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ABSTRACT 

SOIL GEOCHEMISTRY AS A GUIDE TO MINERALIZATION 

IN THE DRUM MOUNTAINS, MILLARD-JUAB COUNTIES, UTAH 

by 

David Robert Hartshorn 

Master of Science in Geology 

The geology and alteration in the Drum Mountains, Utah 

are very si~ilar to productive metal districts as Carlin, 

Cortez, Tintic and Ely. G0ld-bearing jasperoids and 

potential mineralization at depth near the limestone-

quartzite contact have become excellent exploration targets 

in recent years. 

The purpose of this study was to investigate possible 

' soil geochemical anomalies which can be used for potential 

buried mineralization. Approximately 400 soil samples were 

collected on four grids and assayed for Hg, As, and Sb (also 

Cu, Mo, Zn, and Sr). 

The results of the study showed: (l) Hg, As and Sb 

were anomalous over the Martha Jasperoid (known ore body) 
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and, therefore, soil anomalies can be used to detect buried 

mineralization in the Drum Mountains; (2) the Martha Fault 

was traced in the alluvium by anomalous metal values; (3) 

anomalous metal values indicate that mineralization may 

occur at depth nea~ the limestone-quartzite contact; (4) 

low Cu, Mo and Zn values eliminates the possibility of 

porphyry copper mineralization in the central portion of 

the study area; (5) zoning of metals in soil can help to 

pinpoint possible buried mineralization; and (6) strontium 

may be used to determine hydrothermally altered zones. 

Favorable areas for further exploration shown by 

anomalous metal values in soils are: (l) the Martha Fault 

and its extension, especially near the intersection with 

the basal quartzite; (2) the Horseshoe Fault at depth; and 

(3) the limestone and basal quartzite contact. 
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INTRODUCTION 

Portions of the Drum Mountains, of west, central Utah 

which lie approximately 40 kilometers northwest of Delta, 

Utah (Figure 1), are very similar in appearance to product

ive precious and base-metal deposits such as Carlin, Cortez, 

Tintic, Bingham, Ely, Gold Hill and other areas in Nevada 

and Utah. Each consists of early Cambrian carbonates, 

quartzites and shales that have been intruded by quartz 

monzonite stocks and dikes. Hydrothermal alteration and 

fault-filling jasperoids containing gold and silver are 

abundant in these deposits (Lovering, 1972). 

High concentrations of gold have been reported in 

jasperoids in the Drum Mountains (McCarthy et aL, 1969; 

Lovering, 1972; Bailey, 1975). Some jasperoids range up to 

100 ppm gold. The area of this study lies within a belt of 

jasperoid Qineralization approximately 6 kilometers long and 

3 kilometers wide. 

Jasperoids in the Drum Mountains consist of gold

bearing red to yellowish-brown, fine-grained quartz which 

has replaced carbonates along faults and fractures. Sin9e 

jasperoids in the Drum Mountains contain silver, copper 

and other metals, they have become an excellent target 

for detailed study and exploration. Since the high gold 

content, the association of Ag, Be and Cu and textures in 

these jasperoids are very similar to the jasperoids of 

l 
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Bingham, Ely and other districts, these jasperoids may be 

guides to extensive sulfide deposits below the surface 

(Ltivering, 1972). 

The Martha Jasperoid of the jasperoid belt lies within 

the area studied for soil analysis. Samples collected 

averaged greater than 5 ppm Au with many samples containing 

greater than 10 ppm Au (McCarthy et al., 1969). The Martha 

Jasperoid has been suggested as being one of two locations 

in the Drum Mountains that have a high potential of having 

ore at depth where the jasperoid intersects the basal 

carbonates (Crittenden et al., 1961). 

The purpose of this study was to investigate possible 

geochemic2l soil anomalies for buried or undetected gold, 

silver and/or sulfide mineralization. Fifty-six soil 

samples were collected over the jasperoid near the Martha 

mine and analyzed for mercury, arsenic and antimony to see 

if elemental abundances were highest directly over the 

Martha Fault and jasperoid. Approximately 340 other soil 

samples in adjoining areas were analyzed in order to find: 

(l) if any anomalous concentrations in areas without exposed 

jasperoids are similar to the Martha Fault and thus might 

predict a possible buried mineralized jasperoid; and (2) if 

there are large zones of anomalous metal content which may 

indicate large buried sulfide and/or Au/Ag mineralized zones. 

Copper, zinc and molybdenum were analyzed in 171 samples 

(from the largest sample grid) in order to see if there 
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was a possibility that strontium is a pathfinder element 

for mineralization and/or hydrothermal alteration. 

The Drum Mountain area is accessible only by dirt 

roads. Approximately 45 days in the summer of 1974 were 

spent in the field in which 5.2 square kilometers were 

mapped and over 700 soil and rock samples were collected. 
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GENERAL GEOLOGY 

The Drum Mountains consist of a westernly tilted fault 

block composed of 3,000 meters of Precambrian and Cambrian 

sedimentary quartzites which are overlain by 900 meters of 

Cambrian limestone, dolomite and shale. These rocks have 

been intruded and replaced by small dioritic stocks and 

plugs, quartz monzonite porphyry dikes and fracture-filling 

jasperoids. Skarns have been produced by the intrusion of 

the quartz diorite in which silica, aluminum, magnesium and 

trace elements have been introduced into the carbonate 

rocks. Hydrothermal alteration is apparent in every rock 

unit. Volcanic rocks surround the outer portion of the 

mountains but they were not considered in this study. 

The sedimentary rocks in the Drum Mountains have under

gone little or no folding but are cut by steeply dipping 

normal and reverse, eastward-trending faults. These faults 

were important for the transportation and deposition of 

mineralizing fluids which produced the jasperoid and 

manganese deposits. 

The quartzites, carbonates and shales were deposited 

in the Cordilleran geosyncline of the eastern Basin and 

Range Province (Shawe, 1972). The Cretaceous Sevier 

orogeny and the Tertiary development of the Basin and Range 

Mountains characterized by folding and eastward overthrust

ing in western Utah produced the present-day faulted homo-
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cline of the Drum Mountains (Armstrong, 1968). 

Approximately 5.2 square kilometers were mapped and 

the geology is shown in Figure 2. Crittenden et al. (1961) 

mapped the area just north of the study area shown in 

Figure 2. 

QUARTZITES 

The oldest sedimentary rocks which outcrop in the Drum 

Mountains are Precambrian and Lower Cambrian quartzites. 

The quartzites have been subdivided by Crittenden et al. 

(1961) into the Prospect Mountain Quartzite (2750 meters) 

and Busby Quartzite (55 meters) with intervening Cabin 

Shale (37 meters). All three units were mapped as one for 

this study. 

The quartzites consist of crossbedded medium-grained, 

buff to reddish-brown quartz beds. Iron oxide staining is 

abundont throughout the area. 

Crittenden et al. (19£1) summarized the lithology, 

correlation and stratigraphy of the quartzites as well as 

the other sedimentary rocks in the area . 

. I:I_ty_~?_'£_Qf:J_~~-'-_DOLm1ITES ~ND INTERBEDDED SHALES 

A major portion of the central Drum Mountains is com-

posed of interbedded Cambrian limestones, dolomites and 

shales. The limestones are thick to thin-bedded, fine-

grained and bluish gray in color containing spar-se fossils. 

Some of the limestones have been dolomitized. 
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Only one dolomite unit (dolomite H of Crittenden et 

al., 1961) outcrops in the study area (Figure 2). The unit 

is a massive, coarse-grained gray dolomite which weathers 

brown. The dolomite thickens toward the north. The 

thickening was probably caused by hydrothermal fluids which 

converted the limestone to dolomite (dolomitization) along 

the limestone-dolomite contact (see Lovering et al., 1963). 

Dolomitization was apparently stronger in the north and 

increased the thickness of the pre-existing dolomite to the 

north. Structural control may also cause thickening. 

PLUTONIC ROCKS 

Quartz monzonite porphyry outcrops in two places in the 

area mapped. The quartz monzonite forms small dikes which 

have been intruded along pre-existing faults. The dikes are 

relatively small in size; the largest being the dike in the 

Martha Fault which is approximately 60 meters long and 10 

meters wide. Crittenden et al. (1961) indicated ·that the 

quartz monzonites becomes pipelike and more extensive with 

depth as one goes farther north in the range. 

The rock, which contains 50% phenocrysts, is composed 

of hornblende, plagioclase and biotite set in a fine

grained.groundmass of quartz and orthoclase. Alteration 

has produced chlorite, calcite, recrystallized quartz, iron 

oxides, pyrite, sericite and clay minerals. 

Plugs and small stocks of fine-grained quartz diorite 

intrude the sedimentary rocks in the area. These range up 
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to 300 meters across and have irregular outlines. Skarns 

are commonly produced by the intrusion of the quartz diorite 

into the adjacent calcareous sedimentary rocks. 

The quartz diorites are composed of plagioclase, horn-

blende, biotite and quartz with minor pyroxenes. Alteratj.on 

minerals include pyrite, sericite, epidote, iron oxides and 

clay minerals. Many fractures in the intrusives have been 

filled by quartz, allophane, iron oxides, calcite and clay 

minerals, producing distinct alteration zones. 

Three samples of the quartz monzonite and three sam-

ples of the quartz diorite were analyzed in the lab for 

eight major and minor elements. The average oxide concen-

trations ~re shown in Table 1. 

Qtz. Monz. 58.58 0.96 17.62 6.76 2.72 4.65 3.78 3.83 98.90 

Qtz. Dior. 58.75 1.00 17.73 7.51 2.91 5.85 3.33 2.41 99.49 

Table 1. Average oxide concent~ation (in kt. %) of the 
quartz diorites and quartz monzonites; elements 
were analyzed by X-ray fluorescence arid atomic 
absorption spectrometry. 

JASPEROIDS 

The jasperoids in the Drum Mountains are reddish-brown 

to reddish-gray, cryptocrystalline quartz bodies wh~ch have 

replaced carbonates along faults and fractures. Minor 

amounts of hematite, ilmenite, chalcopyrite, chalcocite, 

malachite, azurite, jarosite and chrysocolla occur ·within 

the jasperoid bodies (Crittenden et al., 1961; McCarthy 
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et al., 1969). 

Gold occurs within the jasperoids as free disseminated 

particles a few microns in diameter. The gold size is sim

ilar to the gold at Carlin, Nevada. Gold content ranges up 

to 100 ppm and twenty samples from one body (400 feet by 

100 feet) average 10 ppm (McCarthy et al., 1969). Maximum 

concentrations for other elements include 1.5% Bi, 1.5% Sn, 

10% Cu and 1000 ppm Ag (McCarthy et al., 1969). Even 

though trace-element values are sporadic, they were probably 

emplaced from the same mineralizing fluids. 

T. G. Lovering (1972) suggested four conditions for 

jasperoid formation. These are: (1) a source of silica, 

(2) fluids capable of dissolving and transporting the silica 

to the site of deposition, (3) conditions at the site to 

cause deposition and (4) reaction rates at this site such 

that the host rock dissolves at the same rate or faster than 

the deposition of the silica. 

The two main opposing sources for silica appear to be 

(1) from igneous rocks and (2) from leaching of the country 

rocks. Bailey (1975) suggested that the source of silica in 

the Drum Mountains resulted from the cooling of intrusive 

rocks which released a silica solution that migrated upward 

into reactive carbonates. T. G. Lovering (1972) stated that 

evidence from the Gilman District in Colorado and the Upper 

Mississippi Valley district shows that the silica can be 

leached from the country rocks by highly alkaline waters. 
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In the Drum Mountains leaching of the basal quartzites could 

have produced a silica solution. 

A fluid capable of carrying large quantities of silica 

is pH-dependent. At high pressures and temperatures solu-

bility is highest in near-neutral solutions but at low 

pressures and temperatures solubilities are highest in 

highly alkaline solutions (Lovering, 1972). 

Precipitation will occur when there is a change of pH 

and/or other physico-chemical changes. A change of pH to 

neutral in a solution near the surface (low pressure and 

temperature) will cause the precipitation of silica. T. G. 

Lovering (1972) also showed that carbonic acid, Al+ 3 , Na+, 

Cl and F may precipitate silica. The theory of replace-

ment and rate of reaction given by T. G. Lovering (1972) is 

as follows: 

(1) hot hydrothermal solutions saturated with silica 

and dissolved CO~ enter a large conduit within a 
c:. 

fault in carbonate rocks in the zone of ground 

water. 

(2) the movement is confined to the main conduit at 

depth. 

(3) as the solutions come within a few thousand feet 

of the surface, they mingle with connate brines and 

enter into smaller fractures and minor faults. 

( 4) the pressure becomes less as the solutions reach 

the surface. 
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(5) if the solution enters a brecciated limestone, the 

solution will cause the limestone to dissolve which 

tends to neutralize the solution. 

(6) as the pH rises due to the solution of the lime

stone, the silica precipitates. 

(7) the rising pH also reduces the solubility of the 

host rock which continues until the solution and 

the host rocks are in equilibrium. 

(8) the precipitation of silica forms a gel which still 

permits solutions to diffuse through. 

( 9) conversion of silica gel to quartz results in 

decrease of volume which increases porosity and 

permeability which permits the silica solution to 

pass through toward the replacement interface (due 

to low pressure and low concentration gradients). 

(10) replacement ceases because either (a) pH becomes 

too high and the limestone becomes less soluable 

than the silica; (b) temperature becomes too high 

for reaction to continue; (c) the silica layer 

becomes too thick or impermeable to permit 

diffusion; (d) silica supply becomes depleted; or 

(e) the main conduit breaks through to the surface 

along a different route. 

Field relationships along with stable isotope data and 

fluid inclusions suggest that the jasperoids in the Drum 

Mountains were deposited from silicate-bearing meteoric 

12 



waters at low temperature (Bailey, 1975). Such waters were 

probably a chloride solution with sufficient carbonic acid 

to keep silica in solution. Upon decreasing temperature and 

pressure and with the reaction of carbonic acid with the 

limestone, the solution would deposit silica into the lime

stone. 
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ALTERATION 

Many types of alteration occur in the Drum Mountains 

and include: (1) contact metamorphism and metasomatism 

(producing skarns), (2) bleaching and recrystallization of 

carbonates, (3) dolomitization and (4) alteration zones 

along fractures. Other types of alteration such as 

jasperoidal, argillic (production of clays by hydrothermal 

solutions) and other pre-ore hydrothermal alteration will 

be discussed later when comparing the alteration pattern in 

the Drum Mountains with the Tintic District, Utah. 

CONTACT METAMORPHISM 

Skarns are common around quartz diorite plugs. The 

introd~ction of silica into the carbonates and calcareous 

shales has produced calc-silicate minerals such as garnet, 

vesuvianite, epidote and diopside. Trace elements such as 

zinc have also been introduced into the skarns. Recrystal

lization of calcite is abundant throughout the skarns. The 

skarns can be traced for approximately 300 meters away from 

the intrusions (Figure 2 and Plate II). 

BLEACHING AND RECRYSTALLIZATION 

Bleaching and recrystallization of the carbonates is 

common throughout the area and show that extensive hydro

thermal alteration has occurred. This type of alteration 

is most prominent just outside the skarn zones where there 
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is a gradation away from the skarn and in faults and 

fractures. The blue limestones and gray dolomites were 

bleached white and have become friable in the alteration 

process. 

DOLOMITIC ALTERATION 

The alteration of limestone to dolomite in the Drum 

Mountains has been shown by Lovering et al. (1963) using 

o18 ;o16 and c 13;c12 ratios. Dolomitization of limestone was 

either irregular or uniformly restricted to particular beds. 

This type of alteration was predominantly fracture-control-

led. Dolomite often replaced a limestone bed along a pre-

existing limestone-dolomite contact. 

The o18 ;o16 values are related to fractures and not to 

individual beds. 18 16 . The 0 /0 rat1os decrease away from the 

fringe of dolomitic alteration inward toward the source 

conduits near the Staats and Last Chance faults (approxi-

mately 1.6 kilometers north of the area shown in Figure 2). 

The lowest values occur where there is the greatest evidence 

of higher temperature and more intense alteration. 

Dolomitization was accompanied by the introduction of 

manganese, producing manganese carbonates, which have in 

part replaced the dolomitized limestone. The hydrothermal 

solutions suggested by Lovering et al. (1963) were dom-

inately chloride brines containing abundant magnesium with 

some iron and manganese. The consistency of c13;c12 ratios 

suggest that the fluids contained little or no bicarbonate or 
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carbonate ions in solution. The absence of fluorite and 

anhydrite indicate that the fluids were not saturated with 

-1 -2 F and so4 ions. 

ALTERATION ZONES 

Several faults and fractures contain zones of silicic 

and argillic alteration which are similar to the jasperoids. 

These zones range from iron oxide staining of fractures to 

chert-argillic replacement to small jasperoids. Secondary 

calcite and clays are present in most zones. These zones 

are mineralized to some extent and range from a trace to 

4 ppm in gold and a trace to 200 ppm in silver. 

This alteration occurred after emplacement of the 

quartz diorite because hydrothermal solutions have deposited 

secondary minerals in faults and fractures that cut the 

intrusives. 



SOILS 

The soil profiles within the Drum Mountains are 

typica~ of arid-type desert soils with just C and D 

horizons. The soil depth in most areas, except the soil 

overlying Quaternary alluvium (soil or sediment without the 

dominance of a single parent rock), is approximately 10-25 

em deep. Abundant loose and partly weathered rock is 

common in the soil. The thickness of alluvium is unknown 

but alteration zones are visible within a few inches of the 

alluvial surface in many places. 

The soils in the Drum Mountains are very low in 

organic material. All samples were sieved to remove any 

large-sized organic material because of possible metal 

complexing by organic remains. 

Approximately 10-50% of each sample passed the 80 mesh 

screen. The soils of the alluvium have the highest percent

age of fine material and the soils with one dominant parent 

type have abundant rock chips. The difference in soil size 

between samples could cause a problem in analysis in that 

the finer material with increased surface area will concen

trate more metal ions. Sieving to remove the coarse 

material helped to eliminate this problem. 

Even though there are no A and B soil horizons where 

most metals are concentrated, there are enough clays and 

Fe/Mn oxid~s in the C and D horizons in the Drum Mountains 
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to adsorb and concentrate metals. The mobility and 

concentration of the Hg, As and Sb in soils will be dis

cussed in a later chapter dealing with these elements. 
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MINING GEOLOGY 

The Drum Mountains have been mined and prospected 

sporadically for the last 100 years. Gold and silver were 

discovered in 1872 and the area was called the Drum mining 

district. It was renamed the Detroit district in 1879. The 

greatest period of production was from 1904 to 1915 when 

$46,000 of gold, silver and copper was mined from the 

jasperoids (Butler et al., 1920). Table 2 shows the 

Cu-Pb-Au-Ag production from 1904-1972 (Stowe, 1973). 

Copper Lead Gold Silver Total 

1904- 285 tons 3 short tons 4,858 oz 23,193 oz 
1961 $75,184 $683 $55' 177 $15,348 $246,391 

1960- 300 lbs 2 oz 14 oz 
1972 

Table 2. Cu-Pb-Au-Ag production from 1904-1972. 
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ORE DEPOSITS 

Manganese and gold-silver-copper deposits are the two 

major types of ore deposits in the Drum Mountains. Both 

types are distinct in locality and mineralogy but are 

genetically related. The manganese deposits contain little 

gold and copper and the gold-silver-copper deposits contain 

little or no manganese (Butler et al., 1920; Crittenden et 

al., 1961). 

The manganese deposits, which occur mainly north of 

the area studied, were extensively mined during World War 

II. Hydrothermal solutions deposited manganese in faults 

cutting the lower carbonate beds. The deposits were 

emplaced in faults around the intrusive rocks and are young

er than the intrusives (Shawe, 1972). Since no major mang

anese deposits occur in the area studied, they will not be 

covered; the reader is referred to Callahan (1938) and 

Crittenden et al. (1961). 

At the surface, gold, silver and copper occur mainly 

in jasperoids, although most rocks are hydrothermally 

altered and mineralized to some extent. The jasperoids and 

their economic potential in the Drum Mountains have 

received considerable attention during the last ten years 

(McCarthy et al., 1969a & b; Lovering, 1972; Bailey, 1975). 

20 
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COMPARISON WITH THE CARLIN-TYPE ORE DEPOSIT 

The discovery of fine-grained gold at Carlin, Nevada 

opened a new frontier of gold exploration. The gold at 

Carlin, as well as at the Cortez and Getchell deposits in 

Nevada and the Mercur deposit of Utah, is microscopic in 

size and can not be detected in hand specimen. 

All the recently discovered gold deposits of this type 

have certain distinctive characteristics (Radtke, 1974) 

which are: ( 1) fine-grained ore, ( 2) fault zones with 

dikes, (3) oxidized rocks above unoxidized rocks, (4) wide

spread pyrite, (5) fine-grained silicified rocks with sur

face jaspercids, (6) argillic alteration, (7) As, Sb and 

Hg halos and (8) organic compounds in or near the ore zones 

(host rocks are commonly carbonaceous limestones). 

Microscopic gold and silver in the Drum Mountains have 

all the characteristics as those mentioned above except for 

one--organic compounds in or near ore zones. The lime

stones of the Drum Mountains have relatively minor amounts 

of free organic carbon. This difference may be the reason 

why no high-grade gold deposits have been discovered in 

rocks other than the jasperoids. Carbon is apparently the 

concentrator of gold at Carlin, Nevada (Radtke, 1974) and 

the apparent lack of organic carbon in the Drum Mountains 

may be the reason for no major concentrations of gold. 
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COMPARISON OF ALTERATIONS WITH THE TINTIC DISTRICT, UTAH 

The Tintic district in the Wasatch Mountains of Juab 

County has been one of Utah's major precious and base-metal 

producing areas (Farmin, 1934; Lovering, 1949; Shepard, 

1966). The area consists of highly faulted Paleozoic lime

stones overlying basal quartzites. The sedimentary rocks 

have been intruded by quartz monzonites and are overlain by 

porphyritic quartz latites. Hydrothermal alteration has 

affected all of the rocks and has prepared the rocks for 

transmittal of subsequent ore solutions. 

T. S. Lovering (1949) suggested that there were five 

stages of alteration at Tintic. These are (1) the early 

barren stage characterized by hydrothermal alteration of 

limestone to dolomite; (2) the mid-barren stage character

ized by argillic alteration in the volcanics and carbonates 

which lie around intrusive centers (leaching and increase in 

porosity were important in this stage); (3) the late barren 

stage characterized by the production of jasperoids and the 

introduction of barite and pyrite in the sedimentary rocks 

and of allophane-quartz, barite, pyrite and calcite in the 

igneous rocks (this alteration is associated closely with 

the major ore shoots but is more extensive than the ore; 

(4) the early productive stage characterized by the intro

duction of potash, pyrite and clear quartz and by sericitic 

alteration in the wallrocks of the ore shoots; and (5) the 
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productive stage characterized by the precipitation of 

sulfides and precious metals. These alteration zones were 

produced by multiple surges of chloride solutions. Mang-

anese deposits, which were introduced during dolomitization, 

are located near the outer fringe of the jasperoids. 

Each alteration stage was smaller in size than the 

stage that preceded it. In other words, dolomitization was 

the most widespread and the productive stage the least 

extensive. 

The Drum Mountains have apparently similar geology and 

alteration history to that of the Tintic area. They are 

composed of Paleozoic carbonates resting on a basal quartz-

ite, all of which have been intruded by granitic rocks. 

Even though extrusive rocks do not occur in the study area, 

they do occur a few kilometers to the north, south and east. 

These Tertiary volcancis are mainly quartz latites, ande-

sites and basalts (Crittenden et al., 1961). 

The rocks in the Drum Mountains have been highly 

faulted. These faults have been mineralized and intruded 

by jasperoids. Pebble dikes which are important in the 

Tintic area also occur just north of the area shown in 

Figure 2 (see geologic map, Crittenden et al., 1961). These 

dikes, which are mainly composed of quartzite fragments that 

have been emp~aced along faults, are very similar to the 

pebble dikes of the Tintic District (Farmin, 1934). One of 

the main geologic differences between the two areas is that 



the Tintic sedimentary rocks are highly folded but the 

sedimentary rocks of the Drum Mountains are weakly folded. 

ALTERATION IN THE DRUM MOUNTAINS 

Dolomitization of limestones during Lovering's early 

barren stage is extensive in the Drum Mountains. Lovering 

et al. (1963) showed that dolomitization of the limestones 

is indicated by o18;o16 ratios. Dolomitization also 

increased the porosity of the rocks from 1.5% to 4%. Mang-

anese was deposited during the latter stage of dolomiti-

zation. As noted before, the lack of fluorite and anhydrite 

in or near any hydrothermal channels and the consistency of 

carbon isotopes suggest that the dolomitizing fluids were 

dominately chloride brines containj_ng much magnesium with 

some iron and manganese and little or no bicarbonate or 

carbonate ions (Lovering et al., 1963). 

Argillic alteration (Lovering's mid-barren stage) is 

apparent in the Drum Mountains but the extent of ·argilli

zation is not known. Butler et al. (1920) stated that the 

extrusive rocks surrounding the area of study show argillic 

alteration along major fractures. Thin sections and hand 

specimens of carbonates, near the intrusive rocks, also 

show argillic alteration. The Bear Creek Mining Co. has 

mapped an argillic alteration zone near the intrusives 

which show a possible connection with sulfide mineralization 

(unpublished data). Many limestone areas are sanded 

(leached becoming friable) which is a common alteration 



process of this stage. 

The late barren stage is characterized by the product

ion of jasperoids and by the introduction of pyrite, barite, 

quartz-allophane and calcite into the igneous and sedi

mentary rocks. The jasperoids were developed in rocks 

altered by fluids of the early and mid-barren stages. Py

rite or its oxidation psuedomorph, limonite, is apparent in 

all rocks. Barium becomes greatly enriched in the carbon

ates, moderately enriched in the igneous rocks and 

negligibly enriched in the jasperoids and high altered 

zones. Numerous fractures in the quartz diorite contain 

altered zones of abundant allophane, quartz, clay and iron 

oxides. Calcite, quartz and sericite are the major 

alteration products of the quartz monzonites. It is diffi

cult to determine whether pyrite and barite were introduced 

at the same time as the jasperoids. 

The two productive stages, which are characterized by 

potassic alteration producing sericite and the introduction 

of massive pyrite ore, affect only small areas of the sur

face rocks. Minor massive pyrite does exist along a few 

fissures at the surface. However, core drilling 2 kilo

meters north of the study area near the Staats and Pratts 

manganese mines showed massive pyrite and sericite replac

ing the lower carbonates, basal quartzites and quartz 

monzonites (Crittenden et al., 1961). Even though no high 

grade ore was discovered by the drilling, the alteration 
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zones are very similar to the zones of the Tintic area. 

A summary of the comparison between Tintic and the Drum 

Mountains is shown in Table 3. 

Tin tic 

Paleozoic carbonates/shales with basalt quartzite 

Quartz monzonites 

Quartz diorites 

Volcanics 

Pebble dikes 

Numerous high-angle faults 

Major folding 

Dolomitization of limestones 

Massive pyrite and sericite near conduits 

Jasperoids containing high-grade ore deposits 

Widespread minor pyrite (pyritic halos) 

High-grade sulfides 

Mn-fringing jasperoids 

Bleaching and recrystallization 

Clear quartz 

Increase in porosity from alteration 

Alteration from chloride brines 

Argillic alteration 

Table 3. Comparison of the Tintic district and the 
Drum Mountains. 

yes 

yes 

none 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

Drug:t 

yes 

yes 

yes 

yes 

yes 

yes 

none 

yes 

yes 

yes 

yes 

? 

yes 

yes 

yes 

yes 

yes 

yes 
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SAMPLING 

Approximately 550 soil samples and 150 rock samples 

were collected, of which 400 soil and 75 rock samples were 

analyzed in this study. The majority of the soil samples 

were collected using five different grid systems (only four 

sets were used in analysis, Figure 3). Samples from grid I 

were collected in three rows 150 meters apart which trended 

N80W. Within each row samples were collected 30 meters 

apart for 2000 meters. The purpose of these 171 samples was 

to determine if there were any large areas of concentrations 

of trace elements which would indicate areas of mineral

ization. 

Grid pattern V contained 56 samples collected over the 

Martha Fault and jasperoid. Samples were collected 15 

meters apart along eight rows 30 meters apart. Since the 

Martha Jasperoid has a relatively high gold content (por

tions containing greater than 10 ppm; McCarthey et al., 

1969), this grid was chosen to see if Hg, As and Sb were 

highest directly over the fault and jasperoid. If anomalies 

did occur over the Martha Fault and jasperoid, then it may 

be concluded that Hg, As and Sb may be used as pathfinders 

for mineralization in the Drum Mountains. 

Grid II (87 samples) and grid III (51 samples) were 

created in selected small valleys which crossed faults. 

Samples were collected 15 meters apart along three rows 30 
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meters apart. Rows were 425 meters long in grid II and 250 

meters long in grid III. The purpose of these two grids 

were: (1) to see if there were any anomalous metal concen-

trations in the valleys and faults with no surface jasperoid 

exposed; (2) to examine the concentrations of Hg, As and Sb 

going from the diorite plugs through the skarns to the 

limestones; and (3) to see the structural relationship of 

the Martha Fault compared with other faults (Hg tends to 

delineate faults). 

There were 80 soil samples (of which 20 were analyzed 

for Hg and As) which were taken randomly throughout the 

central portion of the area. These samples overlaid 

faults and fractures, most of which have been hydrotherm

ally altered and stained with iron oxides. 

Soil samples were collected 10-25 em below the surface 

and stored in plastic bags. Since the soils in the Drum 

Mountains are typical desert soils with little or no soil 

horizons, then the consistent sampling of the same soil 

horizon becomes unimportant. All attempts were made not 

to collect near or under vegetation in order to eliminate 

possible contamination and/or metal complexing by organic 

material which could interfere with the true dispersion of 

trace elements. If a sample point fell within recognizable 

transported material, such as a dry wash, then the sample 

was collected to the side of the wash to avoid any 

secondary dispersion anomalies. 
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Rock sampling consisted mainly of sampling the 

alteration zones, skarns, igneous, carbonates and major 

jasperoids. Rock samples were assayed for Au and Ag by 

Union assayers of Salt Lake City, Utah. 
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ANALYTICAL METHODS 

MERCUFlY 

Mercury was analyzed by flameless atomic absorption. 

The process was similar to the wet chemical aeration-

reduction method of Hatch and Ott (1968). A 0.5 gm sample 

was placed in 5 ml of 50% HCL and left overnight (approxi-

mately 15 hours). A 1 ml aliquot of the solution was 

injected into a 250 ml aeration flask which contained 10 ml 

of water and 1 ml of 20% stannous chloride solution. Any 

mercury present was reduced to elemental mercury which was 

flushed out of the flask through a dehydration tube and 

into the absorption cell by an air pressure of 800-1200 

cc/min. An EEL atomic absorptometer was converted to 

analyze fer mercury by replacing the burner head with a 

quartz absorption cell. Soil mercury content was compared 

to salt standards prepared from mercury chloride and 

recorded on a Heathkit chart recorder connected to the EEL. 

The noise and sensitivity of the machine prohibited 

exact results but the data were adequate enough to dis-

tinguish anomalous from background values. 

ARSENIC 

The determination of arsenic is very difficult by 

atomic absorption. Therefore, arsenic was determined by the 

classical Gutzeit method similar to that of Ward (1963). 

A 0.25 gm sample (minus 80 mesh) was fused with 1 gm of 
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potassium bisulphate and then leached with 5 ml of 0.5M 

HCL in a boiling water bath. A 2 ml aliquot from the 

leachate was combined with 2 ml of potassium iodide solu-

tion and 0.75 ml of stannous chloride solution (10%) and 

diluted to 10 ml in a test tube. Approximately 2-4 gm of 

zinc pellets were then added to the solution and a Gutzeit 

tube with a mercuric chloride paper was quickly connected. 

The zinc produced arsenic gas which reacted with the 

mercuric chloride paper to produce a yellowish spot. The 

intensity of the yellow spot was compared with artificial 

color st~ndards. The Gutzeit tube was impregnated with 

lead acetate glass to remove any hydrogen sulfide gas which 

could discolor the spot. 

The method was relatively rapid and easily repro-

ducible. 

ANTIMONY 

Antimony was determined by atomic absorption using a 

method similar to the ammonium iodide fusion technique of 

Nicolas (1971). A 0.5 gm soil sample (minus 80 mesh) was 

fused in a test tube with 0.5 gm ammonium iodide crystals. 

The sublimate was leached with 5 ml of 2M HCL in a 70° water 

bath. Each sample was diluted to 15 ml, filtered and 

aspirated into the atomic absorption chamber using the 

231.18 nm resonance line and a spectral slit width of 0.5 

nm. 

This method proved to be rapid, senstive to 1 ppm and 
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the results reproducible. According to Nicolas (1971) the 

common interference elements (Pb, Sn, Fe, Ca and Mg) do not 

cause a problem with the antimony values using this fusion 

method. 

STRONTIUM 

Strontium was analyzed in 80 samples using an antimony 

iodide fusion method. This fusion technique extracted more 

strontium and the sensitivity increased than when the soils 

were digested in concentrated HCL, diluted and aspirated 

into the atomic absorption. Whether there were large inter

ferences with strontium using this method was not deter

mined. 

COPPER AND ZINC 

Copper and zinc were analyzed by a partial extraction 

technique. Partial extraction removes loosely bonded and 

absorbed metal ions which probably have been emplaced due 

to mineralization after the intrusion of the igneous rocks. 

When used on unconsolidated material, strong chemical 

attacks tend to accentuate the effects of changes in rock 

composition and consequently reduce the apparent effect of 

mineralization (Bradshaw et al., 1974). 

Copper and zinc were analyzed by atomic absorption. A 

0.2 gm sample (sieved to minus 80 mesh and crushed to minus 

200 mesh) was placed in a test tube and 3 ml of ~M HCL 

added. Each sample was allowed to sit for three hours to 
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allow for adequate leaching of copper and zinc. Each sam

ple was then filtered and aspirated into the atomic absorp

tion chamber. Values were calculated using copper zinc 

sulphate salt standards. 

The method was rapid, sensitive and the results were 

reproducible. 

MOLYBDENUM 

Molybdenum was determined using the ammonium thiocya

nate method because of inadequate sensitivities using the 

atomic absorption for molybdenum in soils. The method used 

is similar to that of Ward (1963) using nitric and sulfuric 

acid digestion. This technique has been used successfully 

by Shannon (1971) at the Cumo Prospect in Boise County, 

Idaho, and by Chaffee and Hessin (1971) in Arizona who 

mapped molybdenum anomalies over various copper deposits. 

A 0.1 gm sample (sieved to minus 20 mesh and crushed 

to minus 200 mesh) was digested in 15 drops of concentrated 

nitric acid and 7 drops of concentrated sulphuric acid over 

a low flame for 30 seconds. After cooling, 4 ml each of 

citric acid (40%) and 6M HCl, 1 ml isoamyl acetate, 5 ml of 

0.5% ammonium thiocyanate and 1 ml of 1% stannous chloride 

solution were added. The test tube was shaken twice and 

set aside for 2~5 minutes until the isoamyl ~cetate turned 

amber in color. The intensity of the color, which was pro

portional to the amount of molybdenum was compared with 

standard solutions. 
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This procedure had difficulties in that the amber color 

indicative of the amount of molybdenum was unstable. The 

color would last for only about one minute and then the 

isoamyl acetate would lose the ability to hold the color 

(molybdenum thiocyanate). Therefore, the accuracy and pre

cision of the method become questionable. 
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PRECISION OF THE ANALYTICAL METHODS 

In order to evaluate the precision (reproducibility) 

of each method, the following steps were taken: (l) 10% of 

the samples were analyzed in duplicate; (2) for the atomic 

absorption methods, each sample solution was aspirated 

twice at different times; (3) if any discrepancy was 

encountered, then that batch of samples was redigested and 

reanalyzed on another day; and (4) for all elements, except 

arsenic, one particular sample was analyzed every day. 

The limits of reproducibility and lower detection 

limits are shown in Table 4. 

Limits of Lower Detection 
Reproducibility Limits 

(PPM) (PPM) 

Hg + 0.035 0.025 

As + 5.0 1.0 -
Sb :!::10.0 

Cu + 2.0 5.0 -
Zn :!::10.0 10.0 

Mo + 5.0 5.0 -
Sr :!:20.0 

Table 4. Limits of reproducibility and lower 
detection limits. 
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DISCUSSION ON ACCURACY OF ANALYTICAL METHODS 

The accuracy of each method was difficult to determine. 

Only Cu, Zn and Sr were compared with salt and USGS rock 

standards. The Hg, As, Sb and Mo concentrations of the 

USGS rock standards were either below the lower detection 

limit of the analytical method or well below the concen

tration of the elements in the soils of the samples 

studied. 

Because no suitable rock or soil standards were 

obtainable for Hg, As, Sb and Mo, the accuracy of these 

values is questionable. In a study of this nature, as long 

as the data is adequately reproducible, then accuracy may 

have a minor importance. The main importance in a geochem

ical exploration study is to distinguish anomalous zones. 

As long as a distinction can be maintained between the 

values of an anomalous zone and values of a non-anomalous 

zone, then accuracy becomes less significant. Difficulty 

arises when trying to compare these values with other 

workers. Accuracy is only important in determining ore 

grade of a deposit. 
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ERROR ANALYSIS 

The interpretation of a geochemical study is only as 

good as the sampling, analytical and statistical techniques. 

Among the possible sources of errors are: 

(l) the samples may not have been collected at an 

optimum distance which would show a meaningful 

mineralization pattern; 

(2) high metal concentration in soils may be false or 

non-significant anomalies due to (a) high erratic 

background values, (b) high metal concentrations 

due to absorption and concentrations by organics, 

clays and/or oxides, (c) anomalous concentrations 

of metals in soils may have no relation to ore, or 

anomalies may be due to secondary dispersion 

patterns which may have no reflection on mineral

ization below (after Levinson, 1974); 

(3) the anomalies may have no ore beneath because 

(a) the ore zone may have been above and since 

eroded away, (b) the hydrothermal fluids which 

produced the soil anomaly may have never produced 

an ore zone, (c) secondary dispersion may form 

patterns resembling primary dispersion patterns, 

(d) trace elements as copper in biotite may be 

due to normal rock forming processes and not 

economic mineralization, (e) the anomalous halos 



may have formed from pre-ore or post-ore solut

ions and not directly related to it (as mercury 

which always tend to follow faults), and (f) the 

ore beneath may be extremely deep and unrecover

able (after Levinson, 1974). 

(4) the partial extraction method for copper and zinc 

may not have consistently released enough of the 

elements to give a meaningful dispersion pattern; 

(5) the errors in analysis may be numerous (e.g. un

stable color in the molybdenum test, injection 

rate of solution into the aeration flask for 

mercury, etc.) and the problems in accuracy of 

the analytical techniques have already been 

discussed; 

(6) grain size and mineralogy, which may affect the 

extractability of the metal (Foster, 1973), have 

wide ranges and determining true anomalies may be 

difficult. 

Many of these errors can be minimized if it can be 

demonstrated that anomalous zones correspond to known 

mineralized areas. In other words, if metal concentrations 

in soils are highest directly over the Martha Jasperoid 

(a known mineralized zone), then sampling, analytical, 

statistical and interpretation errors become minor. 
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GEOCHEMISTRY OF SB, AS AND HG 

In order to interpret and understand the anomalous 

values of Hg, As and Sb, it is necessary to understand the 

geochemistry of each element and how it pertains to explor-

ation for ore deposits. The validity of each element as a 

pathfinder must be demonstrated. The geochemistries of Hg, 

As and Sb will only be covered briefly while Cu, Mo, Zn and 

Sr, having only minor importance in this study, will not be 

covered at all. 

ANTIMONY 

Little research has been published on the geochemistry 

of antimony in soils. Antimony is a chalcophile element 

according to Goldschmidt (1954) that belongs to the Va 

group of the periodic table of the elements along with 

arsenic and bismuth. The element is usually concentrated 

in sulfides, especially in the mineral stibnite. 

The radius of Sb+ 5 is 0.62A, which is similar in size 

to the Vb group elements niobium and tantalum. Substitu-

tion between these three elements takes place in minerals 

of pegmatites and skarns (Goldschmidt, 1954). Antimony is 

also found as Sb+3 in weathered sulfides. 

Antimony is generally stable in near-surface environ-

ments. It is immobile in reducing environments and has low 

mobility in oxidizing, acidic, neutral and alkaline 

environments (Levinson, 1974). The low mobility of 
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antimony in soils is due to its ability to form different 

compounds in different oxidation states. Antimony is 

stable in sulfides in reducing and alkaline environments. 

Upon weathering of sulfides in oxidizing and acidic 

environments, antimony is released but is then absorbed 

onto stable Fe and Mn oxides. 

ARSENIC 

Arsenic is a chalcophile element of Goldschmidt (1954) 

and belongs with antimony in the Va group of the periodic 

table of the elements. It is associated with sulfur with 

which it forms sulfides and mainly arsenopyrite. It also 

occurs as a trace element in other sulfides, especially 

pyrite (up to 6000 ppm; Boyle and Jonasson, 1973). 

The mobility and volatility of arsenic depends upon 

its oxidation state, migration state and modes of precipi

tation. Arsenic as the native element (As 0
) has high 

volatility and will precipitate in complex reactions mainly 

with sulfur, iron and nickel in skarns, pegmatites and vol

canic sublimates. Arseni6 in the pentavalent state will 

form moderately mobile sulpho-salts in alkaline solutions 

and will precipitate as realgar, opriment and enargite. 

Arsenic in the trivalent state will form mobile complex 

chlorides in acidic solutions. In summary, arsenic is high

ly volatile and mobile in acidic and alkaline solutions and 

will precipitate in neutral or slightly alkaline solutions 

(Boyle and Jonasson, 1973). 
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The high mobility of arsenic enables it to migrate into 

fractures and porous zones where surface environments or 

highly reactive rocks control its movement and/or precipi

tatic~. Arsenic in rocks and soils undergoing weathering 

becomes oxidized to the pentavalent state. Arsenic in this 

state is only mobile in high acidic solutions and environ

ments. Therefore, any solution or gas which is not highly 

acidic reaching an oxidizing zone will precipitate arsenic 

on iron oxides and as arsenates with zinc, lead, iron and 

nickel (Boyle and Jonassen, 1973). Arsenic in a reduced 

environment has high solubility mainly due to the reduction 

of iron oxides releasing arsenic (Dewel and Swoboda, 1972). 
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lviERCURY 

Since the Russians first recognized mercury as a path-

finder for buried ore deposits, research on the geochemistry 

of mercury has become important. The last ten years has 

shown much work on mercury in soils and sulfide ore 

deposits. 

Mercury is a chalcophile element according to 

Goldschmidt which has an affinity for sulfur and becomes 

concentrated in sulfides (Jonasson, 1970). This behavior 

with sulfur makes mercury similar to other chalcophile 

elements such as As, Sb, Ag, Zn, Cu, Se, Te and Bi. 

Mercury can also form the metallic bond (native mercury) 

which is chemically inert and can exist over a wide range 

of pH and Eh (Khazretdinov, 1971). Because it can form a 

native element, it becomes associated with other native 

elements such as gold. Mercury can also exist as minor 

compounds as oxides and chlorides in soils. 

Mercury generally occurs in the sulfide environment as 

the sulfide cinnabar (HgS) or as a dispersed element in Cu, 

Zn and Pb sulfides (McNerney .and Buseck, 1973). 

Mercury is released when the host minerals are 

oxidized. Cinnabar is unstable in an oxidizing environment 

and mercury is released upon oxidation (McNerney and 

Buseck, 1973). Mercury can also be released from other 

sulfides in a buried ore deposit by the following 

mechanism: (McNerney and Buseck, 1973) 



ZnS + 4H
2

0 + 4Hg+2 = 2Zn+ 2 + so
4
-l + 8H+ + 4Hg0

. 

Dickson (1968) has shown that reheating an ore body in the 

presence of water can also cause cinnabar and other sul

fides to release mercury. 

Once mercury is released it becomes stable and is free 

to migrate. Migrating mercury: (1) is inert and migration 

depends on natural electrochemical gradients; (2) has 

high fugacity and therefore dispersion depends on temper

ature gradients; and (3) has high critical temperature 

which enables it to occur as a gas and therefore can 

amalgamate other elements such as Sn, Mo, Bi, Zn, Cd, Au 

and others producing spurrious anomalies (Khazretdinov, 

1971) . 

After mercury reaches the surface, it becomes concen

trated in surface rocks and soils. The concentration of 

mercury is mainly dependent on pH, organic content, grain 

size, porosity and surface temperature. Maximum fixation 

of mercury in solids occurs when the pH is 7.5-8.0 for 

rocks and 6.0 for clays (Jonassdn, 1970). The lower the 

temperature, the finer the particle size and the higher the 

organic content; then the greater the concentration of 

mercury becomes. 

Mercury can exist in the soil as either a vapor and/or 

a liquid. Mercury vapor is located within the pores and 

liquid mercury is adsorbed on oxides, clays and organic 

metallic complexes. Mercury vapor and liquid mercury 
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behave differently to environmental conditions and, there

fore, must be treated differently. Mercury analysis in 

this study dealt entirely with elemental liquid mercury. 
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PATHFINDER ELEMENTS 

MERCURY 

The usefulness of mercury as a pathfinder has been 

well documented (Hawkes and Williston, 1962; Erickson, 1966; 

Gott and McCarthy, 1966; McCarthy et al., 1969; Gott et al., 

1972). The dispersion halos of mercury are restricted to 

overburden. However, the thickness and character of the 

overburden is not important (McCarthy et al., 1969, 

McNerney and Buseck, 1973). Mercury anomalies have been 

correlated with ore deposits buried over l km deep. 

Hg content varies for different rocks and soils, and 

for different geographical areas. The worldwide average 

for soils is 0.01 ppm and the western United States average 

is 0.083 ppm (geometric mean is 0.055 ppm) (Shacklette et 

al., 1971). 

Warren et al. (1974) showed in Canada, particularly 

British Columbia, that as a general guide (l) a soil un

related to mineralization will range from 0.01 ppm to 

0.05 ppm of mercury; (2) a soil in the vicinity of base 

metal, gold or molybdenum mineralization but well removed 

from it will run 0.05 ppm to 0.25 ppm; (3) a soil that is 

within a hundred meters of base-metal mineralization will 

range from 0.25 ppm to 2.5 ppm; and (4) a soil in the 

immediate vicinity of mercury mineralization should run at 

least l ppm to 50 ppm. In general, soils in the vicinity 
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of gold and base metal deposits contain from 0.05 ppm to 

0.25 ppm and any soil or soil horizon that has a mercury 

content of 0.5 ppm or more would be considered anomalous. 

ANTIMONY 

Antimony as a pathfinder has been used successfully in 

exploration. Elliot and Well (1968) in their work in 

Cortez, Nevada have found that antimony is a good indicator 

for gold and silver mineralization in quartz monzonites 

and skarns. Boyle (1974) indicated that antimony, as with 

arsenic, is generally low in soils over copper porphyrites 

but is usually anomalously high in soils overlying gold 

and silver mineralization. 

A high mobility of antimony enables it to travel 

outward from an ore deposit. The dispersion halos are 

usually restricted to bedrock and residual overburden. 

Antimony is able to migrate from the ore through at least 

6 meters of overburden where it becomes concentrated and 

adsorbAd (Errol and Zake, 1972). The dispersion pattern 

is smaller than that of mercury or arsenic. 

The average abundance of antimony in soils is 5 ppm 

(Levinson, 1974). 

ARSENIC 

Arsenic has been used successfully as a pathfinder 

(Zabloski, 1968; Elliot and Wells, 1969; Bowen, 1972; Boyle, 

1974). Its high mobility, ability to become attached in 
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soils and the association with ore minerals makes arsenic 

an excellent pathfinder. Arsenic also has a specific 

coherence with gold. 

Arsenic forms well-defined dispersion halos around ore 

deposits. Arsenic concentration in silicified gold veins 

(jasperoids) and stockworks is approximately 100-500 ppm 

(Boyle and Jonassen, 1973). Therefore, arsenic concen-

trations in soil of greater than 100 ppm may be anomalous 

for jasperoid mineralization. Dispersion halos of arsenic 

over gold mineralization may exist for 100 meters and even 

larger halos may exist over faults (Bowen, 1972). 

STRONTIUt1 

~.- t t t . S 8 7 I 8 6 t . . 1 t . L"1any a emp s us1ng r ra 1os 1n oca 1ng 

porphyry copper deposits have been made, but little work 

has been done using total strontium in soils as a path-

finder for mineralization. Olade and Fletcher (1975) show-

ed that hydrothermal alteration around porphyry coppers 

depletes strontium relative to barium with the greatest 

depletion in the strongest zone of potassic alteration. 

Warren et al .. (1974) in a study on volcanic rocks in 

British Columbia indicated that strontium becomes depleted 

relative to barium in ore zones. Ozaryun (1974) in a study 

of Chilean andesites showed that strontium increases in 

hydrothermal alteration zones and rapidly decreases in ore 

zones. 



PRIMARY HALOS AND ZONATION OF METALS 

Trace elements have different mobilities and, there

fore, tend to fractionate around an ore deposit. Many 

metals are zoned vertically and laterally from the ore. 

The recognition of zoning in halos can help to indicate the 

position of mineralization. A mercury halo may extend out 

for more than kilometer but lead, zinc, and copper are con

centrated closer to the area of mineralization (Hawkes and 

Williston, 1962; Williston, 1964). 

Zonations of Au, Ag, As, Cu, Sb and Hg have been shown 

by Polekarporhkiv and Kiteav (1971) to have distinct char

acteristics around epithermal gold deposits in Russia. 

Their conclusions were as follows: (1) arsenic was highest 

at the upper end of the ore deposit where wide halos were 

present; (2) suprahalos of Hg and As can be traced some 

200-300 m above gold mineralization; (3) the upper parts of 

the superhalos contain high Hg and As contents but low gold 

and silver concentrations; (4) Hg/Au ratios increase away 

from productive gold mineralization; (5) if Hg, As and Sb 

concentrations were high and Au and Ag concentrations were 

low, then the sample was taken high above mineralization; 

(6) Sb is distributed syngenetically with gold and silver 

mineralization but shows a more poorly developed halo than 

Hg and As; (7) Cu falls to background well below the uvper 

As halo; (8) the horizontal pattern is similar to the 
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vertical pattern; and (9) Ag/Au ratio increases away from 

optimum mineralization. 

Ratios of elements away from an ore deposit may be 

characteristic in locating ore. For example, the higher 

the Cu/Zn ratio, the more favorable trend with mineraliza

tion (Warren and Delavau1t, 1969; Gott and Botbo1, 1972). 
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INTERPRETATION OF GEOCHEMICAL DATA 

BACKGROUND 

Background is defined by Levinson (1974) as being the 

normal range of elemental concentration in an area. 

Because elemental statistical distributions were irregular, 

the median was used to determine the background value for 

each element for each parent rock type (after Hawkes and 

Webb, 1962). The median is a good indicator of local back

ground (Levinson, 1974) and has been used successfully for 

defining background values by Elliot and Wells (1968) in 

the Cortez district and by Chaffee and Hessin (1971) in 

southern Arizona. In this study, background values were 

chosen for each of the seven elements studied for each soil 

group with a different underlying rock type (see Table 5). 

THRESHOLD AND ANOMALY 

The threshold value defined as the upper limit of back

ground values and an anomalous value is defined as a value 

departed from the norm which may indicate mineralization 

(Levinson, 1974). An area may have two thresholds which 

are: (1) a regional threshold (based on the regional 

background for an area) and (2) a local threshold (related 

to a local background and primary dispersion of mineraliza

tion). Local thresholds have higher element concentration 

than a regional threshold and any value greater than the 

local threshold is considered anomalous. 

51 



Elem. 
Parent 

Rock 
II 

Samples 
Range 
(ppm) 

QD 55 0.020 - 0.610 
Sk 49 0.030 - 0.340 
Ls 74 0.030 - 3.050 

Background
median (ppm) 

Threshold (ppm) 
2X Background 

Hg Do I 17 0.060 - 1.520 
Qal 1J9 0.010 - 2.000 
Qtz 30 0.025 - 0.510 

0.090 
0.110 
0.125 
0.190 
0.120 
0.100 

0.180 
0.220 
0.250 
0. 380 
0.240 
0.200 

~~-zo 1 3o o.2oo -55.ooo 
QD --t--ss----+-----l-----2-l----+------5------4--------1-0------

Sk 49 2 - 45 10 20 
Ls 74 2 -110 17 34 

As Do 17 1 -158 15 30 
Qal 139 l -207 12 24 
Qtz 30 1 - 33 10 20 

- ----+- A l t Z o ---::3:-::0:-----t-----,l:-:0,..--_2-;0:--;;0:----+----::-:::------+------:::-c---c--
QD 55 18 - 68 37 74 
Sk 49 20 -138 57 114 
Ls 74 32 -170 85- 170 

Sb Do 17 27 -206 Bo 160 

Zn 

Cu 

Mo 

i,Jal 139 16 -205 66 122 
Qtz 30 22 - 95 58 116 

QD 
Sk 
Ls 
Do 
Qal 
Qtz 

QD 
Sk 
Ls 
Do 
Qal 
Qtz 

QD 
Sk 
Ls 
Do 
Qal 
Qtz 

23 
15 
18 

4 
73 
29 

23 
15 
18 

4 
73 
29 

23 
15 
lE 

4 
73 
29 

21 -103 39 78 
23 -104 40 80 
10 - 95 21 42 
13 - 39 36 72 
12 - 97 29- 58 
13 - 83 23 46 

15 - 53 30 60 
17 - 48 25 50 
25 - 4tl 39 72 
30 - 38 34 68 
15 -115 31 62 
16 - 46 25 50 

14 - 51 
14 - 33 
11 - 38 
12 - 16 
10 - 47 
12 - 55 

25 50 
20 40 
18 36 
14 28 
20 40 
20 40 

Table 5. Background and Threshold Values. QD = quartz diorite, Sk = 
skarn, Ls = limestone, Do = dolomite, Qtz = quartzite 
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In this study the threshold was determined as twice 

the background value. This technique for determining the 

threshold has been used successfully by Boyle (1971). The 

statistical distribution of each element was too irregular 

to determine the threshold by other statistical methods. 

An attempt was made to determine if a multiple popu

lation existed (whether a secondary hydromorphic dispersion 

was superimposed on the primary dispersion). A cumulative 

frequency curve was plotted for each element (Hg, As and 

Sb) for each parent rock type (procedure after Tennant and 

White, 1959). Each element was plotted on probability 

paper. If the line represented on the graph was straight, 

then only one population (primary dispersion) would be 

~resent. If the line curves, then a multiple population 

exists (secondary dispersion). Even though the plots of 

elements were irregular, they were all associated with a 

straight line. A few erratic points (less than 1%) existed 

mainly in soil samples overlying Qal which may indicate 

secondary transportation in some areas. This statistical 

procedure showed that (1) little secondary dispersion has 

occurred in the area and (2) the Qal is composed of mainly 

residual sediments with little transported sediments. 
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MAPS AND DIAGRAMS 

In order to determine possible mineralized areas, each 

metal content was plotted on separate maps. Metal concen

trations in soils are represented by using isograds (con

tours of equal metal content). The first isograd is near 

the average background value for that element; the other 

isograds are multiples of the first isograd. 

Background values were calculated for each soil with a 

different underlying rock (e.g. limestone, Qal, quartz 

diorite, etc.). The median was used for each group of 

values. Background values vary greatly with respect to 

differect rock types. For example, the background value 

for arsenic in soils overlying quartz diorite is 5 ppm but 

the background value of arsenic in soils overlying dolomite 

is 15 ppm. An arsenic content of 20 ppm would be above the 

threshold value over the quartz diorite but below the back

ground value of a soil over dolomite. This large range of 

background values becomes a problem in interpretation of 

the data. Whether the great difference in background values 

is a result of normal (or ore-alteration) geologic processes 

or the result of alteration and mineralizing fluids which 

affected the rocks differently, is difficult to ascertain. 

Whatever the reason for the differences in background 

values, metal concentrations are shown in two ways: (1) 

metal concentrations of soil samples without regard to 
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underlying rock type; and (2) metal concentrations in soils 

with respect to underlying rock type. 

Figure 4 and Plates I and II show Hg, Sb, and As con-

centrations of all samples without regard to underlying 

geology. The first isograd was chosen at some convenient 

number which had a value between the two background value 

extremes for each element. Figure 4 shows metal concen-

trations of Hg, As and Sb of the Martha Mine and Fault. 

Plate I shows metal concentrations for Hg, As, Ab, Cu, Zn, 

Mo, Sr, and Cu/Zn of samples collected in grid 1. Plate II 

shows Hg, As and Sb concentrations for grids II, III, V and 

the western portion of grid I. Plate IIIA shows threshold 

metal concentrations in which the threshold isograds for 

each element were taken from Plates I and II. 

Background and threshold values for each element for 

each soil type are shown in Table 5. These values were used 

to show Hg, As, and Sb concentrations with respect to under-

lying geology in Figure 5 and Plate IIIB. Figure 5 shows 

lst, 2nd and 3rd order anom~lies in soils overlying the 

Martha Fault and jasperoid. Plate IIIB is a map which 

shows anomalous metal values for each element (taken from 

Table 5). 
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RESULTS AND CONCLUSIONS 

INTRODUCTORY STATEMENT 

The success of an exploration program depends on 

whether anomalies can be assigned to mineralized areas 

(Bradshaw, 1974). The release of mercury, arsenic and 

other trace elements from a sulfide or precious metal 

deposit will produce a primary dispersion pattern which 

reflects the outline of the deposit and/or the underlying 

structure of the deposit. The high volatity and vapor 

pressure of mercury, arsenic and other trace elements 

causes the element to rise following the most porous zones. 

It is important to discuss what constitutes an 

anomalous zone which may indicate buried mineralization. A 

single anomalous value surrounded by values below threshold 

may either be an erratic value, or if mineralization has 

occurred, then the area of ore potential is small and should 

be neglected. More than one element showing anomalous 

values for the same sample is more indicative of minerali

zation than just one element showing an anomalous value. 

Zoning of metals may be an argument against the preceding 

statement. For example, a sample showing high mercury 

values but low values for other metals may be a sample 

collected high above mineralization in which other metals 

did not have the mobility to reach the sample site. In 

summary, the best areas for potential mineralization are 
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areas with more than one sample showing anomalous values 

for more than one element. The larger the area of anomalous 

values and the more elements having anomalous values, then 

the more attractive is the target. 

RESULTS OF ELEMENTAL DISPERSION 

The following is a short discussion on the distribution 

and behavior of the elements as a result of this geochemical 

study in the Drum Mountains. The results are taken from 

Figures 4 and 5, Plates I through III and from the gold

silver assay report (not given). 

Mercury: ( 1) tends to define the faults, ( 2) has a 

wide range of values, (3) has large areas of values greater 

than background (wide dispersion), (4) has high values over 

alteration zones, (5) is apparently a good indicator of 

gold-bearing jasperoids and (6) correlates with arsenic and 

antimony values as shown over the Martha Jasperoid. 

Arsenic: (1) has a smaller dispersion pattern but has 

better defined zones of high and low values than mercury, 

(2) delineates mineralized and major faults but does not 

define minor alteration zones as does mercury, (3) is 

apparently a good indicator of gold-bearing jasperoids and 

(4) has anomalous values in areas other than fractures and 

faults. 

Antimony: (1) has a broad dispersion pattern around 

mineralized faults but has a small range in values, (2) has 

anomalous zones which are smaller than mercury or arsenic 
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anomalies, (3) is a good indicator of gold-bearing 

jasperoids and (4) has anomalous zones in areas other than 

fractures and faults. Since the mobility of antimony 

through alluvium is small compared to the mobilities of 

mercury and arsenic, then high antimony values may suggest 

a high bedrock source, and small antimony values but high 

mercury and arsenic values in the soil may suggest a deeper 

source. 

Zinc has two large north-south trending zones which are 

above the background value. A third area in the southeast 

corner of grid I (Plate I) also shows high values. The 

westernmost area centers over the quartz diorite and the 

other two zones overlie the lower limestone units and the 

limestone-quartzite contact. Background values of zinc 

(Table 5) are highest in soils overlying the quartz diorite 

and skarn and then decrease in soils over limestones. This 

suggests that zinc was introduced into the skarn from the 

quartz diorite. 

Molybdenum has a large central zone of values greater 

than background which apparently correlates with the quartz 

diorite. It also has a large zone of values above back

ground in the soils overlying alluvium and the limestone

quartzite contact in the southeast corner of grid I. 

Copper does not seem to correlate with the quartz 

diorite as much as zinc or molybdenum. Only 4 of 171 

samples showed anomalous values which suggest that either 
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no major copper mineralization has taken place or if 

mineralization has occurred, then it must be deep-seated. 

Strontium: (1) has values which increase in hydro

thermal zories (sub-ore zones) but rapidly decrease in soil 

overlying jasperoids (ore zones), (2) shows direct corre

lation with antimony and similar distribution to that of 

mercury and arsenic, and (3) has the highest concentrations 

in soils overlying carb6nates (correlation of strontium with 

calcium). 

Copper tends to concentrate more in jasperoids than 

does zinc. Therefore, the Cu/Zn ratio may be applied to 

large areas of country rocks favorable for jasperoid 

mineralization. Plate I shows that the highest Cu/Zn 

ratios are most extensive near the Martha Jasperoid. Other 

smaller areas which may indicate buried mineralization of 

jasperoid can be seen in Plate I. Since the Cu/Zn ratio is 

low in the southeast corner of grid I, and if the pre

ceding assumption is correct, then the possibility of find

ing buried jasperoids in this area is small. If mineral

ization has occurred in this southerasterly area, then it is 

a type of mineralization different from jasperoids. 

All rock samples that were assayed for gold and silver 

showed at least trace amounts of these metals but other than 

the jasperoids only two or three samples showed enough gold 

and silver to be ore grade. The samples with the highest 

values were taken from the alteration zones. From the 
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analysis it can be assumed that, except for the jasperoids, 

there is no potential gold or silver ore at the surface. 

Therefore, if large precious-metal mineralization has 

occurred~ then it would have to be sub-surface. 

CONCLUDING STATEMENTS 

The first major conclusion is that mercury, arsenic 

and antimony soil anomalies can be used as guides to 

mineralization in the Drum Mountains. Metal values shown 

in Figures 4 and 5 are highest directly over the gold-

bearing jasperoid and associated faults. This direct corre-

lation of jasperoid mineralization with overlying anomalies 

in the soils suggest that similar or higher anomalous 

values elsewhere in the area may indicate buried jasperoids 

or other mineralization. The direct correlation also shows 

the validity in the chemical analysis and choice of statis-

tical parameters. 

The Martha Fault, which is really two faults· (Figure 2 

and Plate II), could only be traced in the field for 75-100 

meters east of the jasperoid outcrops. Metal concentrations 

shown in ·Plates II and IIIA (especially mercury) indicate 

that these faults may continue to the southeast and connect 

with faults crossing grids II and III. If this assumption 

is correct, then the faults crossing grids II and III are in 

reality the Martha Fault(s). Since the Martha Fault is 

favorable for jasperoid mineralization, then there may be 

buried mineralization anywhere along this new extension of 



the fault. 

The best potential zones for large-scale mineralization 

would be selected areas along the contact of the limestone 

with the basal quartzite. Evidences to support this 

assumption are: (l) the largest zone of anomalous values 

lies in soils overlying the lower limestones (southeast 

corner of grid I, Plate III), (2) the area which shows 

anomalous metal concentrations for all elements (except 

possibly strontium) is this area in the southeast corner of 

grid I, (3) drilling by Crittenden et al. (1963) showed that 

near the carbonate-quartzite contact massive pyrite and 

alteration occurs which is indicative of sulfide mineral

ization (Lovering, 1949); and (4) the similarity in 

alteration patterns with the Tintic area indicates mineral

ization is near this contact. A negative statement to the 

fact that mineralization has occurred along the contact is 

that there are no ore deposits at the surface along the 

limestone-quartzite contact. Pressure, temperature, Eh and 

pH may be the controlling factors of the ore solutions and 

for areas of ore deposition. 

One of the main purposes for the location of grid I was 

to determine the structural reasons for the central' flat

land and whether it has been mineralized. Intense altera

tion and fracturing can cause rocks to become susceptible 

to weathering--forming low topography. Intense weathering 

of fractured rocks has an excellent potential for the 



deposition of ore minerals. Trace-metal distributions did 

not show this central flatland to be highly anomalous as 

first thought. However, there is a potential of mineral

ization below. Visual examination showed that in many 

places alteration has taken place near the surface of the 

alluvium. Mercury distribution shown in Plates I and III 

indicate that there are large zones in this central valley 

of mercury anomalies. Arsenic and copper also have areas 

of anomalous values. Zinc, molybdenum and antimony have 

large areas of greater than background values (Plate I). 

Except for mercury, and possibly arsenic, the alluvium may 

decrease the mobility and prevent metal ions from reaching 

the surface. If mineralization has occurred beneath this 

central valley, then metal concentrations should increase 

downward through the alluvium. Future geochemical projects 

should take this into consideration. 

There are no large areas of copper-zinc-molybdenum 

anomalies which eliminates the possibility of having a 

large copper porphyry beneath the area of study. Small 

areas give anomalous values (e.g. the southeast corner of 

grid I, Plate III) which may indicate mineralization. 

Even though copper, zinc and molybdenum have very few 

anomalous values, these elements may be important in 

determining the depth of mineralization. These elements 

have lower mobilities than mercury, arsenic or antimony 

and, therefore, will be concentrated much closer to 
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mineralization. Mineralization near the quartzite-carbon

ate boundary would produce copper, molybdenum and zinc 

anomalies near this contact. The largest area giving 

anomalous values for these three elements is in the south

east corner of grid I which lies over the lower carbonates. 

Other anomalous areas shown on Plate III may indicate 

mineralization that is relatively shallow. 

Soil geochemistry and structural evidence show that 

mineralization and alteration occurred after the emplacement 

of the quartz diorite. This is evidenced by the alteration 

zones along fractures and faults which cut the quartz 

diorite. Some parts of the quartz diorite are anomalous 

but these are mostly confined to the fractures and faults. 

The low background values of mercury, arsenic and antimony 

taken from soils over the quartz diorite suggest that the 

intrusive was not the source of metals for mineralization. 

Parent rock type plays an important role in the 

dispersion of elements. For example, with the exception 

of mercury, alluvium tends to inhibit the mobility of 

elements, especially antimony. The quartz diorite, skarn 

and quartzite have the lowest background values for most 

elements. These three rock types were apparently less 

permeable, except along fracture zones, to hydrothermal 

solutions. Limestone and dolomite have the highest back

ground values for mercury, arsenic and antimony (Table 5) 

which probably indicates that they are more susceptible to 
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hydrothermal solutions (higher permeabJ.lity due to 

alteration, grain shattering, minute fracturing, etc.). 

A comparison of Figures 4 and 5 and the two diagrams 

of Plate III shows that rock type plays only a minor role 

in determining anomalous zones. Figure 4 and Plate IIIA 

are maps of metal concentrations taken from one background 

value for each element (no regard to rock type). Figure 5 

and Plate IIIB show metal concentrations taken from Table 5 

(threshold values determined for each rock type). Zones of 

anomalous values are similar for both types of figures. 

The primary and secondary targets shown on Plate III are 

approximately the same. It can be concluded that rock type 

has little importance in determining anomalous zones, and 

for future geochemical projects either way of plotting data 

is adequate. 

The dispersion patterns and usefulness of the elements 

as pathfinders for ore in the Drum Mountains can be 

summarized below: 

(1) mercury has the largest dispersion and, therefore, 

increases the size of the target area; 

(2) antimony may be the best element for pinpointing 

areas of mineralization because it has smaller 

dispersion patterns than mercury or arsenic; 

(3) arsenic, as with antimony, delineates faults and 

alteration zones with the most potential for 

further exploration; 
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(4) arsenic is the best element for determining 

mineralization in areas other than faults: 

especially near the quartz diorite; 

(5) mercury is an excellent element for delineating 

possible deep mineralization lying beneath 

alluvium; arsenic is secondary; 

(6) mercury is excellent for determining faults and 

alteration zones; 

(7) copper, zinc and molybdenum can be used to show 

the depth of mineralization; 

(8) molybdenum and zinc tend to accentuate the 

igneous intrusion and can be used to outline 

buried portions of the intrusive; 

(9) strontium may be used to determine hydrothermally 

altered zones; 

(10) Cu/Zn ratios can determine favorable areas for 

jasperoid mineralization. 

Since the relationship between buried ore and anomalous 

values is only suggestive, core-drilling to prove the 

validity of these statements is recommended. 



FAVORABLE AREAS FOR FURTHER EXPLORATION 

Plate III shows primary and secondary target areas for 

the area studied. A target area is a zone of potential ore. 

A primary target area was determined as an area of rela

tively large size showing anomalous values for two or more 

elements. A secondary target area is either an area of 

multiple element anomalies in a relatively small area or a 

large area having anomalous values for only one element. 

Many secondary target areas, especially areas in the 

alluvium, may be excellent targets. Alluvium tends to 

prohibit the mobility of elements such as antimony. There

fore, the large mercury anomalies overlying the alluvium 

in the central portion of grid I may be excellent areas for 

possible mineralization. Core drilling in any of these 

target areas should tell if extensive mineralization has 

occurred. 

The potential for mineralization along the Martha 

Fault, especially where it intersects the lower carbonates, 

has been suggested by other workers (Crittenden et al., 

1961; McCarthy el al., 1969; Bailey, 1975). Extension of 

this fault shown by trace-metal distributions in this study 

delineates and increases the size of the target area. 

The Horseshoe Fault (Figure 2) appears to be an 

excellent area for buried jasperoids and complex sulfide 

mineralization. Evidence to support this assumption are: 
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(1) the fault has produced the greatest amount of movement 

in the rocks of any fault in the area studied and, there

fore, may have been a major conduit for ore~bearing 

solutions, (2) even though there is only one major jasperoid 

which outcrops along this fault, alteration is apparent in 

many places, (3) since only the Martha and Horseshoe Faults 

contain quartz monzonite dikes, there may be a similarity 

in the mineralization histories of the two faults, and 

(4) four random soil samples taken over the fault show 

extremely high mercury contents. If the Horseshoe Fault 

continues through the alluvium and connects with the 

fault(s) in the northeast quadrant of Figure 2, then these 

northeasterly faults are a continuation of the Horseshoe 

Fault. It is near these faults in the northeast section 

that the numerous anomalies occur (southeast corner of grid 

I, Plate III). If these faults are the same, then there is 

an excellent possibility of mineralization all along the 

Horseshoe Fault. The most recent tailings of a deep 

prospe~t shaft at the jasperoid on the fault (Figure 2) 

contain massive pyrite, which indicates a possible pyritic 

halo surrounding mineralization. The extremely high 

mercury values and low arsenic values from soil samples 

taken along the fault near the jasperoid suggest a deep 

source probably near the basal quartzite. 

Since gold has a coherence for carbon (Radtke, 1974), 

then a close examination of the anomalous zones for any 
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organic carbon concentrations may prove profitable in the 

Drum Mountains. 

High gold-bearing jasperoids are mainly confined to a 

few limestone units which lie in a zone approximately 200-

800 meters above the basal quartzite (McCarthy et al., 

1969). This concentrated zone of jasperoids may be due to 

either the favorability of these limestones to the 

deposition of jasperoids or to the amount of carbonates 

(180 meters) for fluids to become neutralized and deposit 

the silica. Whatever the reason, the zone is defined. 

Further exploration for buried high grade, gold-bearing 

jasperoids should be confined to the west of the zone of 

surface jasperoids (see Figure 6). Sampling soils ·over 

selected faults in this western portion and analyzing the 

samples for mercury, arsenic and antimony may show 

anomalous values which may help to delineate possible 

buried jasperoids. 
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