0 Phyllite (bedrock) ... Gray . 
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TABLE A- 5. - Geologic logs --drill holes - -Continued 

Stratigraphic Distance, 
Hole interval, feet Material Color 

feet 
E ....... . ............. 0 - 46.0 46 . 0 Clay, gravel, sand ... Red-gray. 

46 . 0 . 48 . 0 2 . 0 Clay ... .... .. .. . .... . Gray. 
48.0 -1 02 . 0 54.0 Clay, sand, gravel ... Do. 

102.0 - 122.0 20.0 Clay, gravel . . ... .... Do. 
122.0 - 140.0 18 . 0 Gravel, clay ...... .. . Do. 
140.0-153.0 13 . 0 Clay, gravel ......... Do. 
153.0-180.0 27.0 ..... do ............. . Yellow . 
180.0 - 218.0 38.0 Clay, gravel, sand ... Gray - tan. 
218 . 0 - 222.0 4 . 0 Cemented gravel. ..... Blue. 
222.0 - 227.0 5.0 Clay .... . .. .......... Do. 
227 . 0 - 273.0 46.0 Cemented gravel, clay Do. 
273. 0 -318 . 0 45.0 Cemented gravel. . . .. . Do. 
318 . 0 - 332.0 14.0 Gran ite (bedrock) .... Gray. 

VH- 1 ......... . ... . .... 0 - 32.0 32.0 Gravel, clay ......... Brown. 
32. 0 - 47.0 15 . 0 Cemented gravel, sand Blue. 
47.0 - 92.0 45.0 Cemented gravel .. . ... Do. 
92. 0 - 104. 0 12.0 Cemented clay, gravel Do. 

104 . 0 - 11 2 . 0 8.0 Cemented gravel. . .... Do. 
112 . 0 -114. 5 2.5 Sand ..... .... . . .. . ... I Do. 
114 . 5 - 121.0 6.5 Cemented gravel .. ..· . . I Do . 

BL - 1 ... . .............. 0 - 56.0 56.0 ..... do ............ .. Do . 
56 .0- 57.0 1.0 Phyll it e (bedrock) . . . Gray. 

BL - 2................ .. 0 - 16.0 16.0 Cemented clay, gravel Blue. 
16.0 - 32. 0 16.0 Cemented gravel . ... .. Do. 

BL - 3 .............. .... 0 - 28. 0 20. 0 . . ... do ..... .. . .. .... Do . 
28.0 - 32.0 4.0 Cemented gravel, clay Do. 

BL - 4 . . .. ........ . . . .. . 0 - 16.0 16.0 Cemented gravel .. .... Do. 
16 .0 - 23.0 7. 0 Cemented clay, gravel Do. 
23.0 - 27.0 4.0 Cemented gravel. .. .. . Do. 
27.0 - 32.0 5.0 Clay, gravel ......... Do. 

Bl - 5 . . ..... .. ... ...... 0 - 28.0 28.0 Cemented gravel , clay Do. 
28.0 - 28 . 8 . 8 Clay .. . .............. Do. 
28.8 - 32 . 0 3.2 Cemented gravel. ... . . . Do. 

BL - 6 ..... ... ..... .. ... 0 - 29 . 0 29 . 0 Clay, gravel . . . . .... . Do. 
29. 0 - 45.0 16.0 Cemented gravel. ... . . Do. 
45.0 - 47.0 2 . 0 Cemented gravel, clay Do. 
47.0 - 48.5 1.5 Phyllite (bedrock) ... Gray. 
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TABLE A-5. - Geologic logs--drill holes--Continued 

Stratigraphic Distance, 
ilole 

l!L .. - 7. . . . . . ......... .. . 

i~ L- 8.... . . . . . . . . ... . . 

ilL - 9 ...... . ..... .. ... . 

J;L - 10 ..... . . ..... .. . 

1, 1. - J 1 . . ... .. . .... . 

BL - 12 . ........ . ...... . 

Strat i gr aphic channel: 
T- 1. . . . . . . .. . . . . . 

T-2 .. . . . . . . . . ..... 
T-3. . . . . . . .. 
T-4. . . . . . . . . . . . 
T- 5. . . . . . . 
T- 6. . . . . .. . . 

T-7. . . . . . . . . . . . . .. 
T- 8 .. . . . . . . . . . . . . . . . 
T-9 .. . . . . . . . . 
T-10. . . . . . . . . . . .. . 
T-11. . . . . . . . . . . . . . 
T-1 2..... . . . . ... . . . . 
T-13 ....... . . . . . ... 

interval, 
feet 

0 - 13 .0 
13.0- 16.0 
16.0- 35.0 

0 -
11.0-
15.0-
25.0 -
27. 0-
31.0-

0 -
32.0-

0 -

0 -
27 . 0 -

0 -

0 -

2 .0-
5 . 0 -
8.0 -
9 . 0 -

10.0 -

11. 0 -
12. 0 -

11.0 
15.0 
25.0 
27.0 
31. 0 
35.0 

32.0 
35.0 

31. 8 

27. 0 
31. 8 

29 . 0 

2.0 

5 .0 
8.0 
9.0 

10.0 
11 . 0 

12 . 0 
13.0 

13.0- 14.0 
14 .0 - 15.0 
15. 0 - 16.0 
16.0- 17.0 
17. 0- 18.0 

I 

i 
I 

feet 

13.0 
3.0 

19.0 

11. 0 
4.0 

10.0 
2.0 
4.0 
4. 0 

32. 0 
3.0 

31. 8 

27. 0 
4.8 

29.0 

2.0 

3.0 
3.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Material 

Cemented gravel. ..... 
Cemented gravel, clay 
Cemented gravel. ..... 

. .... do ..... . ..... . .. 
Cemented gravel, clay 
Cemented gravel. ..... 
Clay . ........... ..... 
Cemented gravel. .... . 
Cemented gravel, 

sand, clay. 

Cemented gravel. ..... 
Cemented gravel, clay 

Compacted sand, clay, 
gravel. 

..... do .............. 
Cemented gravel. ..... 

Compacted sand, clay 
gravel. 

Gravel, clay, sandy, 
lens. 

Coarse gravel, sand .. 
Gravel, sand, clay ... 
Coarse gravel, sand . . 
Sand, gravel ......... 
Coarse gravel, sand, 

cobbles . 
. . . . . do .. . ........ .. 
. .... do ... . ............. 
. . . . . do .............. 
. . . . . do .............. 
. .... do .............. 
. . . . . do ..... . ........ 
Cemented gravel . ..... 

Color 

Blue. 
Do. 
Do. 

Do. 
Do . 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
' 

Red-tan. 

Brown. 
Do. 

Red. 
Brown. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do . 
Do. 
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