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ABSTRACT

The case history of the surface geochemical sampling program 

at the Juniper Canyon Cu-Mo occurrence focuses upon the results and 

evaluation of the soil sampling program. The s ta tis tic a l analysis 

of the soil sample data proves to be a very simple and e ffec tive  tool 

for describing the d istribution  of Cu and Mo in the soil horizons and 

for evaluating the orientation survey and the sampling methods.

A granodiorite stock hosts the Cu-Mo m ineralization and its  

accompanying hydrothermal a lte ra tio n . Many dikes, a quartz monzonite * 

stock and a quartz d io rite  intrusion cut the granodiorite. The bed

rock geology and a ltera tio n  are important to the design, in terpreta

tion and evaluation of the geochemical sampling program.

The s ta tis tic a l analysis of the soil data suggests that Mo 

is fa ir ly  equally distributed between the A and B soil horizons, but 

that Cu concentrations are quantifiably higher in the B horizon. I t  

also signals that eluviation is a s ignificant problem which makes the 

A soil horizon a poor sampling medium for Cu. Both the d istribution  

and intensity of soil sample Cu-Mo anomalies are sem i-quantitatively  

reflected in the detailed stream sediment sampling results. The 

study conclusions emphasize the sampler's role in an accurate geo

chemical sampling program.

/
/

v i i i



CHAPTER 1

INTRODUCTION

Study Purpose and Chronology

The purpose of this study was to design, execute, and evaluate 

a geochemical program for the Duval Corporation's Juniper Canyon Cu- 

Mo occurrence in northwestern Nevada. The evaluation stage o f this  

study is perhaps its  most important aspect. In-depth evaluations of 

surface geochemical sampling programs are not often done in industry, 

perhaps because of the long-term nature of the returns. Simple, 

graphical, s ta tis tic a l methods are found to be e ffec tive , inexpensive 

in terpretative and evaluation tools. Log-probability plots help to 

quantify the d istribution  of Mo and Cu in the A and B soil horizons, 

and they shed lig h t upon other in terpretative problems that might 

otherwise have been missed. The study was planned to be relevant to 

the work of a f ie ld ,  economic geologist who uses geochemical soil and 

stream sediment sampling as exploration tools, but one who has had 

l i t t l e ,  formal geochemical or s ta tis tic a l tra in ing .

The chronology of the program was as follows: stream sedi

ment sampling, based upon a geologic concept, iden tified  the area of 

interest; preliminary soil sampling and follow-up stream sediment 

sampling were the next steps; a soil sampling orientation survey 

preceded additional soil sampling by a revised method; geologic map

ping began simultaneously; compilation and interpretation of the data

1
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were constantly updated during the work; and the s ta tis tic a l evalua

tion of the program was carried out a fte r  the f ie ld  and analytical 

work were concluded. The chronology is typical of sim ilar industry 

programs except that a s ta t is t ic a lly  s ignificant number of soil 

samples were taken before the sampling method was revised as a result 

of the orientation survey. This circumstance permits a comparison 

of the two sample types and an evaluation of the information thus 

gained.

The fie ld  and in terpretative methods used in this study are 

b rie fly  presented prior to the discussions of geology and geochemistry 

which follow. The sampling f ie ld  methods and notes are not discussed 

in great d e ta il, although insuffic ien t fie ld  notes were often more 

costly and less e ff ic ie n t than complete observations at each sample 

s ite . Good survey notes aided geochemical and geologic in terpreta

tions as well as other phases of the Juniper Canyon exploration 

program. The geology of the Juniper Canyon area was mapped, but in 

this presentation these data are used prim arily to reduce geologic 

variables in the study of geochemical sampling methods, and to help 

relate soil sample anomalies to mineral occurrences in bedrock.

Some data on the geology, p articu larly  the structural geology, are 

only b rie fly  discussed in the text but are presented in map form.

This information is included for the sake of completeness, but i t  is 

regarded as peripheral to the geochemical case history of the Juniper 

Canyon prospect.



As in any case history, the specific results of this study are 

lim ited in th e ir application to other areas, even those within the 

Great Basin. Hopefully, some of the concepts and methods w ill  have a 

wider a p p lic a b ility .

3

Geology

Field Methods

In July, 1974, I prepared a reconnaissance geologic map of 

the Juniper Canyon area on aeria l photographs at a scale of 1 in = 

1000 f t  (1:12,000). Between May and August, 1975, the area was 

mapped in greater d e ta il, producing an outcrop geologic map at a 

scale of 1 in = 400 f t  (1 :4 ,800 ). The data were plotted in the 

fie ld  on photo enlargements and the information was then transferred 

to a topographic map at the same scale. The map was compiled by 

photogrammetric methods using barometric elevations for vertica l 

control.

Slabs and thin sections were prepared from more than 65 rock 

samples. Several slabs were stained to aid in textural and mineral- 

ogic descriptions. Rock descriptions and some geologic in terpreta

tions were based upon the study of thin sections, but detailed  

petrographic descriptions are beyond the scope of this report. The 

rock names assigned follow the Williams, Turner and Guilbert (1954) 

class ifica tion  system used in conjunction with the Travis (1955) 

c lass ifica tio n . The mineral percentages given are visual estimates 

from thin sections and stained slabs.
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Geochemistry

Samples of recent, f in e , stream sediment were taken from 

major drainages; the locations were marked in the f ie ld  and plotted  

on aeria l photographs or topographic maps. Field notes varied 

according to the sampler, but they generally contained: the direction

of the stream flow; stream bed width; width of the stream flow, i f  

present; names and percentages of rock types observed in the alluvium; 

any evidence of rock a ltera tio n  or m ineralization; and any other 

factor that might a ffec t the sample result. Tributaries of anomalous 

drainages were la te r systematically sampled by the same method, and 

some sample sites were resampled to verify  that results could be 

duplicated.

Over 1200 soil samples were collected by the w rite r and 

other Duval personnel: the sample grid measured about 3,415 m by

2,195 m (11,200 f t  by 7,200 f t ) .  Samples were spaced at 61 m (200 f t )  

on lines 30-150 m apart (100-500 f t ) .  In areas of follow-up soil 

sampling, discussed in detail in this report, sample sites were on 

61 m (200 f t )  centers. Sample locations were determined by pacing, 

and most lines were controlled by reference to a surveyed claim 

block.

• Soil samples were taken by two methods in this study: the

in it ia l  samples were from the A horizon, and la te r samples were 

from the upper B horizon. The change in procedure was made when soil 

sample results were compared to bedrock metal values through an 

orientation survey, which was designed for that purpose. The in it ia l



500 soil samples were taken from the A soil horizon. The orientation  

survey consisted of three sample lines which were sampled in both the 

A and the B soil horizon at th ir ty  sample s ites , many of which were 

within anomalous areas. Six additional soil profiles were described 

and sampled along trenches and road cuts. B horizon soil samples 

were compared to subjacent rock chip samples. As a result of the 

survey, the subsequent 725 samples were taken from the upper B soil 

horizon. Some aspects of the orientation survey are further discussed 

in Appendix A.

The in it ia l  A soil horizon samples were taken by the following 

method: loose su rfic ia l soil was scraped away from the sample s ite

with a hand trowel, and the underlying soil was sampled; the sample 

was placed in a numbered, p lastic  bag, and the location marked with 

a tag or ribbon containing the sample number. Notes usually only 

contained the grid location. Sampling was begun at a time when 

frozen ground made deeper samples impractical and, for consistency, 

the method was continued when the ground was not frozen. Thus, 

these samples were taken predominantly from the A soil horizon, with 

some from the B soil horizon on ridges where the A horizon was shallow 

and poorly developed.

The subsequent 725 upper B horizon samples were taken by 

digging a hole with a shovel well into the horizon. A p lastic  spoon 

was then used to scrape the sample from the upper B horizon at a 

consistent depth below the interface between the A and B soil horizons. 

The sample was placed in a paper sack, which permitted the sample to

5
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begin drying. The numbering and labeling of the sample sites were 

the same as the A horizon samples. Locations were referenced to 

claim posts and notes included: grid location, angle and direction

of slope, depth of sample, a b rie f soil description including color 

and clay content, bedrock type, and any m ineralization seen in f lo a t.

Analytical Procedures

The soil and stream sediment samples were sent to a commer

cial laboratory for analysis. They were dried, with any clay aggre

gation broken up by hand with a mortar and pestle, and the sample 

was sieved to -80 mesh. For the Cu analysis, samples were digested 

in 70% HCIO ,̂ and the solution was analyzed using a Perkin-Elmer 303 

atomic absorption un it. The detection and resolution lim its were 5 

ppm Cu.

The molybdenum analysis, carried out on the same pulps as the 

Cu analysis, was by a colorim etric method. A fter the HCIO  ̂ digestion, 

color was developed by the addition of iron and sodium thiocyanate 

solutions. A fter washing with SnC^, the molybdenum was extracted 

with isopentyl alcohol, and the solution was read on a B S L Spec 

"20" spectrophotometer. The detection lim it for the method was 1 

ppm Mo.

In terpretative Methods

The interpretation of the soil survey results involved the 

use of several standard methods. Analytical precision was monitored 

by submitting pulps and sample sp lits  to other laboratories and by
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sending some for reanalysis by the same laboratory. Sampling pre

cision was checked ind irectly  by taking two samples at the same 

location and soil horizon. The results monitored the combined sample 

and analytical precision. The influence of soil pH on metal concen

trations was check by a correlation diagram, and I tested for any 

relationship between soil pH and topography by inspection of the 

data in map form. The influence.of topography on the d istribution  

of metals was investigated by trench sampling, soil p ro files , and 

the inspection of the data in map form.

The survey data were contoured to aid in in terpretation . In 

this study, the mixed nature of the sample population made contouring 

somewhat inaccurate, but the high contrast between the anomalies and 

background made i t  possible and useful. The contours used are a 

compromise between the d istribution  of values in the A and B horizon 

sample groups. Contours for Cu concentrations are based upon the 

median value of the samples on the grid , 75 ppm Cu. The Mo contours 

of 2, b, and 8 ppm Mo were picked because they showed the geochemical 

re l ie f ,  and because the mean and median values were both below the 

detection lim it.

Graphical s ta tis tic a l analysis was also used to aid in in ter

pretation of the sample data. The method is a modification of those 

presented by Tennant & White (1959), Lepeltier (1969), Pars low (197*0 > 

Sinclair (1974, 1976), Levinson (1974) and others. The method is 

discussed in more deta il in Chapter 6, Comparison of A and B Soil 

Horizons: A S ta tis tic a l Comparison.
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Location, Physical Features and Climate

The Juniper Canyon Cu-Mo occurrence is located in the north

western fo o th ills  of the Seven Troughs Range in Pershing County,

Nevada (Figure 1). I t  is about 13 km (8 mi) north of the center 

of the Seven Troughs Mining D is tr ic t (Au-Ag), and about 56 km (35 mi) 

northwest of Lovelock, the county seat.

The physiography of the range is typical of mountains in the 

Great Basin. The north-northeast trending range has a fa ir ly  rugged 

topography, with a highest peak of 2372 m (7,782 f t ) .  The mountains 

rise above a llu v iu m -filled  valleys to the east and west at elevations 

of about 1,460 m (4,800 f t ) .  The area mapped lies  in rounded, steep 

fo o th ills  at elevations of 1,585 m to 2,075 m (5,200 f t  to 6,800 f t )  

at the northern end of the Seven Troughs Range.

Vegetation on the h ills id es  is restricted to sage and grasses, 

with some juniper trees above elevations of 1,830 m (6,000 f t ) .  Bushy, 

riparian vegetation is found in places along Juniper Canyon, which 

has a small perennial flow of water. Other washes are usually dry, 

except for springs or water seeps. Rainfall is estimated at 20-38 

cm/yr (8-15 in /y r ) , and the mean annual temperature is estimated to 

be 10°C (50°F), (Thomas, 1964; Houghton, Sakamoto, and G ifford , 1975).

History and Production

The Juniper Canyon property consists of 115 unpatented mining 

claims, staked by the Duval Corporation in 1973-74. The area mapped 

in detail is about 8 square kilometers. Mining claims were staked 

on the eastern portion of the property as early as 1909, during the
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peak of a c tiv ity  in the Seven Troughs D is tr ic t. In the 1920's, copper 

shows in the western part of the area mapped were explored. The only 

development work on the property was done at that time, and i t  con

sists of a shaft, two short ad its , and some prospect p its .

There has been no recorded production from the property. 

However, the Seven Troughs D is tr ic t, south and east of Juniper Canyon 

has a recorded production of 158,468 oz Au; 995,876 oz Ag; 820 lbs 

Cu; 250,735 lbs Pb; and 600 lbs Zn (Johnson, 1977; Si 1berman, et a l.  

1973).

Previous Geologic Studies

There is no previous work published sp ec ifica lly  on the 

Juniper Canyon area. The f i r s t  mapping in the Seven Troughs Range 

was carried out by the U .S.G .S., 40th Parallel Survey (King, 1878). 

Ramsome (1909) described the geology of the central portion of the 

range, but his report was the result of only a 5-day v is it  to the 

Seven Troughs D is tric t proper. Tatlock (1969) mapped Pershing 

County at a scale of 1:200,000, but no report accompanies his 

preliminary map. Results of Stewart's (1972) reconnaissance mapping 

of the Seven Troughs Range are included in the Stewart and Carlson 

(1974) Preliminary Geologic Map of Nevada at a scale of 1:500,000. 

Johnson's (1977) compilation map at a scale of 1:250,000 also cites  

Stewart's (1972) mapping of the Seven Troughs Range.



CHAPTER 2

REGIONAL GEOLOGY 

Introduction

In northwestern Nevada a large number of Cretaceous granodio- 

r ite  batholiths and stocks intrude Permo-Triassic and Triassic to 

Jurassic metavolcanic and metasedimentary rocks. In the mountain 

ranges. Tertiary  volcanic and sedimentary rocks overlie  the pre- 

Cenozoic units. Extensive Quarternary a llu v ia l deposits f i l l  the 

Basin and Range type valleys.

Paleozoic and Mesozoic Eras

The pre-Cretaceous geologic history of northwestern Nevada 

is hot well known because of lim ited exposures, the lack of marker 

beds, and lim ited study. Johnson (1977) gives a good summary of the 

information available . Some understanding o f the history of the 

area northwest of Juniper Canyon can be gained by extrapolation from 

the eastern part of Pershing County, where the pre-Cretaceous 

stratigraphy has been studied by Nichols and S ilberling  (1977) and 

others.

Permian System

The oldest rocks exposed west and northwest of the Seven 

Troughs Range are la te  Paleozoic metavolcanic and metasedimentary 

rocks which have been regionally metamorphosed to greenschist facies

11
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and locally to amphibolite facies. Johnson (1977) assigns these 

rocks to the Permian (? ), but they may be Permo-Triassic in age.

Bonham (1969, p. 42) concludes that western Nevada was "the s ite  

for the deposition of eugeosynclInal facies volcanic and sedimentary 

rocks throughout the Paleozoic". These rocks may have been deformed 

by the Sonoma Orogeny which is described by Roberts (1951) and 

Ferguson, Roberts, and Muller (1952).

Triassic and Jurassic Systems

A thick section of Mesozoic dark slates, phyllites  and horn- 

fels constitutes the major pre-Cretaceous unit exposed in the v ic in ity  

of the Seven Troughs Range (Figure 2 ). These unfossi1iferous meta- 

pel ites are assigned to the Jurassic-Triassic Auld Lang Syne Group, 

but they are undivided in western Pershing County because of the lack 

of litho log ic  breaks.

Mesozoic tectonism is Indicated by abrupt changes in sediment 

types and source areas during Late Triassic time (Johnson, 1977)• 

Continuing tectonic a c tiv ity  is suggested by Speed (1962, 1963) who 

hypothesizes that Jurassic (153 my) ultramafic intrusions in eastern 

Pershing County accompanied a major episode of thrust fau lting . The 

Nevadan Orogeny (Roberts, 1968) may have been responsible for the 

deformation and some of the metamorphism of the Mesozoic sedimentary 

rocks.

Cretaceous System

A major Cretaceous intrusive event in northwest Nevada has 

been described by Smith, McKee, Tatlock, and Marvin (1971). Using
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26 K/Ar dates, they proposed the name Lovelock Intrusive Epoch for a 

group of granodiorite to quartz monzonite intfusives whose ages range 

between 105 my and 85 my.. They consider the event to be a spatial 

and temporal 1 ink between the Sierra Nevada Batholith and the Idaho 

Batholith. The Seven Troughs stock intruded Auld Lang Syne Group 

rocks and is overlain by Miocene volcanic rocks. Because its  texture, 

mineralogy and composition are very sim ilar to those of the surround

ing Lovelock intrusions, presumably i t  is also Cretaceous in age.

The regional metamorphism of the pre-Cretaceous sediment and 

rocks may have been contemporaneous with the extensive Cretaceous 

intrusive a c tiv ity . Certainly some folding, contact metamorphism 

and m etallic m ineralization in the Jurassic-Triassic sediments is 

Cretaceous in age. Tungsten, prim arily as scheelite, occurs in limy 

beds of the metasedimentary rocks near granodiorite stocks. Some of 

the Cretaceous intrusions are cut by Cretaceous (?) quartz veins 

which contain Cu-Mo m ineralization.

Cenozoic Era

Tertiary System

The south-central, western, and northern portions of the 

Seven Troughs Range are underlain by Tertiary volcanic and sedimentary 

rocks (Figure 2 ). Stewart and Carlson (1976) assign these basalts, 

andesites, rhyolites, and sediments to a period of volcanic a c tiv ity  

between 17 and 6 my ago. An interpretation of Tatlock's (1969) 

mapping indicates three Tertia ry  geologic, events in the range: the

extrusion of older rhyolites; an episode of complex volcanic a c tiv ity
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with andesitic to rh y o litic  dikes, flows, tu ffs , and assorted sedi

ments; and, f in a lly , the extrusion of o liv ine  basalts. A K/Ar date 

on adularia in a vein breccia of the Seven Troughs D is tric t places 

the Au-Ag mineralization in the Miocene, or at 13.7 my ago (Silberman, 

Johnson, Koski, and Roberts, 1973).

- Tertiary volcanic a c tiv ity  at Seven Troughs was probably 

coincident with the beginning of Basin and Range extension and wide

spread bimodal b a sa ltic -rh y o litic  volcanism in Nevada. Stewart and 

Carlson (1976, pp. 4-5) have summarized some theories explaining 

the causes of Cenozoic extension tectonics as follows:

(1) oblique tensional fragmentation within a broad belt of 
r ig h t-la te ra l movement along the western side of the North 
American lithospheric plate (see Atwater, 1970), (2) spread-1 
ing related to subduction of a spreading ridge (the East 
Pacific Rise) (see McKee, 1971), or (3) spreading caused by 
mantle upwelling behind a magmatic arc (backarc spreading) 
or to slackening compression a fte r  destruction of a sub
duction system (Scholz and others, 1971).

Quarternary System

Tatlock (1969) and Stewart and Carlson (1974, 1976) d iffe ren 

tia te  two ages of Quaternary alluvium in the valleys adjacent to the 

Seven Troughs Range. The exposures of older alluvium may be the 

result of base level changes due to recent normal fau lting . The 

older alluvium exposures are on the east side of the valleys; my 

interpretation is that the western sides of the valleys adjacent to 

the range are down dropped in relation  to the eastern sides.

Stewart and Carlson (1976) mapped several Quarternary- 

Tertiary landslide deposits in northern Nevada, but they mapped none



in the Seven Troughs Range. In this study a small lands!ide(?) 

deposit was recognized in Juniper Canyon.



CHAPTER 3

GEOLOGY OF JUNIPER CANYON 

Introduction

The main purpose of the geologic mapping in this study was 

to provide control for the interpretation of the geochemical sampling 

program. The control permitted the assessment of geologic variables 

in the soil sampling program design and the reduction of variables 

in the in terpretation . Some of the information gathered was used 

in an economic evaluation of the Cu-Mo occurrence.

The following b rie f descriptions of the rock types mapped at 

Juniper Canyon supplement the information presented on the geologic 

map (Figure 3, in pocket). A ltera tion , m ineralization, and structural 

geology are also b r ie fly  described to provide the setting for the sub

sequent sections on the geochemical sampling program.

The area mapped in this study is located in the northern 

portion of a large granodiorite stock in the Seven Troughs Range 

(Figure 2 ). The granodiorite intruded and metamorphosed rocks of the 

Auld Lang Syne Group. The Mesozoic metamorphic rocks are not present 

in the area of study, but are exposed to miles .to the south. Tertiary  

volcanic rocks cover the intrusion to the north and east, and 

Quaternary alluviam covers i t  to the west. A small quartz d io rite  

boss, a larger quartz monzonite stock, and various dikes intrude the

17



granodiorite, as shown on the detailed geologic map (Figure 3)•

The units shown on the map are discussed in the following paragraphs, 

and they are coded with map terms to fa c il i ta te  reference.

Description of Map Units

18

Granodiorite (Kgd)

A medium-grained Cretaceous granodiorite (Kgd) is the oldest 

and most widespread rock type mapped (Figure 3 ). The granodiorite 

is weakly porphyritic, containing equidimensional phenocrysts of 

zoned plagioclase, which are up to 6 mm in size, in a medium-fine

grained groundmass of plagioclase, orthoclase, quartz, b io tite , and 

hornblende. Typically , mineral percentages vary from 45 to 60% 

plagioclase; 8 to 15% orthoclase; 5 to 20% quartz; 5 to 7% b io tite ;  

and about 3% hornblende with minor sphene and magnetite. Changes 

in texture and variations in mineral percentages are often mega

scop i call y observable in the f ie ld ,  but most were too subtle to map. 

Mafic c lo ts , composed prim arily of b io tite  and feldspar, occur in the 

granodiorite. These may be resorbed metasedimentary inclusions.

Ransome (1909, p. 21) and Johnson (1977, pp. 32-33) give 

chemical analyses of the granodiorite stock. The analyses are 

sim ilar to each other and they seem generally consistent with the 

mineral percentages given above. The Cretaceous age has been 

assigned by various workers and is accepted in this study on the 

permissive evidence described e a rlie r  in the regional geologic 

description.



19

Biotite-Granodiorite (Kbgd)

Biotite-Granodiorite (Kbgd) is a mappabfe, tex tu ra l- 

mineralogic variation in the granodiorite. I t  crops out only in a 

small area to the east of Juniper Canyon (Figure 3 ). Phenocrysts 

of plagioclase up to 5 mm in length occur in a matrix of medium to 

fine-grained equigranular b io tite -g ranod iorite . B io tite  content 

approaches. 20-25^ of the rock. A small, unmapped hornblende grano- 

d io r ite , with hornblende phenocrysts up to 5 cm in length, is a 

mineralogical and textural variation adjacent to the b io tite -  

granodiori te .

Breccia (Kbx)

Several small areas have been mapped as breccia (Kbx). The 

largest exposure of the breccia straddles Juniper Canyon adjacent to 

the b iotite-g ranod iorite  (Figure 3 ). The breccia consists of 

variously sized (< 1 to > 30 cm) angular to subangular granodiorite , 

(Kgd) fragments in a fine-grained, high b io tite  (to 40%) granodiorite 

matrix.

The matrix usually comprises less than 30% of the rock.

Small fragments within the fine-grained material show strongly pre

ferred but varied orientations that suggest flow around the larger 

fragments. Ellipsoidal fragments of granodiorite with long axes up 

to 25 cm show measurable orientations in one exposure of the breccia.

The breccia is considered to be an intrusion breccia because 

the matrix is holocrystal1ine, sim ilar in composition to the grano

d io r ite , and shows flow around the granodiorite fragments. I
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in terpre t,that the brecciation occurred late during the intrusion of 

the granodiorite intrusive complex.

Quartz Monzonite (Kqm)

A quartz monzonite (Kqm) stock, present in the northwestern 

part of the area mapped (Figure 3 ), intrudes the granodiorite. Like 

the granodiorite, i t  is presumed to be Cretaceous in age. I t  has 

been mapped as a leucogranite on reconnaissance and compilation maps 

by Johnson (1977), Tatlock (1969), and Stewart and Carlson (197^).

The quartz monzonite is medium-grained and s lig h tly  coarser 

in texture than the granodiorite. I t  is generally equigranular. On 

the basis of eight representative samples, i t  contains 38 to 50% 

plagioclase, 21 to 35% orthoclase, and 15 to 25% quartz. B io tite , 

hornblende,.chlorite, and epidote, a ll  in various combinations, can 

constitute up to 12% of the rock. The less altered portions of the 

intrusion suggest that the rock contained about 6% b io tite  and 3% 

hornblende.

Because of variations in mineralogy and a ltera tio n  the e s ti

mations of mineral percentages in the quartz monzonite are less 

accurate than those for the other intrusions. B io tite  and hornblende 

are often altered to ch lorite  and epidote—quite often no dark green, 

mafic minerals are present at a l l .  However, epidote is usually 

present when the other three minerals are absent, although it . is not 

clearly pseudomorphic a fte r  any of them.

The contact between the granodiorite and the quartz monzonite 

is d if f ic u lt  to trace. The two main c r ite r ia  used to identify  the
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quartz monzonite are: 1) the rock Is coarser and less porphyritic

than that of the granodiorite, and 2) the orthoclase content is 

higher and its  color is pinker. The absence of b io tite , hornblende 

and ch lorite  in the presence of lig h t green epidote in some of the 

altered quartz monzonite emphasizes the pink hue to the rock in 

contrast to the granodiorite.

Intermediate Porphyritic Dikes (TKpd)

Three small d ike -like  bodies of porphyritic quartz monzonite(?) 

are mapped as TKpd. These are known to be present only to the east 

of the quartz d io rite  boss. They contain 2-4 mm phenocrysts of plagio- 

clase and rare phenocrysts of orthoclase and quartz in a fine-grained, 

monzonite groundmass that is high in b io tite . These are the only 

mineralized dikes known to be present at Juniper Canyon. The copper 

mineralization occurs in thin veinlets and microveinlets as rare 

chalcopyrite, limonite a fte r  chalcopyrite, tenorite and green 'copper 

oxides1.

Some unmineralized porphyritic dacite(?) dikes are also mapped 

as TKpd. The dacite dikes are lig h t colored and prophyritic; they 

contain plagioclase phenocrysts to 4 mm in length in an aphanitic, 

lig h t greenish-gray, quartzose groundmass. Many o f the dacite dikes

are spatia lly  associated with the quartz monzonite in the northwest
v,

portion of the map (Figure 3 ). The quartz monzonite and the dacite 

dikes cut both the granodiorite and the quartz monzonite, but they 

were not observed to cut one another; therefore th e ir re la tive  ages

are uncertain.
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The intermediate porphyry dikes (TKpd) are sp atia lly  associated 

with the Cretaceous intrusions which they cut and compositionally 

sim ilar to them. The dikes may be related to the la te  stages of the 

complex "stock intrusive system, or they could be Tertiary  in age. 

the mineralized quartz monzonitic dikes may be syn-mineral, or they 

may be pre-mineral and se lectively mineralized due to structural 

or compositional controls.

Quartz D iorite  (Tqd)

A boss of mafic intrusive rock is central to the area mapped 

in Figure 3. The most common rock of the intrusion is quartz d io r ite , 

but also present are gabbro, melanocratic quartz d io r ite , quartz 

d io rite , and d io r ite . The texture and mineralogy of the rocks of the 

intrusion vary considerably. Typically , the rock is a medium-grained 

equigranular quartz d io rite  containing between 50 to 60% plagioclase,

15 to 20% hornblende, 10 to 15% b io tite , 5 to \k% quartz, and 1 to 3% 

magnetite with traces of sphene, orthoclase, and epidote. Some parts 

of this small intrusion are porphyritic and others are actually  

porphyries. In one extreme compositional variant 6 mm square augite 

phenocrysts, rimmed by hornblende and b io tite , constitute up to 60% 

of the intrusive rock, possibly due to crystal se ttlin g  or some other 

magmatic process.

• The plagioclase of the quartz d io rite  shows extremely w e ll- 

developed oscilla to ry  zoning. Microprobe work by Weiber (oral 

communication, 1975) showed very regular oscilla to ry  zoning at a 

plagioclase composition of about An^y across most of the c ry s ta l,



with an abrupt change to a lb ite  at the crystal boundaries. A lb ite , 

quartz, and orthoclase occur in te r s t it ia l ly  to the plagioclase and 

mafic minerals.

The extremely wel1-developed oscilla tory  zoning, the abrupt 

change to a lb ite  in te rs t it ia l to the An^g plagioclase, and the 

marked textural changes indicate a very unusual intrusive history 

for the rock. Both Welber and Loomis (oral communication, 1980) 

have studied these intrusive processes at the University of Arizona, 

but a detailed discussion is beyond the scope of this thesis.

The quartz d io r ite  c learly  cuts the granodiorlte, and i t  is 

considerably more mafic in composition. Some of the dikes that 

are probably genetically related to the d io rite  have fine-grained  

margins which possibly indicates c h ill at the contacts. The d io rite  

could be Late Cretaceous, but i t  is more probably Mid-Tertiary in age 

and Associated with the andesitic Tertiary  volcanism in the Seven 

Troughs Range.

Lamprophyre Porphyry Dikes (Td)

The dikes of a major system that cuts the granodiorite are 

sim ilar in composition to the quartz d io rite  boss; they occur on a ll  

sides of the d io r ite . Surface exposures of these dikes are both 

para lle l and radial to the quartz d io rite  intrusion. The attitudes  

of several are shown on the map (Figure 3). The dikes are dark 

green to black in color and are somewhat varied in texture and com

position. They commonly contain phenocrysts of pyroxene or hornblende 

in a fine-grained d io rite (? ) m atrix. Many, i f  not a l l ,  of these
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dikes may have been emplaced at the same time as the quartz d io r ite . 

Other dikes mapped as Td, are hornblende-andesite dikes, which 

rarely crop out, but which are found in road cuts and f lo a t . None 

of the Td dikes are mineralized or appreciably a ltered .

Volcanic Dikes (Tvd)

Another wel1-developed set of dikes, mapped as Tvd, cuts the 

quartz d io r ite  as well as the granodiorite. The rock weathers dull 

reddish brown, and is medium gray on a fresh surface. The groundmass 

is aphanitic and soft (H 3 -4 ), and is largely weathered or altered  

to clay (? ). Two to fiv e  percent of the rock is composed of lig h t * 

colored, 1-2 mm specks, which are possibly clays or zeo lites  a fte r  

plagioclase phenocrysts. Some voids and irregu lar pods of lig h t 

colored, soft material up to 1 x 6 mm in size appear to have been 

vesicles.

Attitudes of the Tvd dikes are d i f f ic u l t  to obtain, but 

outcrop patterns suggest a predominantly north-northwest s trik e  with 

steep to moderate northeast dips. In some cases, however, the dikes 

clearly  s trike  in a north-easterly d irection . The Tvd dikes repre

sent the youngest intrusive event in the area, and may be a product 

of the Tertiary  volcanic a c t iv ity . -r

Volcanic Rocks (Tv)

Tertiary  volcanic rocks (Tv) are found mainly in the north

east portion of the map area, where they o verlie  the granodiorite.

A basal l i th ic  tu f f ,  welded ash flow tu ffs  and basalt were id en tified
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and mapped in the f ie ld  work, but are combined into one unit for the 

purposes of this report. The Tertiary  rocks thicken considerably 

north of the map area (Figure 3) and thin east and southeast of i t .  

Several exhumed exposures of unaltered granodiorite can be found in 

the volcanics east of the geochemical anomaly, which lim it the 

eastward extent of the altered-mineralized system.

Along most of the contact with the granodiorite, the basal 

volcanic unit is a moderately-to-poorly welded, lig h t colored, l i th ic  

ash flow or a ir  fa ll  tu f f .  The thickness varies from a few meters 

to more than 30 meters (100 f t ) ,  and the unit was probably deposited 

on an irregular topographic surface. The tu f f  is composed mainly 

of pumiceous material and accidental l i th ic  fragments of chalcedony 

and fine-grained siliceous volcanic rock. Neither flow banding nor 

bedding are apparent.

Two other volcanic units are present in the area of Figure 3. 

A thick sequence of biotite-sanadine welded ash flow(?) tu ffs , 

probably rhyodacitic in composition, overlies the l i th ic  tu f f .  In 

some exposures, these rocks appear to be d ike -like  intrusions, but 

this may be due to irre g u la ritie s  in jo in tin g  and flow banding. The 

other volcanic rock type encountered is a dark, fresh-appearing 

o liv ine basalt which apparently overlies the granodiorite in one 

small (200' x 200') h illto p  area of the intrusive-volcanic contact.

Quaternary Deposits (QTls)

A poorly consolidated deposit with hummocky topography occurs 

in the upper regions of Juniper Canyon, and appears restricted to
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the one lo ca lity  shown on Figure 3. The deposit is exposed in the 

banks of a stream at a major bend in the canyon which is cut into the 

granodiorite. May boulders of volcanic rock are enveloped in a 

poorly indurated mixture of mud, sand, and gravel. Portions of the 

deposit show crude s tra tif ic a tio n , but most of the exposed part has 

no obvious bedding. The internal structure of th is deposit was not 

studied in d e ta il, but the material appears to have been deposited 

as a landslide or debris flow which originated in the upper portions 

of the stream drainage. The deposit is mapped accordingly on Figure 

3 as QTls.

Small deposits of recent alluvium are found in the washes, 

but these are not mapped at the scale used. Likewise, some areas 

with.no outcropping bedrock are covered by talus and other co lluvial 

deposits, but these were not d ifferen tia ted  from soil cover in mapping, 

as they comprise less then 5% of the area.

A1teration

Supergene and hypogene a lte ra tio n  often have a pronounced 

affect upon surface geochemical sampling programs, such as the stream 

sediment and soil sampling programs discussed in this study. One 

major effect is the increased m obility or contrasts in the m obility  

of some elements in an acid environment, such as that produced by 

the oxidation of p y rite . The a lte ra tio n  assemblages at Juniper Canyon 

are low in sulfide minerals, and they apparently have l i t t l e  e ffec t 

in producing secondary redistribution of metal values in the soils  

and stream sediments. Furthermore, a lteration  varies only s lig h tly
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over the area of granodiorite bedrock where the A and B soil horizon 

samples are compared in this program. Supergene and hypogene 

alteration  are therefore practical1y eliminated as sign ificant v a ri

ables in that study of the comparison of sample types.

' At Juniper Canyon, some broad patterns in the d istribution  

of a lteration  mineral assemblages can be described, and smaller 

textures such as a ltera tio n  assemblages adjacent to quartz veins, 

can also be defined. The general a lte ra tio n  pattern within the 

granodiorite includes a fracture controlled q u artz -seric ite -p y rite  

alteration  assemblage which is present and noticeable in outcrops 

adjacent to, and east o f, the quartz d io rite  intrusion. The a lte ra 

tion is not very obvious, and perhaps less than two volume percent 

of the rock is thus altered . Pyrite rarely exceeds 2 to 3 volume 

percent even adjacent to fractures, and the se ric ite  may be super

gene. Clay a lteration  is found in a few mineralized areas, but 

argil l ie  a lteration  is not common, and no d e fin ite  pattern was 

recognizable. A1bite-chlorite-epidote a ltera tio n  along veins and 

in pods, where coalescing veinlets occur, is generally peripheral to 

both the q u artz -seric ite -p y rite  a lteration  and the the Cu-Mo soil 

anomalies. However, a lb itiza tio n  is occasionally associated with weak 

Cu m ineralization.

Orthoclase-epidote ve in le ts , with epidote in the vein centers, 

are found throughout the prospect area, and are apparently restricted  

to i t .  They occur in a ll of the plutonic rocks, and many have 

siickensides developed in the vein centers. The d istribution of
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these veinlets is shown on the structure map (Figure 4, in pocket).

The veins are interpreted to have formed as an a lte ra tio n  product, 

with the epidote derived from the release of Ca, Fe, and Mg during 

the replacement of plagioclase by orthoclase and the destruction 

of the mafic minerals.

On a smaller scale, w ithin the granodiorite Cu-Mo mineralized 

quartz ve in le ts , generally less than 2.5 cm (1 in) in width, have 

zoned a ltera tio n  halos which rarely exceed 2 cm. A quartz-orthoclase 

assemblage is adjacent to the vein with s e r ic ite -p y r ite , clay and 

chlorite-epidote dominated assemblages successively further from the 

veins. The a lte ra tio n  is not pronounced in hand specimen, since only 

2 to 5 volume percent of the rock is thus a ltered .

The nature of the a lte ra tio n  of the quartz monzonite (Kqm) is 

problematical, as discussed in the rock descriptions. In some areas, 

an equigranular "normal" plutonic texture is present in the monzonite. 

In such locations the only apparent a lte ra tio n  is the c h lo ritiza tio n  

of hornblende and b io t ite , whose pseudomorphs are c learly  distinguish

able.

Throughout much of the intrusion, b io tite  and hornblende are 

not present, but lig h t green epidote is common. The lack of b io t ite ,  

hornblende and ch lo rite  and the presence of lig h t green epidote led 

to the f ie ld  term leucogranite fo r the rock in previous mapping by 

Stewart (Johnson, 1977). I in terpret the presence of epidote to be 

due to p ro p y litic  hydrothermal a lte ra tio n , which would be consistent 

with the observed "normal" quartz monzonite texture and mineralogy.
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Locally, a lb itiza tio n  of the feldspars accompanies both epidote and 

chloritized b io tite  and hornblende, together with traces of "copper 

oxides".

The quartz d io rite  may be deuterically a ltered , as evidenced 

by the in te rs t it ia l a lb ite  and the rimming of augite by hornblende 

and the rimming of the hornblende by b io tite . However, no hyro- 

thermal a lteration  of the quartz d io rite  is evident, other than that 

adjacent to the occasional, scattered orthoclase-epidote veining.

Mineralization

Anomalous copper mineralization occurs in thegranodiorite and, 

to a lesser extent, in the quartz monzonite and some dikes. Surface 

copper concentrations are not high, varying from 0.05 to 0.1% Cu in 

the bedrock of anomalous areas. Average Cu concentrations are lower. 

The area of mineralized rocks trends WNW, and is approximately 1.3 km 

(0.75 mi) wide and 5 km (3 mi) long.

Copper is present as chalcopyrite in quartz veins and as thin 

veinlets or coatings on fractures. Most of the Cu bearing quartz 

veins cut the granodiorite and are less than 2.5 cm (1 in) in width. 

They have a strongly preferred ENE strike with steep southerly dips, 

although fractures with a variety of attitudes are mineralized. Other 

Cu minerals are tenorite , or copper pitch, blue-green "copper oxides", 

and Cu-bearing hematitic limonite a fte r  chalcopyrite.

Molybdenite and ferrimolybdenite occur in quartz veins with, 

and without, chalcopyrite. Also, MoS2 is "disseminated" in altered  

granodiorite at several lo c a lit ie s . In one of these i t  is associated



30

with an anomalously high concentration of p y rite , up to 5%. The 

"disseminated" molybdenite probably occurs in m icroveinlets. However, 

the vein lets were not observed in thin section. One sample of the 

"disseminated" mineralization assayed at 0.8% Mo, but most rock chip 

samples averaged less than 50 ppm Mo, even in the best mineralized 

areas.

Structure

Structural data were gathered at most mapping stations; the 

structures and th e ir attitudes are shown on Figure k , (in pocket) 

which covers exactly the same area as Figure 3* Faults, shear zones, 

quartz veins, jo in ts , jo in t sets and structures with potassium fe ld 

spar and epidote a lteration  are shown, along with a few other 

miscellaneous features. The fau lts  are also shown on the geologic 

map, Figure 3. The d istribution  of structures such as Cu-Mo bearing 

veins is closely associated with the location of surface geochemical 

metal anomalies. A careful structural analysis might reveal addi

tional information on the d istribu tion  of the mineralized system in 

three dimensional space. However, this study concentrates upon the 

surface geochemical case history and, therefore, the following dis

cussion only touches upon some aspects of the structural-geologic  

setting of Juniper Canyon.

The quartz d io rite  intrusion crops out in a d e fin ite ly  

elongate pattern with its  long axis oriented WNW. Many dikes that 

are sim ilar to the quartz d io rite  in composition and texture para lle l 

the boss, while others are radial to i t .  Many faults have NW to W



s trik es , and v ir tu a lly  a l l  have siickensides which plunge to the west. 

Most structures north of the quartz d io rite  dip toward the south, and 

a high percentage of the few fau lts  mapped south of the boss dip to 

the north. The homogeneity o f the host granodiorite intrusion pre

cludes the measurement of the s lip  or the separation across the 

fa u lts .

The symmetry of the quartz d io r ite  plug, the dike system and ' 

the fa u lt pattern is remarkable and suggests that the features are 

in terre la ted . Possibly a rigorous treatment of the structural data 

plotted on Figures 3 and 4 could define the stra in  w ithin the grano

d io r ite , and thence a hypothesis for the possible stress environment 

at the time of the intrusion of the quartz d io r ite .

The preferred s trike  of orthoclase-epidote vein lets is s im ilar  

in pattern to that of the fau lts  (see Figure 4 ) . Indeed, many of 

these veinlets contain siickensides suggesting that the fau lting  and 

the vein formation could have been contemporaneous, or have formed 

under a s im ilar stress environment. I t  is possible that the fau lting  

postdates the orthoclase-epidote ve in le t formation, because some of 

the epidote contains siickensides.

Northeast of the quartz d io r ite  intrusion (Tgd), mineralized 

quartz veins have a dominant ENE s trik e  with steep dips to the south. 

Adjacent to the veins, fractures and veinlets with a varie ty  of a t t i 

tudes are m ineralized. Orthoclase-epidote vein lets are present 

adjacent to a mineralized quartz vein, but the age relationships 

between them could not be unequivocally determined, nor could any 

regular geometric pattern between the structures be established.

31



32

A visual inspection of the structural data suggest that the 

preferred orientations of mineralized quartz veins are d ifferent 

in areas to the northeast, northwest and southwest of the quartz 

diorite  boss. This could imply that the emplacement of the quartz 

d iorite  was genetically related to the veining. However, the 

mineralization extends thousands of feet from the intrusion and the 

d iorite  is unmineralized and unaltered, which would indicate that 

i t  is postmineral. Several issues remain unresolved because the 

structural geology of the mineralized system has not been analyzed

in d e ta il. There is no evidence that such analysis would be relevant
%

to the surface geochemical case history of the project, and the 

system does not appear to have su ffic ien t economic potential to 

warrant the expense.



CHAPTER 4

STREAM SEDIMENT SAMPLING PROGRAM 

Introduction

The Juniper Canyon Cu-Mo occurrence was found through a 

regional stream sediment sampling program in itia te d  by the Reno Duval 

Corporation s ta ff . The basic program design and methods were sim ilar 

to many industry exploration programs of the i 9601s. As part of 

this study, detailed follow-up stream sediment sampling and a soil 

sampling program were carried out. The results of the two surveys 

were then compared to judge the accuracy, reproducibility and 

efficiency of the stream sediment sampling program. Stream sediment 

sampling of small drainages proved to be a useful follow-up tool to 

quickly and accurately delineate both the location and general tenor 

of areas that had soils and bedrock anomalous in metals.

Summary of Methods and Results 

The stream sediment sampling methods are described in an 

e a rlie r  discussion of sampling methods (see Chapter 1, Geochemistry, 

p. 3 ). The samples were prepared and analyzed by the same process 

as the stream sediments (see Chapter 1, Analytic Procedures, p. 6 ). 

The Cu and Mo concentrations of stream sediment samples at Juniper 

Canyon are superimposed on a geologic map in Figure 5 and 6 (in  

pocket). The areas of sample influence are outlined, and the metal 

concentrations of the samples are given in parts per m illion .
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The stream sediment sampling c learly  defined an area anomalous 

in copper. The anomaly lies  within the northern portion of the 

Cretaceous granodiorite stock, and encompasses the area geologically 

mapped and soil sampled in th is study. Cu concentrations in the 

sediment ranged from 20 to 185 ppm, with an arithm etic mean of 84 

ppm. The arithmetic mean of 12 samples outside the area of Figure 5, 

but s t i l l  within the boundaries of the granodiorite stock, is 13 ppm 

Cu. This suggests that the anomaly shown in Figure 5 is fiv e  to six  

times the background values for the granodiorite.

The Mo content of stream sediment samples is shown in Figure 

6. Mo values ranged from < 1  to 49 ppm, with an arithm etic mean of 

5 ppm. Samples outside the mineralized area generally contained less 

than one ppm Mo. Although contrast is considerably less than in the 

case of Cu and the anomaly is smaller, i t  fa lls  within the area of the 

Cu anomaly. This indicates a general correspondence of values, and 

a sim ilar dispersion pattern.
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Piscussion

The drainage map format for presentation of the stream sedi

ment data was useful in the interpretation of the survey. In partic 

u lar, i t  graphically depicts the possible anomaly source areas.

Stream sediment sampling can improve the focus of further exploration 

work, but the method re lies  upon element d istribu tion  patterns in 

stream sediment that are systematically related to a mineralized 

system. The evaluation of the accuracy of stream sediment sampling 

for Cu and Mo at Juniper Canyon requires reference to soil and rock
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chip sampling programs, which are described la te r in th is report. 

Stream sediment sampling, soil sampling, rock chip sampling, and 

geologic mapping a ll  showed the same areas to be anomalous in Cu 

and Mo. In this program, detailed stream sediment sampling would 

therefore be the most cost e ff ic ie n t method of focusing further 

geologic exploration.

One strik ing  comparison of the correspondence between Cu 

stream sediment samples and the Cu soil sample data illu s tra tes  the 

accuracy of the stream sediment sampling method. Four drainages 

were selected fo r a detailed comparison of the Cu stream sediment 

sampling results (see Figure 5) and the soil sample data.described 

in the subsequent chapter (see Figure 7, in pocket). The dry washes 

drain the southwest side of Juniper Canyon to the northeast of the 

quartz d io rite  boss. The basins are sim ilar to each.other in rock 

types', soil development, vegetation, drainage size, and stream 

gradient, thus eliminating geologic variables related to the in ter

pretation of the geochemical results.

Examination of the stream and soil data (Figures 5 and 7) led 

to the following empirical observation: the Cu content of the stream 

sediment in ppm, divided by a factor of about 2 .5 , yields a number 

equal to the percentage of the drainage area with greater than 150 

ppm Cu in so ils .
.y

The mathematical relationship given above is only useful to 

emphasize that the data from the two sampling methods, where copper 

values are high, are very consistent. Under conditions where portions
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of a metallized system are exposed at the surface, stream sediments 

can give a semi-quantitative measurement of metal content of the 

soils within a given drainage. A sim ilar point has been made by 

Hawkes (1976) in a case study based upon fie ld  data and empirical 

modelling. In many programs, detailed stream sediment sampling 

used early in an exploration project can increase the efficiency  

of subsequent rock and soil sampling programs. At Juniper Canyon, 

the stream sediment sampling technique not only led to the discovery 

of the Cu-Mo m ineralization; i t  also proved to be a very useful 

semi-quantitative, exploration too l.
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CHAPTER 5

SOIL SAMPLING PROGRAM 

Introduction

A soil sampling program was carried out in the area of 

anomalous Cu and Mo stream sediment samples (Figures 5 and 6 ). The 

major purpose of the soil sampling was to identify  metallized areas 

in terrane with considerable soil cover. Soil sampling was used 

as the primary geochemical sampling method because i t  is fas te r, 

and therefore less expensive, than rock chip sampling, and soil 

cover prevented rock chip sampling in many areas thought to be 

mineralized. Also, the soil samples were assumed to act as an 

homogenizer and could thus more accurately re fle c t changes in the 

metal values than could rock chip samples. The program did define 

discrete soil anomalies, which coincide with m ineralization in bedrock.

In addition to the general assumptions and goals of the soil 

sampling program, the following questions were considered in the 

interpretation o f the geochemical soil sampling program: l)  Is there

a consistent relationship between soil and bedrock metal values?

2) Do the geochemical sampling results correlate with the geology?

3) Are the results affected by topography? 4) Do metal values vary 

with the soil pH? 5) Do errors inherent in sampling and analytical 

precision s ig n ifican tly  a ffec t the results?
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Soil Description

Shallow residual soils are the rule at Juniper Canyon. The 

outcrop geologic map (Figure 3) indicates that 30%, or less, of the 

surface area is underlain by outcropping bedrock. Talus alluvium and 

a landslide deposit are present on the property, but they constitute 

only about 5% of. the soil sampling area. The following description 

of soil developed on the granodiorite is intended to emphasize changes 

in the soil which are easily discernible in the f ie ld  and those parts 

of the soil p ro file  which have d is tin c t geochemical differences.

A Horizon

The A horizon is comprised of fin e , sandy, soil with a low 

clay content and a dark gray-brown color. Organic content is v isually  

estimated to be 10 to 15%. A large number of very fine grass roots 

are present, and the moisture content is low under normal conditions. 

This horizon varies from 1 in to 1 f t  in depth but averages about 2 . 

to 5 in.

In general, the A horizon, lik e  the overall soil p ro file , is 

deepest in areas of subdued topography and zones of high fracturing .

I t  is shallowest on ridges and in areas with increased bedrock ex

posures. In some f la t  areas,w ith.deep soil development, shrinkage 

cracks develop, ad do subtle color and textural differences within  

the horizon. The la tte r  textural variations in the A horizon are 

interpreted to be a function of e luviation , which could a ffec t the 

distribution of metals, thus affecting the interpretation of sampling 

results. Many, i f  not most, of the in it ia l  500 soil samples were 

taken from this horizon.
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B Horizon

The B horizon lies  immediately beneath the A horizon. I t  is 

a dark red-brown to brown color, and often contains granular to coarse 

granular feldspar and quartz in a fine matrix high in clay content. 

Rock fragments are present in varying amounts. The B horizon rarely  

is less than 3 in th ick, and the average thickness may be about 5 to 

6 in. Because most sampling was at depths no lower than the upper B 

horizon, observation of the complete horizon was lim ited to trenches 

and road cuts.

The B horizon is best identified  in the f ie ld  by a reddish 

color, its  high clay content, and a tendency to retain moisture.

The clay content can be estimated by wetting a pinch of soil and 

rubbing i t  between the thumb and index finger. The upper B horizon 

usually coincides with the lower lim it of fine grass roots, although 

i t  often contains a considerable number of the larger grass roots, 

as well as extensive sage root development. A fter the orientation  

survey, v ir tu a lly  a ll of the remaining 725 samples were taken from 

this horizon.

For sampling purposes i t  is important, but not d i f f ic u lt ,  to 

distinguish the A soil horizon from the B horizon in the f ie ld . The 

most diagnostic characteristics are: 1) the gray color of the A

horizon in contrast to the reddish hue of the B horizon; 2) the large 

number of very fine grass roots in the A horizon which rapidly  

diminish in the B horizon; and 3) the lower moisture content of the 

A horizon, which is probably a function of its  lower content compared 

to the underlying B horizon.



C Horizon

The C soil horizon consists of weathering bedrock. I t  was not 

common 1y exposed in sampling, but was observed in trenches and road 

cuts. Where the C horizon is developed over granodiorite the rock 

texture is discernible in the soil and is even s lig h tly  enhanced by 

the weathering of feldspar. Fractures in the rock are often v is ib le  

and the ir attitudes measurable, especially when they are coated with 

clay or iron oxide. A few soil samples were probably taken in the 

C horizon, but only where soil had been stripped by erosion or where 

bedrock was unusually close to the surface.

Soil Sampling Program Results -  General 

Figures 7 and 8 (in pocket) show the distributions of Cu and 

Mo in soil which were found as a result of the soil sampling program 

at Juniper Canyon. The contours are based upon the metal values from 

nearly 1,200 samples. The sample types (A or B horizon) and the 

actual Cu concentrations, without contours, are plotted in Figure 9 

(in  pocket) which is plotted at a scale of 1 in = 400 f t  (1 :4,800). 

Figure 9 also delineates the grid sections, Areas 1, 2 and 3, which 

are the data base for the comparison of An and B soil horizon samples.

In Figure 7, the copper concentrations of a ll  soil samples 

are contoured and shown superimposed on the geologic map. Back

ground and threshold values are not rigorously defined s ta t is t ic a lly  

because two sample types, the A and B soil horizon samples, are 

present. However, contouring the data does show useful geochemical



re lie f ,  without excessive noise, because the difference between 

sample types is s ig n ifican tly  less than the contrast between back

ground and anomalous areas.

The area within the 75 ppm Cu contour on Figure 7 contains 

samples near or above the local background which is a rb itra r ily  set 

as the median value of a ll  samples on the grid . I f  the entire  

granodiorite were sampled, the median Cu value of the soil samples 

would range between about 30 to kO ppm Cu, extrapolating from the 

stream sediment data. Samples with greater than 150 ppm Cu, shown 

as patterns on the map, are considered to be above threshold at 2x 

background, or greater than the 75th cumulative percent!le of a ll  

grid samples. Samples with values greater than 300 ppm Cu are above 

the 95th cumulative percentile of the en tire  sample group, and are 

clearly  anomalous.

High Cu anomalies surround the quartz d io r ite , and the in

trusion is coincident with a Cu geochemical low. To the northwest, 

toward the quartz monzonite, anomalies are weak, small, and not well 

defined. A linear Cu anomaly occurs in the southwestern portion of 

the grid , but the largest anomaly lies  northeast of the quartz d io r ite .

Figure 8 shows the Mo concentrations in soil using the same 

grid , sample locations, and geologic map used in Figure 7. Two-thirds 

of the samples were below the detection lim it of 1 ppm Mo, and local 

background, at e ither the median value or at the mean, would be less 

than 1 ppm Mo. It  is d i f f ic u lt  to precisely establish a threshold 

value for the Mo soil sample results because analytical uncertainty
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is considerable when compared to the geochemical r e l ie f .  However, 

samples of more than 2 ppm Mo do group into sizable areas of the grid 

(Figure 8 ). Samples with greater than 4 ppm Mo (greater than the 

85th cumulative percentile for the en tire  group) are considered 

anomalous, and thosewith more than 8 ppm Mo are considered strongly 

anomalous.

The Mo anomalies are located around the quartz d io r ite  boss, 

as are the Cu anomalies (Figures 7 and 8 ) . I t  can be seen on Figure 

8 that Mo soil anomalies are not associated with the weaker Cu 

mineralization to the west. Like the copper resu lts , the tenor of 

values is low, but the anomalies are well defined. Areas of anomalous 

Mo are contained within the stronger Cu m ineralization.

Discussion

This discussion does not speculate as to the zoning, source, 

or economic potential of th is  p articu lar metal-bearing system. How

ever, some comments can be made on the results of the soil sampling 

program. The a p p lic a b ility  of any soil sampling program varies 

according to many factors such as: the subtlety of the target 

sought, the hypogene metal system, the a lte ra tio n  assemblages, and 

the climate or weathering conditions. Exploration based upon the 

sampling depends upon good geologic modeling. However, the technique 

. i ts e lf  is essentia lly  empiric although in practice i t  re lies  upon 

both inductive and deductive logic for its  in terpretation  and re fin e 

ment. Some factors relevant to the in terpretation of th is program 

are discussed in the following paragraphs.
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Metal Values in Soil Versus Bedrock

Soil and rock chip samples in trenches, soil p ro files , and 

road cuts, combined with data from geologic mapping, indicate that 

in this study area metal values in the soil vary with values in 

bedrock. The two compare quite closely, and there is no consistent 

pattern of enrichment or depletion of metals in the s o il. The Cu 

and Mo concentrations in rock chip samples from several trenches 

and road cuts were averaged. The resultant values were plotted 

on the soil sample map, and most fe l l  w ith in , or close to , the 

appropriate soil metal value contour lines. The data from some 

representative areas are discussed in further detail in Appendix A.

Soil Metal Values Versus Lithology

The results of the geochemical sampling show a correlation  

with rock type. The highest Cu and Mo values in soil occur overlying 

granodiorite, and the mineralization is related to fracturing and 

veining in that rock type. Soils over the quartz monzonite also 

contain Cu anomalies; however l i t t l e  Mo is associated with the Cu. 

These anomalies often occur in the quartz monzonite where i t  has 

been altered to the a lb ite -c h lo r ite  assemblage.

Soils overlying other rock types have d is tin c tive  geochemical 

signatures. Those developed on the quartz d io r ite  constitute a de

f in ite  geochemical low compared to the granodiorite or the quartz 

monzonite. Metal concentrations in soils over the quartz d io rite  

contain 15 to 65 ppm Cu, and less than 1 ppm Mo. Only one quartz 

monzonite dike is exposed w ithin the area of the soil sample grid ,



and soil samples over i t  are c learly  anomalous in Cu and, to a lesser 

extent, Mo. The postmineral (?) Tertiary volcanic dikes contain very 

low concentrations of Cu (5 to 25 ppm), but detectable Mo (2 to 8 ppm). 

Because they are narrow and not well exposed, the low metal concen

trations were homogenized with those of the surrounding mineralized 

granodiorite, and the dikes were not detected during soil sampling. 

However, any samples in soil developed d irec tly  over these dikes 

would probably show abnormally low Cu values in mineralized areas.

Topography

Topography was considered in the interpretation of the soil 

sample results, and i t  has not s ig n ifican tly  affected the d is tribu 

tion of Cu and Mo concentrations in the s o il. Samples of soil and 

underlying bedrock in h ills id e  trenches indicate that bedrock values 

may be reflected in soil up to about 10 meters or so downs lope.

However, many soil anomalies terminate part way down slopes, and they 

show only minimal trains downs lope from bedrock m ineralization. The 

low pyrite content of the granodiorite could be a reason for the minor 

amount of secondary transport of. copper, since Cu is re la tiv e ly  im

mobile in the neutral environment.

In the northern part of the grid , soil anomalies are s lig h tly  

stronger near washes. In .th is  case, apparently increased veining 

and fracturing controlled the primary m ineralization, and the frac tu r

ing now controls the drainage development. I t  is possible, however, 

that physical and chemical processes are causing a secondary transport 

of metal values, and that they are being deposited near the washes.



Over some areas of subdued topography, such as the western 

part of the grid , soil development is deeper, and there are indica

tions of leaching of values from the upper A horizon. The la tte r  

effect is an indirect influence of topography on the soil sample 

results.

Soil pH

Soil pH was tested at 5% of the sample sites chosen for th e ir  

wide geographical d istribution  on the grid and for th e ir  range of 

Cu and Mo concentrations. The pH varied from 6.9 to 7-5,  with a 

mean of 7 .2 . No correlation was found between Mo or Cu concentration 

and the soil pH, nor between topography and soil pH. Both A horizon 

and B horizon samples were tested fo r pH, and the small sample group 

showed no consistent difference in the pH of the two horizons, ir re 

spective of metal content.

Sample Accuracy and Analytical Precision

Repeat samples of upper B horizon soils were taken in several 

lo ca lities  to test sampling accuracy. Because such samples would 

include both sampling and analytical uncertainty, the data were 

interpreted considering the lim itations imposed by the analytical 

precision. The problem of Cu and Mo analytical precision was attacked 

separately through the reanalysis of s lig h tly  over 5% of the sample 

pulps.

Replicate Mo analyses indicate that the colorim etric method 

may not be able to accurately distinguish values below 5 ppm, and
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that some values above 5 ppm may be inaccurate, with variations up 

to 60% of concentration. In a program such as th is , with a subtle 

exploration target and low Mo values, sampling inaccuracies cannot 

be distinguished from Mo analytical precision problems, and both 

may cause interpretation d if f ic u lt ie s .

In contrast, the data on copper indicate that inaccuracy 

due to sampling procedures is considerably more s ign ifican t than 

errors introduced by problems of analytical precision. Almost a ll  

of the replicate Cu analyses d iffered by less than 5%, with a s light 

bias toward higher values from one laboratory. When repeat samples 

are taken and Cu concentrations increase, the numerical difference  

between sample results increases. Nevertheless, the Cu sample 

values usually d iffe r  by less than 10% of the sample values in ppm. 

The metal anomalies are up to lOx background values, so sampling 

errors are not c r it ic a l in in terpretation where the sampling was 

carefully controlled with respect to soil horizon. However, where 

the sample collection was not controlled with respect to the soil 

p ro file , s ign ificant errors can be introduced.

Conclusion

Even though the samples from the A and B soil horizons were 

combined in the preceding discussion, several Cu and Mo soil 

anomalies were described which coincide very well with the bedrock 

geology and the occurrences of m ineralization in bedrock. Particular 

attention was paid to the p o ss ib ility  of secondary redistribution o f1



metal values in the s o il, but there was l i t t l e  evidence of transport 

of metal values with resultant fa lse anomalies.

In an exploration program, geophysical exploration, or geologic 

modelling and d r illin g  could be the next, logical steps toward a dis

covery. However, this study is focused upon the execution and evalua

tion of the surface geochemical sampling program. Soil sampling at 

Juniper Canyon and case histories of other projects suggest that an 

evaluation of the program requires a closer study or comparison of 

A and B soil horizon sample results. The s ta tis tic a l comparison 

of metal values found in the two soil sample types w ill  be undertaken 

to attempt a quantification of the possible errors introduced by 

sampling which is not controlled by soil horizons.



CHAPTER 6

COMPARISON OF A AND B SOIL HORIZON SAMPLES 

Introduction

The difference between trace metal contents of the A and B 

soil horizon samples is important to a careful interpretation of soil 

anomalies at Juniper Canyon. Other case studies and exploration 

geochemistry texts (Levinson, 1974; Hawkes and Webb, 1962) have 

reached a sim ilar conclusion. In the present study attempts have 

been made to quantify the difference between samples taken in the A 

and B soil horizons in order to determine the consequences for survey 

interpretation i f  samples from d iffe ren t soil horizons are mixed. 

Because the A horizon samples are easier, quicker, and cheaper to 

collect than the B horizon samples, i t  is also useful to know i f  A 

horizon samples could be used. The study results have implications 

as to the train ing necessary fo r samplers.

The design and circumstances of th is soil sampling program 

were important to the evaluation of sampling methods, because they 

permitted the comparison of A and B horizon soil sample results. The 

sequence of sampling procedures in th is project was not unusual; 

in it ia l  sampling revealed some anomalies, an orientation survey 

resulted in revised sampling procedures, and fin a l sampling delineated 

anomalous areas. However, the orientation survey was carried out 

unusually late in the program, resulting in the collection of a
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s ta tis tic a lly  sign ificant number of samples from both A and B soil 

horizons. The large number o f samples permits an evaluation of the 

sampling methods and a quantitative estimation of the consequences 

of not controlling the sampling by soil horizon.

The results from the A and B horizon samples are compared 

in two ways in this study: 1) through the orientation survey data

(see Appendix A), and 2) by the s ta tis tic a l comparison of A and B 

horizon soil samples from areas with sim ilar coverage by both sample 

types. In the la tte r  method, sample populations from one area are 

compared in much the same way that two samples from the same p it are 

compared in an orientation survey.

S ta tis tic a l Methods

S ta tis tic a l analysis of geochemical data heightens the 

awareness of the balance between inductive and deductive logic in 

the solving of geologic and geochemical f ie ld  problems. Among some 

f ie ld  geologists there is a bias against s ta tis tic s , but many are 

unaware that the common practice of contouring geochemical data is a 

s ta tis tic a l method. In addition to contouring the sample results 

from this program, graphical s ta tis tic a l methods have been used to 

compare, and help quantify, the differences between A and B horizon 

soil sample groups. This treatment of the data is an inexpensive way 

to recover information that would be lost in a histogram. S ta tis tics  

can also help in deciding upon what contour intervals would be sign i

ficant to use or reveal inconsistencies in sample data that might 

invalidate contouring.



Some a rtic les  which describe the use of log-probability plots 

are cited in Chapter 1, In terpretative Methods, p. 7- The following 

discussion assumes a fa m ilia r ity  with the basics of the method. My 

interpretation is based upon some slight modifications of the methods 

described in the a rtic le s —especially the discussion by Lepeltier 

(1969).

The log-probability plots of the soil sample results assume 

that data are homogeneous— that a ll  samples are of the same type and 

are analyzed by sim ilar methods. Three areas were selected for a 

comparison of the A and B horizon sample groups. In a ll examples 

used, the A and B horizon.soil samples are separated and a ll  samples 

are from the Areas marked 1, 2, or 3 on Figure 7. These areas have 

soil developed on granodiorite bedrock and have equivalent, i f  not 

equal, coverage by both sample types. In a s im plistic  sense, the A 

and B sample groups are each considered as a single large sample of 

each of the grid areas. By elim inating geologic variables, the program 

design thus attempts to ensure the homogeneity o f the data.

The use of the log-probability s ta tis tic a l method also assumes 

that the metal values are lognormally d istributed. Many authors have 

discussed the lognormal d is tribu tion  of concentration of elements in 

natural systems. A plot of geochemical values usually w ill show 

abnormalities i f  the data are not lognormally d istributed . An inspec

tion of the Juniper Canyon data very strongly suggests that lognormal 

populations are present.
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To treat the Juniper- Canyon data cumulative frequency, or 

probability , is plotted versus log Cu and log Mo concentration for 

both A and B horizon soil sample populations in each grid area ( i .e .  

see Figure 10). A 0.1 log interval is used, and the concentration 

in ppm is also shown to sim plify interpretation and discussion of 

the data. U tiliz in g  this method a lognormal population should plot 

as a straight lin e . A mixture of two d iffe ren t lognormal populations 

would plot as a sigmoidal curve ( i . e .  B. horizon samples Area 1,

Figure 10). A minimum of about 50 samples must be used in the method, 

and the confidence lim its , the calculation of which is described by 

Lepeltier (1969), have been considered. Because of the large number 

of samples they do not s ig n ifican tly  a lte r  the interpretation o f the 

Juniper Canyon data, except where mentioned.

For in terpretation , a stra ight line is drawn tangential to 

the lower concentration ta il  of the curve which is defined by the two 

populations ( i .e .  Figure 10). In most sampling programs more samples 

belong to the background population; therefore, th is ta i l  o f the . 

curve is the best delineated. Where two populations are present and 

the curve deviates to the rig h t, or toward the higher concentration 

side of the graph, an anomalous population is indicated.

The terms background and threshold are used in a number of 

ways in the geochemical lite ra tu re . In th is study, background is 

defined as the metal value in ppm at the geometric mean of the 

background population, which is the value at the 50th cumulative 

percentile. Some authors, such as Lepeltier (1969), consider the
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threshold to be the point where the log-probability plot diverges 

from a straight lin e . I t  is often more valuable to define threshold 

at the mean plus two standard deviations (M+2b) of the background 

population. At this value samples have a low probability  (about 1 in 

AO) of fa llin g  in the area of mixed background and anomalous 

samples. Identifying these samples provides a useful p rio rity  for 

follow-up work in the f ie ld . The procedure divides the sample 

populations on a more meaningful basis and results in a lower number 

of "anomalous" samples than would usually be dealt with in the 

Lepeltier method. Conversely, i t  iden tifies  more anomalous samples 

than the common method of taking the top 2i% of a ll  the samples, 

without separating background and anomalous sample populations ( i .e .  

Hawkes and Webb, 1962). The map d istribution of values and the 

continuity of anomalies become c r it ic a l to in terpretation at the

value range between the background and threshold (M+2b) values.
(

Cu and Ho in A and B Soil Horizons:
A S ta tis tic a l Comparison

The s ta tis tic a l treatment of the Cu soil sample data is 

presented before the discussion of the Mo data. The A and B horizon 

samples for each element were contoured together as one group in 

Figures 7 and 8, but here they are separated to determine i f  they 

form two sample populations, as suspected. The Cu values from 

Areas 1, 2, and 3 are compared to see i f  the difference in metal 

values between the A and B sample populations can be quantified and 

i f  the difference is constant throughout the grid area. The Mo and

53



Cu concentrations in the soil d if fe r  considerably, and the s ta t is t i 

cal treatment also attempts to identify  contrasts in the chemical 

behavior of the two elements in the s o il.

Area 1; Cu

Figure 10 is a graph of the Cu soil sample data from Area 1 

which is north, south and west of the quartz d io r ite  boss (see Figure 

7 ). The curves are typical of the mixing of two sample populations— 

in this case, background and anomalous populations for Area 1. The 

straight lines are tangents v isually  f it te d  to the low-value ta ils  

of the sigmoidal curves of the A and B horizon sample groups. Local 

backgrounds are 80 and 110 ppm Cu respectively for the A and B horizon 

soil samples. The threshold values (M+2b) are 225 and 285 ppm Cu.

The log probability plots are s trik in g ly  p a ra lle l, and even minor 

fluctuations in both curves are s im ilar.

Both the A and B soil sample groups contain two sample popula

tions. Cu is lognormally distributed in the background population and 

probably in the anomalous population as w ell. The anomalous popula

tion is better defined by the B horizon sampling. This better resol

ution is a function of more samples which are high in Cu, and the 

fact that the B horizon group contains s lig h tly  more samples which 

also could have a s light e ffec t on the better de fin ition  of the curve. 

The primary factor is undoubtedly the better geochemical contrast 

that results from sampling the B soil horizon. However, the sim ilar! 

ty between the two curves implies that e ither A or B horizon soil 

samples could be used to define Cu anomalies in soils at Juniper Canyon.
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The parallelism  of the lines approximating the background 

populations also indicates that the difference between Cu concentra

tion in the A and B horizon samples increases logarithm ically as the 

metal content increases. The regular pattern suggests that the Cu 

concentration in one horizon could be predicted by knowing the 

metal content of the other. The numerical difference between the 

soil Cu concentrations in the A and B horizons at a given cumulative 

frequency gives a rough idea of the inaccuracy introduced into the 

data when sample collection is not carefu lly  controlled with respect 

to the soil horizons.

Area 2; Cu

Plots of the Cu data from Area 2 (Figure 11) are sim ilar to 

those of Area 1 in that the curves are separate and p a ra lle l. As in 

Area 1, the B horizon curve is better defined than the A curve, 

especially at the high end. This is probably due to more samples 

with higher metal concentrations. The A and B horizon local back

ground approximations are nearly para lle l and have slopes sim ilar to 

those from Area 1. However, background (160 ppm and 180 ppm) and 

M+2b (370 ppm and 460 ppm) values are considerably higher than for 

the A and B horizon sample groups in Area 1. The line  approximating 

the background population values of the A horizon samples in Area 1 

is shown for reference. Background ta ils  of the curves in Area 2 

show a slight deflection toward the low values, but low confidence 

lim its  constrain speculation as to the reason for the deflection.
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As in Area 1, the difference between Area 2 Cu concentrations 

in A and B horizon samples at a given cumulative frequency is a l i t t l e  

less than 0.1 log Cu concentration. However, the local background 

values in Area 2 are s trik in g ly  higher than in Area 1. Area 2 does 

l ie  mainly within the largest soil anomaly at Juniper Canyon, but 

the log-probability plots seem to indicate a lognormal background 

population with higher values in Area 2, rather than simply a larger 

anomalous population. One interpretation is that the values in bed

rock drop o ff  lognormally away from centers of m ineralization. I t  

could also be that secondary transport of the Cu in the soil produces 

a regular, rapid drop-off in Cu values. In some mining d is tr ic ts , 

primary mineralization drops o ff rapidly away from veins—perhaps 

even exponentially—which could be due to the processes controlling  

ore deposition, such as diffusion and convection.

Whatever the cause, the steep drop-off in values at the edges 

of anomalies is also shown by the contoured soil data. Because the 

drop in values with distance from the soil anomaly centers is s u ff i

ciently  rapid, the A and B horizon samples can be contoured together 

with an acceptable number of inconsistencies. However, the A and B 

horizon metal values may d if fe r ,  which can mask important subtleties  

in the data.

Area 3; Cu

The B horizon Cu soil sample data from Area 3, Figure 12, show 

strik ing  s im ila rit ie s  to that of the other two areas, but the A hori

zon data are s ig n ifican tly  d iffe re n t. The B horizon background
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approximation is nearly para lle l to those of Areas 1 and 2, These 

values are only s lig h tly  lower than the A horizon background popula

tion of Area 1, and have a mean of 70 ppm Cu and a threshold (M+2b) 

of 170 ppm. The Area 3 metal values are lower than the B horizon 

figures for Area 1, as are the tenor and size of soil anomalies. The 

deviation of the curve toward the higher values is sim ilar to the 

other areas, where i t  was interpreted to indicate a population of 

anomalous samples.

In contrast, the A horizon log-probability plot for Area 3 

(Figure 12) shows a pattern very d iffe ren t from any of the other Cu 

graphs. The en tire  sample group could be approximated by a single 

straight lin e , although the spread of the points would be abnormally 

high. I f  approximated in this manner, the curve would show no de

flection  toward the high sample values, producing a straight line  

sim ilar to the plot of a single lognormal population. I f  mean and 

threshold values were assigned by the method used for the other areas, 

the mean would be 70 ppm Cu and M+2b would be 430 ppm. However, 

fie ld  evidence suggests that the A horizon samples are not a 

geologically homogeneous group, and therefore the graphical, s ta tis 

tic a l treatment of the data is not appropriate in this case. The 

difference between the value distributions of the A and B horizon 

populations (Figure 12) supports th is conclusion.

The markedly d iffe ren t d istribution of values in the Area 3 

A horizon population, both compared to the B horizon and to the other 

areas, suggests a difference in the d istribution of metal values in
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the A horizon of this area. The topography in Area 3 is more subdued 

than in Areas 1 and 2, and the soil development and p ro file  are con

siderably deeper. Field observations of the soil color and shrinkage 

cracks indicate eluviation in the upper A horizon, which would irregu

la rly  decrease Cu values in some of the A horizon samples. The 

eluviation then a r t i f ic ia l ly  increases the number of samples with 

low Cu concentrations, thus destroying the s ta tis tic a l de fin ition  of 

the true background population by introducing an important inhomoge

neity into the A horizon data base.

I f  the foregoing analysis for Area 3 is correct, the A soil 

horizon Cu data are not amenable to s ta tis tic a l analysis and attempts 

to in terpret the data using the method would be specious. The tre a t

ment does show inconsistencies in the data that would result in prob

lems with any interpretation technique, such as contouring. Even 

contouring such mixed values would require an arb itra ry  judgment 

based upon data that was not known to be e rra tic  and erroneous.

Areas 1, 2, and 3; Mo

Figures 13, 14, and 15 show the Mo log-probability plots for 

the A and B horizon soil sample data for Areas 1, 2, and 3. Two 

factors combine to constrain a rigorous, quantitative s ta tis tic a l 

interpretation of the data. Both the large number of samples 

below the detection lim it of 1 ppm Mo, and inaccuracies in the 

analytical methods in h ib it a meaningful in terpretation . However, 

the data from a ll  the areas are s im ilar, which suggests that a quali

ta tiv e , i f  not a quantita tive , interpretation is warranted.
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The Ho background populations cannot be approximated because 

so many of the samples are below the detection lim it; likewise, 

anomalous populations are d i f f ic u lt  to define with any accuracy. In 

each area there is a higher percentage of B horizon samples above the 

detection lim it of 1 ppm than A horizon samples. The percentages are 

as follows: Area 1-A 50%, B 62% (Figure 13); Area 2-A 71%, B 82% 

(Figure 14); and Area 3"A 12%, B 17% (Figure 15). Toward the higher 

Mo concentration values, the A and B horizon data points tend to 

merge on the graphs, which emphasizes the re la tiv e ly  small difference 

between the A and B horizon soil sample Mo values. In Areas 2 and 3» 

the highest sample values belong to samples of the B horizon, although 

the reverse is true in Area 1. As in the case of Cu, the smaller 

number of A horizon samples gives each sample a s lig h tly  larger in flu 

ence in raising the curve at the anomalous end, because each sample 

represents a s lig h tly  greater percent of the to tal group.

I f  the influences of Mo analytical precision were tru ly  random, 

perhaps they could be ignored in the in terpretation . Unfortunately, 

some effects are not random, especially near the detection lim it .

For example, variations between sample batches occur; these are indi

cated where some low-value contour lines follow sample lines. Opera

tor bias is another important nonrandom variable which often occurs 

near the detection lim it; some workers report the lower of two 

possible values to avoid producing spurious anomalies. The analysis 

of A horizon samples may also be subjected to interference from 

organic matter. Therefore, the sampling may have inhomogeneities due
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to the d istribution  of vegetation. Other precision problems in the 

Mo analysis are presumably present, and even i f  they are random they 

do put real constraints on the overinterpretation of the data.

A complete in terpretation of the Mo data would require a level 

of logical sophistication that includes more than a consideration of 

analytical problems in the primary data base. D ifferent soil types 

can promote d iffe ren t vegetation types which, in turn, can disburse 

or concentrate Mo. Such secondary variations in metal concentrations 

can often exceed the magnitude of analytical or bedrock m ineraliza

tion changes. These problems do not appear to.be present at Juniper 

Canyon where vegetation variations are prim arily a ltitu d e  controlled 

and the d istribution  of Mo anomalies is apparently not sensitive to 

elevation. The s ta tis tic a l comparison of the Mo soil sampling data 

from Areas 1, 2, and 3 suggest that higher Mo values may result from 

sampling the B soil horizon, but that such a difference is not possi

ble to quantify by these methods. However, the areal d istribution  

of higher Mo values does give good evidence that an anomalous sample 

population does ex is t.
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Piscussion

The graphical s ta tis tic a l analysis of the A and B horizon 

soil sample data indicates that s lig h tly  higher Cu and Mo concentra

tions result from sampling the upper B soil horizon. Bedrock sampling 

in trenches, compared to A and B soil horizon samples, leads to the 

conclusion that the B horizon values are not a r t i f ic ia l ly  increased 

in the s o il, but rather they re fle c t bedrock mineralization accurately.
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Consequently, the samples from the B horizon that have higher metal 

values--or heightened geochemical contrast—have a d e fin ite  advan

tage over the A horizon samples in delineating both Cu and Mo anomalies 

The Cu data from Areas 1 and 2 show a very consistent relationship  

between the A and B horizon metal concentrations, with Cu values 0.1 

log ppm Cu higher in the B horizon. The s im ila rity  of the Cu and Mo 

log-probability graphs for Areas 1 and 2 leads to the conclusion that 

either, the A or B horizon soil samples could be used to locate both 

the Cu and Mo soil anomalies.

The Cu data from Area 3 indicate the shortcomings of sampling 

the A horizon, especially where eluviatlon is suspected or demonstrated. 

In that Area, e rra tic  and excessively low Cu values are suspected in 

the A horizon sample population, which would produce a false geo

chemical r e l ie f .  A sim ilar situation can exist in the soils over 

p y ritic  Cu ore bodies, where values are sometimes leached from the 

s o il. This depresses the metal values and produces fa lse anomalies 

on the margins of the system. However, the rocks, hypogene mineral

ization , and weathering history are an integral system. I f  the 

orientation survey reveals a consistent relationship between soil 

and bedrock values—or even between A and B horizon soil samples—a ll  

of the data can be useful, since a negative metal value anomaly can 

be as revealing of a system as can increased metal concentrations. In 

the case of Area 3, the inconsistency indicated in sampling the A 

horizon for Cu makes the data of l i t t l e  value to exploration in this

system.



The s ta tis tic a l analysis of the Mo soil samples is less use

ful than that of the Cu data. Certainly the large number of samples 

below the detection lim it and the considerable influence of poor 

analytical precision in terfere  with the s ta tis tic a l analysis. One 

possible reason for the small difference between the A and B horizon 

data is that the Mo d istribution  is less sensitive than Cu to d if 

ferences in the A and B soil horizons, which would imply that e ither  

soil horizon could be sampled to show the Mo soil anomalies.

Evaluation of the Orientation Survey 

The copper data from the soil sampling program in Areas 1 and 

2 are compared to the orientation survey results in Figure 16, as one 

way of evaluating the orientation survey. The orientation survey soil 

sample lines were immediately adjacent to Areas 1 and 2; both f ie ld  

observations and the results suggest that the geologic conditions are 

id en tica l. The soil survey A and B horizon Cu values shown in Figure 

16 for Areas 1 and 2 are extrapolated from the lines approximating 

the background populations shown in Figures 10 and 11; the orientation  

survey data are the actual sample results from the survey. The com

parison is revealing, and suggests that the orientation survey was 

adequate to predict the general result of the soil survey. However, 

like  any sampling problem, the system is su ffic ie n tly  complex that a 

discussion of some of the variables can be useful in planning a sub
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The background population data from Areas 1 and 2 (Figure 16) 

fa ll  on the same curve, and they show a ra tio  of 5:4 between the A 

and B horizon Cu concentrations. Although the background populations 

were approximated by a stra ight lin e , which averages the values and 

reduces the scatter of points for each area, the correspondence 

between the two areas is remarkable. The contrast between A and B 

soil horizon Cu concentrations are v ir tu a lly  identical for any given 

metal value within the background populations of the two areas. This 

relationship is especially sign ificant because the background, mean 

and threshold values for Area 2 are considerably higher than those 

for Area 1. The consistent behavior of soil Cu values in the two 

areas suggests both sim ilar geologic conditions in the soil and bed

rock and a consistency in the soil sampling procedures. The line  

representing the soil survey data on Areas 1 and 2 fa lls  within the 

group of orientation survey data points, but i t  does not approximate 

a best f i t  to the points (Figure 16).

Like the soil survey data, the orientation survey data show a 

higher Cu concentration in the B horizon samples than in the A hori

zon samples. However, the data points show considerable scatter which 

complicates interpretation and subsequent evaluation of the orienta

tion survey. The scatter in the orientation points and the reasons 

that the actual soil survey results do not show a best f i t  to the 

orientation survey results may be due to a number of reasons both 

geologic and procedural:
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1) The orientation survey data suggest more contrast between 

A and B horizon samples than the actual soil survey data show, es

pecially at higher Cu concentrations. F irs t, the orientation survey 

contained some anomalous samples but the Area 1 and 2 soil survey 

data plotted in Figure 16 only represent the background populations. 

Samples ?n the anomalous population may show more contrast due to 

both bedrock and soil geologic factors. For example, an increased 

pyrite content in mineralized areas may promote fas te r, more complete 

eluviation or downward movement of metal values from the A horizon, 

thus increasing the contrast. The adsorption of Cu onto clays in B 

horizon soils over altered and mineralized areas may also increase 

the contrast. Unfortunately, there is su ffic ien t data to completely 

understand the reasons for the higher geochemical contrast encountered 

in the orientation survey than in the actual soil survey.

2) The scatter in the orientation survey data may be partly

a function of other geologic inconsistencies which are obscured in the 

s ta tis tic a l comparison of -the soil survey results. Areally restricted  

variations in the s o il, which are unrelated to m ineralization, may 

affect the contrast between Cu values in the A and B horizons at a 

given sample point. The depth of the soil p ro file  can cause varia

tions in the amount of contrast. A poorly developed p ro file , as often 

found on the ridge tops at Juniper Canyon, could cause A and B horizon 

samples to be v ir tu a lly  identica l, geochemical1y. Soil mixing, such 

as in the v ic in ity  of commonly observed badger and rodent burrows, 

also causes e rra tic  results diminishing the contrast. On the other
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hand, localized topographic depressions can result in the collection  

of water and increased e luviation , thus increasing the contrast. An 

unusually deep p ro file  may coincide with the increased leaching of 

elements from the A horizon which would also increase the contrast.

3) The bias toward higher Cu in the orientation survey B 

horizon samples, when compared to the soil survey B horizon samples, 

may be partly  due to the overall sampling procedures. In the actual 

fie ld  sampling program, the tendency is for B horizon samples to be 

a b it too shallow due to the extra time and work in digging to the 

proper depth. This might have reduced the contrast in the soil 

sampling program results. Also, the in it ia l  A horizon samples were 

not carefu lly  controlled as to soil horizon and may have contained 

B horizon s o il. This lack of sample control would have further 

reduced the contrast in the actual soil survey represented by the 

Area 1 and 2 s ta tis tic a l data.

In general, the orientation survey was adequate for predicting  

the actual difference encountered between Cu concentrations in the A 

and B soil horizons. Several orientation samples showed higher than 

normal B:A Cu ratios; this suggests eluviation , as suspected in Area 

3. However, the survey did not develop data on the magnitude of 

eluviation or specific physical soil characteristics of the A horizon 

which could be used to predict i t .  This was largely due to the loca

tion of the orientation survey lines. The f ie ld  survey notes from 

Area 3 suggest that deep soil horizons, subdued topography, soil 

color, and shrinkage cracks may be physical indicators of eluviation
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in the Juniper Canyon so ils . The orientation survey did accurately 

predict higher Cu values in the B horizon. Actual differences 

between A and B soil horizon Cu concentrations were surprisingly 

accurate in the orientation survey when compared to the soil survey, 

especially considering that the orientation survey did not contain 

a s ta t is t ic a lly  large number of samples.

The Mo geochemical data from the orientation survey were 

also representative of the actual soil survey results. However, 

the same factors which prevented the useful, s ta tis tic a l analysis 

of the Mo data a ffect the interpretation and evaluation of the 

orientation survey: a low range of values; analytical precision

problems; the high detection lim it re la tive  to the Mo concentrations; 

and an apparent lack of contrast between the soil horizons. Quali

ta tiv e ly , the orientation survey did reveal some data on the behavior 

of Mo concentrations in the A and B soil horizons, and the actual 

survey was not able to reveal a great deal more information.

Twenty-two of the th ir ty  orientation survey samples showed 

higher Mo concentrations in the B horizon soils than in the A horizon 

(Appendix A). The s ta tis tic a l data from Areas 1, 2, and 3 indicated 

the same pattern in that, in a ll three areas, a higher percentage of 

B horizon samples exceeded the detection l im it . The relationship  

between the A and B soil horizon Mo concentations is variable in the 

orientation survey, and the variations are of the same order of magni 

tude as the analytical precision. Likewise, the Mo s ta tis tic a l data 

on A and B horizon samples from the soil survey are not
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distinguishable within reasonable confidence lim its , in fact the Mo . 

results from Areas 1 and 3 are v ir tu a lly  indistinguishable (Figures 

13 and 15).

It  is not clear that a larger number of orientation survey 

samples would have given much better data on the d istribution  of Mo 

values in the A and B soil horizons. Studies to determine the Mo 

mineral species or complexes in the soils might be of use. Studies 

of this type could be complex and expensive, and probably would not 

be financia lly  ju s tif ia b le  in this f ie ld  program.

The orientation survey also gave a reasonably good indication 

of the correspondence of Cu and Mo soil anomalies. A ll three lines 

show a good general correlation between the Cu and Mo values, although 

each has some strik ing  departures from that pattern (Appendix A,

Figure 17). The bedrock geologic data suggests that MoSg often occurs 

in quartz veins with chalcopyrite, but i t  occasionally occurs alone 

in quartz. A larger orientation survey with a careful analysis of 

the geology and topography could have shed more lig h t on the corres

pondence of Cu and Mo values, but the actual survey also provides this 

information. Considering the information required, the orientation  

survey seems to have been adequate for the exploration-sampling 

problem at hand.



CHAPTER 7

CONCLUSION

One premise o f this study is that simple refinements of 

standard geochemical sampling techniques can increase th e ir e ffec tive 

ness in contributing to a mineral discovery. The techniques are 

fas t, inexpensive, and do not require personnel with sophisticated 

geologic s k ills . I t  must be emphasized that surface geochemical 

exploration methods are only relevant to the search for ore deposits 

where elemental distributions or ratios are systematically related  

to an ore system, and where the important elements are present in 

stream sediment, s o il, or surface rocks. Surface geochemical sampling 

methods have made the c r it ic a l contribution to several recent metals 

discoveries, but they must be applied in a proper perspective. I t  

should be kept in mind that no surface geochemical sampling program 

alone has found ore—this one is no exception.

At Juniper Canyon, stream sediment sampling led to the dis

covery of a bedrock Cu-Mo occurrence, which is also well expressed in 

the s o il. Detailed stream sediment sampling proves to be an effec tive  

.follow-up exploration tool with a semi-quantitative correspondence 

to s o il, and hence bedrock, anomalies. The residual soil cover and 

the lack of secondary redistribution of metal values make soil sam

pling a p a rticu larly  useful to o l. In fac t, the soil appears to be 

an e ffec tive  homogenizer of bedrock metal values, making soil sampling
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a more e ffec tive  exploration method than bedrock sampling. This is 

especially true where exposure is poor and where nonmineralized 

rocks are p re feren tia lly  exposed due to th e ir weathering character

is tics .

In th is study, the geologic setting of the Juniper Canyon 

Cu-Mo occurrence is described and a geologic map of the immediate 

area is presented. The bedrock geologic data are not interpreted, 

other than to u t i l iz e  them to elim inate geologic variables in a 

more detailed examination o f the geochemical soil sampling program. 

The orientation survey shows that better contrast in Cu values is 

found by sampling the B soil horizon rather than the A horizon, but 

that Mo values are re la tiv e ly  insensitive to the soil p ro file . A" 

graphical, s ta tis tic a l analysis of the Cu data suggests that the 

contrast is regular and quantifiable over much of the property. The 

B horizon samples from the h ills id e  portions of the property contain 

higher copper concentrations than are found in the A horizon by 

about 0.1 log Cu. In the range of typical metal values found, this  

difference can be expressed as a 5 rat i o in ppm Cu between Cu 

concentrations in the B and in the A soil horizons.

From these results one could conclude that the A horizon 

samples would show the bedrock Cu anomalies as readily as the B 

horizon samples. However, important inconsistencies in Cu d is t r i 

bution are found in areas of eluviation which seems more pronounced 

where the topography is subdued and soil pro files  are deeper. These 

inconsistencies are s ign ifican t enough in Area 3 to preclude



s ta tis tic a l analysis of the A soil horizon data. The well established 

difference between the Cu concentrations of A and B soil horizon 

samples in the en tire  program suggests that an important and unneces

sary variable is introduced into the survey data by not using soil 

horizons to control the depth of sampling.

The results of this study emphasize that ultim ately only the 

sampler can ensure the consistency and value of geochemical sample 

data. Also, good f ie ld  observations must be included in the program 

design, execution, and in terpretation . The rea lization  of these prin

ciples can provide motivation for accurate sampling, and can encourage 

participation by samplers in the in it ia l  program design and its  

modification as work progresses. Both the program design and the 

sampler must apply good logic to a ll the geologic and geochemical 

variables encountered in the f ie ld , because data gathered with poor 

techniques, or given an erroneous in terpretation , can be both mis

leading and expensive. A good, appropriate sample is the foundation 

of any geochemical sampling program.
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APPENDIX A

Orientation Survey

A geochemical orientation survey is a preliminary study to 

determine the best geochemical sampling medium for the exploration 

problem at hand. Geologists using geochemical sampling methods should 

be fam iliar with the design of orientation surveys and any lite ra tu re  

on geologic environments sim ilar to those they face. Levinson (1974, 

pp. 199-204). gives an excellent general description of some of the 

variables involved in exploration geochemical sampling programs and 

the types of orientation surveys that can be u tiliz e d .

The in it ia l  Juniper Canyon soil sampling orientation survey 

consisted of: 1) six soil pro files  with several samples from each

p ro file ; and 2) three sample lines, where both the A and B soil 

horizons were sampled from the same p it .  Subsequently both soil and 

subsequent bedrock were sampled in trenches, and several road cuts 

were rock-chip sampled to compare the results with adjacent soil 

sample s ites . The data most relevant to this study and the s ta tis tic a l 

comparison of A and B horizon soil samples are those from the three 

soil sample lines shown on Figure 17 (in pocket). The data are 

presented in a d iffe ren t form on Figure 16 (page 68).

The orientation survey sample lines are those ju st north and 

south of the quartz d io rite  plug (Tqd) on Figure 7 (in pocket) which 

have 100-foot sample spacing. Two lines l ie  between Areas 1 and 2,
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and the other one is between the two southern parts of Area 1. Only 

the B soil horizon assay data is shown on Figure 7. The Cu and Mo 

sample data for the survey lines are shown on Figure 17. In the case 

of Cu, the patterns described by the A and B.horizon data are sim ilar. 

At a ll except one sample s ite  the B horizon Cu concentrations are 

higher. The contrast, or difference in values, is higher in the more 

anomalous samples.

There is l i t t l e  difference between the orientation survey A 

and B soil horizon Mo values (Figure 17). . Both sample types re flec t  

sim ilar anomaly patterns, but the B horizon Mo values are higher at 

only 22 of the 30 sample s ites . As mentioned elsewhere in the te x t, 

analytical uncertainty can be large enough to blur the d istinction  

between Mo values in the A and B soil horizon samples.

Bedrock was rock-chip sampled in some trenches, and the values 

were compared to composite B horizon soil samples from the overlying 

soil at the same in tervals . The Cu and Mo results suggest that the 

B horizon samples are representative of the bedrock values, although 

Cu values were s lig h tly  higher in the soil than In the bedrock at a 

few lo c a lit ie s . In some cases the comparison of the bedrock and soil 

values suggested downs lope movement of copper values up to tens of 

feet downs lope.

In another comparative exercise, 30 rock chip samples were 

taken from road cuts at six d iffe ren t lo c a lit ie s . The Cu and Mo 

results from the 20 to 30 foot samples were averaged and compared to 

the adjacent B horizon soil samples and the soil metal value contours
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as shown on Figures 7 and 8 (in pocket). In each case the average 

rock chip values, when plotted on the map, fe l l  within the appropriate 

soil Ho and Cu contours. The average rock chip values were very close 

to the average soil sample values.

Because there are so many geologic and clim atic variables in 

the surface geochemical environment a good orientation survey is 

c r it ic a l to a useful surface sampling program. The evaluation of the 

Juniper Canyon orientation survey is discussed in the penultimate 

chapter of this thesis.
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Figure 3 Geologic map of the Juniper Canyon C u-M o  Occurrence, Pershing County Nevada T 3 2 N . R. 2 8 E . E. F Butler Jr 1981
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Figure 9 Juniper Canyon Soil Sample Grid and Sample Locations with Copper Analyses Pershing Co. Nev. T32N. R.28E. E.F Butler Jr. 1981
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