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Adstract. The Ouiman District produced ap-
prtnimlely 2.2 3 U cunces of gold and 0.8 x
10" vunces of silyer betveen 1897 and 1942, A
total of 3.8 x 10 tons of ure averaging 0.56 0/T
xold and 0.17 0/1 silver vas extracted from eight
major orebodies and a number of lesser deposits,

Oatran lics at the center of o trazhyte-latite-

rhyolite volcanic conplex uhich contains at least
one resurgent caldera. The oredodies are typical
epithermal quartz-calcite * «dularis lode depusits
which are very deficient in sulfur. Ore beposi--
tion has occurred vithin dilatant zones on faults
vhich radiate from a2 coumon point vitkin the
conplex.

Fischer-Watt Mining approached the Oatsan Dis-
trict vith an integrated exploration prozras ut-
ilizing four basic procedures to define the char-
acteristics of past productive areas, the results
of vhich vere applied to unexplored porzions of
the vein system. These procedures listed in
their order of usefulness in defining x=own and
prospective mineralized zones are: vein con-
touring, detailed alteration capping, fluid
inclusion tenperature deterninations, and zeo-
chenical sacpling.

All known deposits were found to be located at
particular points of curvature on the veins and
all, irrespective of the level expesed in the

- hyérothermal system, exhibited 2 distinztive and

predictadle alteration signature. Fluid inclu-
sion studies indicated boiling or nardziling con-
ditions during deposition, teaperature of depo-
sition st the sacple point, level of exposure
relative to the boiling interface and, by eszab-
lishing a pqloegeothermal gradient to the ore
horizon, a depth contro! for drilling. Ceoche=-
ical saopling has produced inconsistent and, st
tices, misleading indications of cineralization

at depth. The method has to date been of licited
use in the determination of location ¢f knowa ore-
shoots or new targets. Approximately one mar year
vas eapended in estadlishing these relationships
before drilling wvas recomended.

Introduction
rroeyction

Precious petal vein deposits occursing in Ter-
tiary volcanic terrains - the so-called epitherc-
al vein deposits - have received little atreztion
by Acerican exploration groups in the last 29-50
years. Kumerous factors have contriduzed to this,
including the low price of silver an? fixed price
of gold, escalating lalor and materials costs, and
an interest in longer term, larger tonrage opera-
tions such as parphyry copper and oolysznun de-
posits. 1In addition, with few exceprisas, mo sig-
nificant precious mital vein deposit has been dis-
covered in the United States since the 1920's and
oany deposits vhich have been mined for years,
such a5 the Ydarado and Canmp Bird mines in Colo-
rado, have recently become uneconomic. The rela-
tive difficuley in evaluating vein systeas for
ore reserves, their limited size, erratic grades,
and the requircment of underground einirgz nethods
have also discouraged exploration.

Vith the recent rise in precious metal prices,
increased capital costs of bulk tonnage opera-
tions, and the high cost of borrowved coney, low
capital cost, rapid return high grade vein mining
opcrations are once again becoming attraztive.
Cash flov analyses indicate interrediate size de-
pusits (0.5 to 1.0 nillion tons) of intercediate

grade (0.25 O/T Au equivalent, st today's price
of $500 per ounce) con support 300 to 500 TPD op~
erations which shov a rapid payback and & high
rate of return on investment.

An example is the Bulldug Mountain mime in
Creede, Colorado. Brought into production at
300 TPD in 1969 by Humestake Fining Compamy, the
Bulldog Mountain vein deposit averages abaut 17
O/T Ag and 22 Pb. Past production plus estimated
Teserves total 1.5 million tons (1). Another ex-
anple,is the Northsir mine, a 300 TPD Auv, Ag, Tb,
Zn vein mining operation located 50 miles morth
of Vancouver, Eritish Colucbia. Brought into
production in May 1976, st a cost of $5.5 mill-
ion, the operation vas "in the black” in Janu-
ary 1979 (2). Net profits for 1979-80 should be
about $6 million (3). A production decision vas
nade based on 330,000 tons of ore averagimg 0.37
O/T Au, 4.5 O/T Ag, 2.7 Pb, and 42 2Zn. Although
a “riesothermal™ base netal ¢epasit, the Korthair
zine serves to illustrate the economics of s
seall to interncdiate size vein deposit. These -
tvo examples indicate that a culti-nillion ton
deposit of high grade gold-silver ore — the "bo-
nanza™ type made famous by Co=stock, Tondpah, and
Coldfield — is not 2 necessary prerequisite to a
successful vein-type oparation at today’s econoom-
1€,

Despite the rise in precious metal prices and
the opening of several mev mines, little serious
exploration effort is being directed to veins in
the western United States. Vein deposits must
still compete vith large, low grade gold €eposits
such as Carlin and Jerritt Cazyon, Nevada, or
wore oodest investments such as reprocessing mill
tails, low grade heap leach, or reopening o©ld
cines. The several nev vein éeposit discoveries
have not caught the imagination of the explora=-
tion groups, probably because of the shadous
cast by the bulk tonrage lov grade deposits; but
perhaps, also, because the discoveries were not
the clinax of a well conceived exploratiom pro-
grao. The Bulldog Mountain deposit vas discover~
ed by Manning W. Cox vtilizing the data and
rezomnendations of Stephen and Ratte (4) gener-
ated during mapping of the Creede caldera. De-
spite the fact the Bulldog Mountain structure
lies between the highly productive Aoethyst and
Alpha-Corsair veins, Cox had great cifficulty in
interesting a mining cocpany in exploring for

‘hidden reserves, rainly because the vein con-

tained no significant values on the surface. Cox
vas finally coopelled to spproach the Office of
Mineral Exploration (OME) of the U.S. Government
for initial exploration funding. The discovery
of the only other epithercal vein deposit to be
put into production in rccent years, the Goose-
berry mine near Virginia City, Kevada, was equal-
ly uninspiring. This deposit, nov estirated to
contain in excess of 1 million tons of 0.2 O/T Au
and 8 O/T Ag, vas found by blind luck by a Cali-
fornia rancher sinking a shaft on an altered vein
structure carrying minor silver values at the
surface. The mine is operated by West Coast Cas
and 0il and will be put into production atr 450
TPD.

The characteristic unsineralized surface ex-
pression of epithermal vein deposits in these two
cases vas, respectively, the downfall of the
"sophisticated" mining co=pany and the triumph
of the "unsophisticated™ rancher vho had faith in
a poorly mineralized, sltered outcrop. To quote




Coa's (5) conments on the vein exploration ef-

forts of must mejor mining coopanies:
“Beyond the fact that Bulldog is a
mine, there is the fact in my judge-
went much wore iwportant, nazely
thst solidly conceived geological
hypotheses such as wvent into the
Bulldog project do not get tested
by mining cuapanies because abso-
lutely no minerslization can be
found in which to start... 1f it
wvere not for the OME Bulldog would
not kave been undertahen.”

Ve feel the return of vein deposits as attrac-
tive exploration targets avaits the publication
of exploration-useful vein deposit descriptions
and an exanple vhere a major nev discovery vas
the result of an exploration effort concentrat-
ing on the characteristics vhich strictly typify
epithermal vein deposits.

Several vein exploration programs now in prog-
ress, wvhich attempt to rake use of vein charact-
eristics, have not been overly successful. Ve
feel these efforts, although relatively enlight-
ened, fail to concentrate on the oost izportant
characieristics of vein deposits, do not utilize
the cost efficient tools, and employ a concep-
tional-rodel vhich may have shortcomings. Sev-
eral of these progrucs have also been burdened
by tonnage requircocnis which cannot be expected
in the typical epithercal vein deposit.

The Oatman District vas approached with the
following ‘philosophy:

A) Intermediate size and grade precious me:-
al vein deposits are economically attractive.

B) The vestern United States is essentially
virgin hunting ground for poorly exposed vein
deposits, some of vhich will be the size and -
grede of Constock, Tonopah, or Coldfield.

C) Vein ¢eposits are amenable to low cost,
labor intensive, scientific exploration.

D) The necessary exploration tools are
available or can be dcfined and can dbe incorpo-
rated into an exploration procedure.

Cur work at Oatman vas directed tovard two
goals. The first, of course, to find ore. The
second, and rated just as icportant, was the de-
velopoent of techniques and procedure vhich
could be applied to other epithermal vein sys-
tezs. The folloving discussion will, therefore,
€onzentrate nore on cxploration methods as ap-
plied to veins, rather than on regional geology
or vein mineralogy of the Ostran deposits. We
feel existing repurts for most mining districts
fail to be useful as exploration guides because
they concéentraie more on regionp) geologic en-
vironoent and on vein mineralogy rather than on
ore controls. The methods to be discussed are
particularly useful in past productive districts
but csn be useful during grass roots exploration
as well.

Location

Oatcan is approximately 100 miles southeast
of Las Vegas, ‘Kevada, and niduay betveen Needles
Cslifornia and Kingnman, Mohave County, Arizona
on old Highway 66 (Figure 1). The Colorado
Piver lies 15 niles to the west of town. The
¢istrict is about 10 miles long and 7 miles vide
and is sitvated within Tertiary volcanics of the
Blackh Mountains,

Histury and Production

The history ané production of the Oatmam Dis-
trict are summarized fron reports by Schrader (6),
Ransome (7), Lausen (8), and Wilson et ol. (9).

Cold vas first discovered in 1863 by soldiers
from Camp Mohave on the Colorsdo River in the
Moss vein, approximstely 5 wiles northuest of the
present site of Ostoan (Figure 2). Additional

- prominent veins outcropping to the southwest of

present-day Ostman vere located shortly there-
after. Prospecting vas curtailed for many years
following Indian uprisings in 1866, but was re-
sured in the 1880°s. 1n 1900 gold was discovered
in the Cold Road vein, one mile north of Oatcan,
and in 1901 on the Tum Reed vein where the town
of Ostman was later built (Figure 3). Rich ore
vas discovered in 1906 in vhat later became the
Tip Top and Ben liarrison orebodies of the Tenm
Reed vein. 1In 1916 the Big Jim and Aztec ore-
bodies were discovered on the southeast end of
the Tom Reed vein. 1Iin the sace year the fasous
United Eastern orebody vas discovered under the
vest ¢nd of town on a hanging vall split of the
Toa Reed structure. The resultant boom, the last
of its kind in the Aperican West, brought 10,000
people to Gatman in the next fev years.

In 1924 the United Eastern orebody became ex-
hausted after yielding 550,000 tons of 1.3 O/T
Au. Production froo the Tos Reed orebodies wvas
by lessees between 1922 and 1924, as ves all pro-
duction in the district in the late 1920's 2nd
1930°s. The Gold Roaé mine procuced from 1500 to
1916, again in 1922, and again from 1934 ro 1942.

In this report the central district refers to
the productive portion of the Oatman District
centered sround the Tom Reed-United Easterm and
Cold Road veins.

Production esticates compiled to 1937 by Wil-
son et al. (9) and supplezmented by annual report
production figures from 1931 to 1942 shov the
Oatnan District produced approxinately 2.2 will-

_ion ounces of gold and 0.8 million ounces of

silver betveen 1897 and 1942 (Table 1). This
equates to over $1 billion gross value at a pre-
sent day price of gold of $500 per ounce. A
total of 3.B million tons of ore vas extracted
sveraging 0.58 O/T Au and 0.17 O/T Ag.

Rexional Geolopy and Structure

Geologic maps covering the Oatman District
have been compiled by Ransome (7), Lausen (8) and
Thorson (10). Seversl modifications pertaiming
to the geology of the district have been made by
the staf{ of Fischer-Watt Mining and have been
incorporated in the composite map presented in
Figure 2.

The Oatcian District lies on the western flank
of the Black Mountains, a fault-bounded Tertiary
volcanic pile corposed of trachyte, latite, rhyo
lite and basalt situated st the southern end of
the Basin and Range province (Figure 4). The
Black Mountains are deeply incised on its west-
ern flank but are little eroded on its eastern.
Exposures of Precambrian basement are found on
the vestern margin and north end of the district.
Except for the capping basalts the volcanic cen-
ter appears to have been in the Oatcan area.
This is supported by a concentration of rhyolite
and latite dikes and plugs and tvo high level
(epizonal) plutons vithin s twvo mile radius of

1




Ostraan and 8 Faick volcanic sequence vhich thins
rapidly sway {rum the Oatmen area. The volcanic
pile has a 10 costerly dip, attributed by oth-
ers to regional tilting. Movever, measurements
tAen near Oatman suggest the easterly dip may
be relsted to » central volcanic edifice at OQat~
oan or related to late stage magmatic doming.
The local volcanic stratigraphy, summarized {rom
Thorson (10), is prusented in Figure 5.

The Tertiary volconics rest on a Precambrian
basement composed of biotite schist, granitic
gneiss and garnet gneiss, and intrusive biotite
granite (the Katherine Cranite). The Precambrian
is overlain by the Locene Alcyone Formation, &
sequence of trachyte velded tuffs, quartz latite
flovs, sedinentary tuff breccias, landslide
breccias, and minor carbonaceous shales and lime-
stones. The entire sequence was intruded by the
Tincs Torphyry, a granophyre laccolith dated st
22.6 + 1.6 a.y. Thorson (10) interprets the
Times Porphyry as the final phase of a resurgent
caldera sequence based on type and distridbution
of the volcunics and petrologic considerations
Which indicate the Times Purphyry is conagratic
vith the Alcyone Furmation. The Alcyone Forma-
tion is termed the lower volcanics after Thorson
10).

The Alcyone Formation is unconforzably over-
lain by the Esperanza Forzation, a trachyte flow
uhich nay have as its origin 2 separate voleanic
source to the south of Oatman.

The Esperanza Formation is conformably over-
lain by the Miozene Oatman and Cold Road Forma-
tions. The Oatnan Formation, termed the “chlor-
jtic andesite” by Schrader (6) and the Oatman
Andesite by Ransome (7) is a sequence of mass—
jve to vesicular non-biotitic pyroxene latite
flows, latite tuffs, and flov breccias. The
Oatnan Formation is approximately 1000 feet
thick at Oatran but thins rapidly from the cen- .
tral district.

The Oatcan Formation is conformably capped by
the Cold Rvad Formation, & sequence of biotitic
pyrosene latite flous and latite lithic ash
flovs. Maximum thickness is sboutr 800 feet. A
K/Ar determination on the highest unit in the
sequence gave 2 date of 18.2 ¢+ 0.9 m.y. A tran-
sition zone scparating the Oatman and Cold Roal
Formations is cooposed of coarse-grained lithic,
crystal, biotite latite ash ncar the central
district, but grudes into & biotite-poor fluvial.
srenite to the wvest. Earlier vorkers have in-
cluded the unit vith the Oatman Latite Yithology
but because of the presence of biotite we inter-
pret it as part of the Cold Road Formation. The
Esperanza, Oatman, and Cold Road Forcmations are
collectively termed the middle volcanics (10).

*Based on the similarity of distribution of
the Oatman and Cold Road Formations and on their
transitional petrologic character, Thorson (10)
felt these rocks were comapmatic and originated
at o shield volcano centercd mear the town of
Oatman. 1n support of this idea, Thorson (10)
cites as evidence several large latite dikes and
plugs in the area. MNowever, no breccia pipes or
vertically laminated rocks suggestive of a vent
have béen found.

The middle volcsnics are unconforaably over—
1oin by the upper volcanics, a series of trac-
hyte, guartz latite, and rhyolitic tuffs and
Javas. The lovest unit, the Antelope Quartz la-
tite, has been K/Ar doted at 18.7 ¢ 0.9 m.y.,

indicating the volcsnic histus betueen the middle
snd upper volcenics was short lived. The upper
volcanics sre in turn unconformably overlain by
olivine basalts vhich in Pliocene time covered
much of the region.

The widdle volcanics were intruded by a 2 x 4
mile quartz monzonite pluton, the Moss Pourphyry.
Considerable debate has revolved around the age
of the Moss Porphyry relative to that of the
Tices Porphyry, middle, and uvpper volcanics.
Ransome (7) felt the Moss Porphyry predated the
Times Porphyry but detsiled field wvork by Thor-

. son (10) refutes this. Thorson (10) found the

Moss to intrude the lower and middle volcanics
but because of erosion could not directly estab-
lish crosscutting relationships betveen the Moss
and upper volcanics. MNowever, based on two other
lines of evidence he concluded the Moss postdated
the upper volcenics. This evidence included a
K/Ar date of 10.4 ¢ 0.5 w.y. for the Moss Por-
phyry, and an intense argillic elteration, inter-
preted by Thorsom to be a late phase of the Moss
Porphyry intrusive event, vhich affects the lower
through the middle volcanics, plus & lover unit
of the upper volcanics. .

Thorson’s (10) conclusion that the Moss intru-
ded the upper volcanics is p-odadbly correct, but
the date and alteration event are, in our epinion,
cisinterpreted. Thorson (10), based on chenical
and petrological data, did estadlish that the
Moss Porphyry, middle, and upper volcanics were
coragmatic, and reasonably interpreted the Moss
Porphyry as & late stage epizonal pluton which
intruded its own volcanic cover.. Unlike the Al-
cyone Formation, however, the niddle and wupper
volcanics contain no collapse breccias or ash
flow sheets indicative of a collapse or resurgent
caldera. # .

Structural relationships shed some light on
the temporal and genetic relationships betwveen
the Moss Porphyry and the post-lover volcanic
events. Figure 2 shows the pain structural fea-
tures in.the Ostman District.’ included are the
positions of the Times and Moss Porphyrys, the
larger rhyolite dikes, and the limits of the ar-
gillic alteration.

The structural pattern is dominated by & set
of concentric fractures vhich define 8 near per-
fect S mile diameter circular feature. This
feature was identified during study of Landsat
jnmagery and high sltitude aerisl photography.
Cutting the concentric fracture sct is & scparate
set of fractures vhich radiate from & cormon ,
point mear the center. The ore deposits of the
central district are located within a wedge of
radial fractures vhich cut the conzentric set 3
piles southeast of the center point. The follow-
ing cross cutting relationships shovld be noted:

1) Twe concentric fractures cul the Moss
Porphyry snd the upper volcanics.

2) The concentric set predates the rhyolite
dikes.

3) The radial set postdates the rhyolite
dikes snd the concentric set.

4) The radial set hosts the wmineralization
in the central district.

$) The radials are found to predate the ar-
gillic slterstion.

Becasuse the concentric and radial fracture
sets appcar to be related by syrmetry and age,
postdate the Moss Porphyry, but predate the min-
cralization in the central district, the develop-



scnt of the fractures is interpreted by the auth-
ors as rcpresenting 8 scparate stage in the evo-
Jution of the district. This stage is rated

just as jmportont and as distinct as the preced-
ing Alcyone resurgent caldera stage and the mid-
dle snd upper volcanic-Hoss Porphyry stage.

Mist is the nature of this third stage? The

volcanic units cut by the concentric {racture ’

,set are not offset, nor have any najor brezcia

zones been discovered slong them. The concen”
tric set therefore does not appear ‘to represent
a major fault system. Rather, the concentric
fractures resechle & joint set, perhaps develop~
ed during ascent or descent of an underlying
vagea. The dinensions of the magma cay corre”
spond to the dimension of the circular feature
and the radial fractures =ay have been caused by

distension during megma sscent. The fracture or -

joint pattern found in Oatman is strikingly sio—
ilar to theoretical fracture geometries vhich
vould be developed above dispiric intrusions
penetrating an elastic erust (11, 12, 13).

This hypothetical magna may, OT nay not, be
the source for the lower through upper voleanics
snd the Moss Porphyry. The developzent of the
circclar and radial fracture set over this pos-
sible source is interpreted as heralding » third
stage of wagratic sctivity wvhich is responsible
for the rhyolite dikes and the quartz-calcite-
golé pineralization.

Recent mapping has shown the argillic altera-
tion is centered around a previously unrecog-
nized rhyolitic center Jocated on the east rar~
gin of the Moss Porphyry. Rnyolite ¢ikes from
this center cut the Moss Porphyry. The sltera-
tion is therefore interpreted as postdating the

‘Moss Porphyry and is a product of the third

stage. The argillic overprint vhich afiected
the Moss Porphyry - interpreted by Tnorson (10)
to be s late phase of the intrusive event -
prodably affected the biotite vhich horson (10)
selected for dacting. The 10.4 # 0.5 m.y. date
obtsined for the Moss Porphyry eppears to be too
young, particularly for a pluton vhich intruded
its o-m co-magmatic volcanic cover dated at 18.7
+0.9m.y. A suggestion which is pore attrac-
tive, although little work has been éone tO sub=
stantiate it, is that the Moss Porphyry repre-
sents the cagma chamber wvhich produced the nid-
dle and upper volcanics. As pentioned previous—
1y, isopachs of the Oatman and Colé Road Forra—
tions indicate a source in the Oatcan area. In
spite of this and the efforts of several able
mappers, no volcanic vents have been found rear
Ostoan. Recent rapping near the Hoss Porphyry
shows an apparent transitional character across
the Moss Porphyry-middle volcanic interface
vhich, although highly altered by hydrotherzal
activity, is not inconsistent with a gradation
from plutonic to volcanic source.

Local Ceology and Structure

_Production in the central district caze from
tvo major veins, the Too Reed and the Cold Road.
Each vein occupies a north-dipping radisl frac-
ture (Figure 3). At least one sinilar vein ex-
ists, the Kokooo; however, this structure has

been only partly explored and has had no signif--

jcant production. These radial fractures form a
vedge appruxicately 1.5 miles vide at the inter-
eection with the concentric fracture set. The

Jocus of minerslization sppears to be associsted
vith this intersection as is the majority of
enorlier emplaced rhyolite dikes and plugs.

The most productive vein of the district is.
the Tom Reed. The vein splits benesth the tovn
of Datman into the United Eastern and Olls Gat-
man sepments. Each segoent dips north for ap~
proximately 3000 {eet, then undergoes 8 dip we-
versal to the south. The O1la Datran segeent
splits end horsetails northuest of the point of
dip reverssl, but the United Esstern segent
continues Lo the center of the circular feazure.
The point of dip reversal coincides vith &
change of strike orientation on each seg>ent.

The Tom Reed-United Eastern atructure is a ©Or=
mal fault vhich dropped the Cold Road lLatite
against the Oatman latite. The Olla Oatpan may
have dip slip movement but because it is entirely
hosted by the Oatzaa Latite no @isplace=ent has
been determined. Although there vas appreciable
dip slip movezent on the Toc Reed-United Eastern
structure, 3000 feet northvest of the United
fastern mine & pte-:i.'\enliza:ion thyolite dike
is not appreciadly ofiset by the structure.
Structural relatioaskips indicate the diae pre~
éates the radial fracture; therefore, it would
appear the nsjority of movedeat on the struclure
was taken up southeast of the point of dip e~
versal. 'This is 2 possible explanation vhy no
large (>50,000 ton) orebodies have been found on
south dipping sections of this vein (see belov).

The Kokooo vein dips north on its southeast
end, then reverses dip on a line hich is coinci-
dent with the reversal points on the United East-
ern and Olla Oatcan veins. Similar to these tvo
veins, the bearing of the Kokomo changes at the
point of dip reversal to a wore northerly direc-
tion. The axis of dip reversal is subparallel
to the concentric fractures. This axis appears
to correspond to the interface of tvo structural
donuins. No dip reversal is found on the Cold
Rosd vein. There is no evidence to indicate
the dip reversal on the 0lla Oatcan, United East-
ern, and Kokooo strultures vas caused by post-
structure tectonic movement.

The Tom Reed, Kokomo, and Gold Road structures
are the most persistent in strike lemgth. None
appesr to continue pore than 8 oile beyond the - °
perineter of the circular feature. The Tom Reed
vein is cut by the Mallery fsult, a south dipping
structure which branches and pazallels a large
rhyolite dike betveen the Too Reed an2 Kokomo
structures. The fault splits and parallels the
Tom Reed vein along its southeast extension. The
Oatman fault, a northerly éipping structure, cuts
the Mallery near the Big Jim mine.

Several additional morth dipping structures
are found one mile southuest of the To= Reed vein
(Figure 2), but mone of these have had signifi-
cant production. They are shortes en strike
length and appear to be part of a discantinuous
fracture zone which parallels the Toz Reed. Most
of the structures in this zone dip to the south=
west and are hosted by the Oatran Latite.

One vein in this area is positioned at the
fault contact of the Osrcan istite and Alcyone
Trachyte. The vein persists for several thousand
feet on strike and probably oves its planer char-
scter to the sharp contrast in vock properties
scross the fault. y

As vill be discusseé belov, orebolies in the
Oatcan Latite tend to be stockwork type vith



brecciation and vein filling restricted to fin-
ite strike lengths, generally 1/2 to 1 times the
dip length, The Cold Road vein, unlike the Tom
Reed, is a fissure type and is developed almost
entirely in the Cold Rosd Latite. This volcanic
unit exhibits fissile fracturing, producing very
long, narrow, and continuous openings for miner-
slization. Belov the Cold Roud Latite the tran-
sition zone is encvuntercd. This unit is of
Cold Rosd Latite petrology but behaves like the
Oatman Latite during deformation. Orebodies in
this horizon along the Cold Road vein are podu-
lar and of the stockvork type found in the Tom
Reed vein.

The Kokomo vein is in Cold Road latite at the
surface but is expected to pass into the transi-
tion zone or Datman Latite at about S00 feet
depth. The mode of nineralization is expected
to change from fissure type to stockvork type
across the interface. The effect of different
rock types on the mode of fracturing and davel-
opuent of deposits in the Oatzan District is
seen in Figure 6,

From Figure 3, crosscutting relationships in-

. dicate the rhyolite dikes vere emplaced prior to

the formation of the radial fractures. Most of
the dikes dip B0 to rhe south and southuest
wvhile the past-productive sections of the veins.
dip 80 north. The dikes have a general east-
west trend vest of the central district, but
tend to parallel the vein structures vithin the
district. An exaaple is the above-mentioned
dike vhich is crosscut by the United Eastern
segment of the Tom Reed vein. Within the work-
ings of the United Anerican mine on the south-
east end of the Tom Reed vein, Kershey (14)
notes a rhyolite dike vhich is sltered and
closely associated vith the orebody. Separate
rhyolite dikes parallel the Kokomo and Gold Road
veins. These relations indicate the vein struc-
tures had at least their beginnings in the same
structural framevork which determined the em-
placement of the rhyolite dikes. Because these
trends parallel one another for at least a mile,
the structures vhich host the rhyolite dikes and
the veins are probably genetically related.

As noted previously, the intersection of the
radial and concentric fractures at Oatman is al-
so the locus of the najority of rhyolite dikes
and plugs, as well as mineralization. This
area vas obviously a preferred avenve for the
release of siliceous magma and volatiles such as
€O,. HNear the Kokomo vein the rhyolite dike
blossoms into a rhyolite plug. A similar plug,
the Boundary Cone, is situated 2 miles south of
Oatman (Figure 2). °

Ore Deposits

The orebodies of the central district, hosted

‘by the Tom Reed and Cold Road structures, sc-

count for approximately 902 of the production of
the Ostcan District. A breakdown of grade and
tonnage for the major orebodies is presented in
Table 2.

The orebodies occupy dilatant zones within
the Tom Reed and Cold Road fault structures.
They have, in typical epitheral vein fashion,
bottous and tops which are sharp and follow sub-
posrallel horizontal datums. 1In the case of the
Toz Reed structure and the northvest end of the
Col)d Road structure, the oredodies have re-

stricted strike length and are periodically lo-
cated along strike. 1In the Cold Road Latite por-
tion of the Cold Road vein, the oredbudy occupies
a continuously open fissure. Longitudinal asec-
tions of the Tom Reed and Cold Rosd systems are
presented in Figures 7 and 8,

. 1ndividual orecbodies vithin the Tom Reed-Unit-
ed Eostern vein vary from s msxicum width of 45
feet in the United Eastern orebody to 2 or 3 feet
in the Telluride. Widths of 35 feet are weported
from the Big Jim orebody and 10 to 20 feet from
.the Tip Top and Ben Harrison. The United Ameri-
can and Black Eagle averaged 10 feet and the
United Western 6 feet. Vertical intervals of ore
deposition ranged from 1300 feet in the Tip Top
and Cold Road to 300 feet in the United Western.
In general, the size (in all dicensions) and
grade of the orebodies on the Tow Reed-Umited
Eastern vein decrease avay froo the center of
production at the town of Oatsan.

Only two orebodies outcropped: The Bem Marri-
son and Cold Road. The remainder vere discovered
50 to 500 fecet below the surface.

The Cold Road oredbodies averaged 3 to 6 feet
wide vithin the Cold Road Latite, but videned to
22 feet in the No. 1 orebody vhich is vithin the
underlying transition zone. Three large, gener-—
ally richer orebodies, including the No. 1, were
discovered beneath the Cold Road latite along
this vein. The northwest extension vas apparent=
1y faulted off but never recovered.

Along the Tom Reed vein systeo the orebodies
are separated by fault gouge or narrov strimgers
of calcite or quartz. The structure is found to
pinch tight Jateral to the cain orebodies. The
width of the barren structures varies but prodadb-
ly averages 5 to 10 feet. The structures have
experienced movement before, during, ané after
ore deposition. Movement during or after-has
been slight, resulcting in crushing or rotation
of rock or vein nmaterial. Pre-mineralization dip
slip poverent was in the order of hundreds of
feet. Pre-zineralization strike-slip movement
vas probably not greater than & few hundred feet,
based on structural analysis vhich will be dis-
cussed below,

The form of the orebodies varies from tabular
fissure fillings to complex stockworks of broken,
vertically orientated latite slabs separated by
quartz-calcite veins ranging froz fractions of an
inch to 15 feet wide.

Vein Hineralogy

The folloving is abbreviated from the detailed
accounts of Ransome (7) and Lausen (8).

Five stages of quartz-calcite * adularia depo-
sition are recognized in the district, although
no single deposit contains all five. Each stage
vas accoopanied by calcite, the last twvo by adu-
laria. All five stages are gold bearing, but
only the last three are associated vith corwer-
cial ore. The ratio of gold to silver im the
quartz increassed from 1:6 in the first stage to

- 4:1 in the last stage., The quantity of golé and

silver for each stage of calcite has not been

deternined. Cold was rarely found in the mative
state, except in fault zones vhich vere supergene
enriched. The vast cmajority of gold was found

associated with silver in electrua. The electrum
is microfine and assays about 800 fine. Ko base
metals or sulfide minerals other than pyrite have




Leen found in the central district. A trace of
calachite haw bLeen scen in sume highly oxidized
fault zones. Crecn to yellov fluorite occurs
luzally in the wsces of the Times Porphyry and
Muss Mine (Figure 2).

Pscudonorphic texturcs shov quartz replaced
celcite in all stoges but the last, The final
three stages of quartz have green to yellow col--
oration and a greasy fecl and luster. The
greenish color is caused by wmicroscopic dissem=
insted chlorite.

The green to yellov generations of quartz
have been recognized in veins from seversl wmiles
south of Oatman to the Katherine Districe 20
miles to the morth. The source of the quartz
(and presunably calcite) is obviously larger -
than a local thermal source such a3 a pluton, or
country rock caught up in a single cell of &
geothernal system. A larger therrmal source
which gave riee to at least several local ther-
oal centers is indicated.

Surmar

The data surmarized above are typical of the
descriptions available for most large mining
districts in the vestern United States and Mex-
ico.
chemical saopling it is also typical of the type
of éata collected by most exploration geologists
today. Recent studies by soze university work-
ers have stressed, in addition, flvid inclusions,
isotopic, and geochenical relationships but few
of these, even’in conjunction vith detailed
field work, have produced a synthesis which is
useful to exploration. A motable exception is
Kenilli and Ohmoto (15).

Ixploration Methods

The characteristics of the Datman deposits
sre similar to rany epithermal vein deposits
around the world. Some of the characteristics
have only recently become recognized and taken
advantage of. 1t is these characteristics which
vill enable explorationists to assess epithermal
systems in a vore efficient and intelligent
nanner.

Within a past productive district the useful
exploration todls are those which define the
structural control, the alteration and geocher—
jcs) sigratures, and thermal source associated
vith the ore deposits. Broad scale geology and
tectonic synthesis, vein pineralogy, paragenetic
relationships, and petrologic investigations are
secondary in importance.

At Datman our efforts began with identifying
the structural control, alterstion type, and
horizon of ore deposition of the knovn orebodies.

‘No drilling vwas attcapted on new targers until

these relationships were established to a point
of certainty thst the location of 211 known ore
ahoots could be identified without qualification.
In the process of determining these controls,
nev targets were identified and 2 total geologic-
geochenical synthesis partially completed.

The readily identifiable and useful charact-
eristics of vein deposits can be grouped under
structural controls and chemical effects associ-
sted vith the ore dcposition process. These can
be jdentified snd applied during exploration uti-
lizing the folloving tools:

Other than augoenting fielé wvork with geo- .

A) Structurs) Controls
Vein Contouring:

definition of struc-

tural traps

B) Chemical Effects
Detailed Mapping:
Fluid Inclusions:

wsllrock slteration
tenperature and depth
of deposition
Ceochemical Saopling: leakage and geo-
cheoical imprint
Esch of these will be discussed and the data’
collected pertasining to cach vwill be presented.
Application to exploration vill be discussed by
comparing the “before and after” evaluation of
known deposits and nev targets based on vork com-
pleted to date.

Structural Controls

Planar structures such as faults, fissures, or
lithologic contacts whizh host vein type deposits
usually sppear fairly uniform in szall scale but
can be highly irregulas in large scale., The
s=s1l scale image of the structure is too often
used as the exploration target. This is becsuse
the entire host structure has oftren been assumed,
vithin lioits, to be fair gawe for al2itional de-
posits. The longitudinal section of the Tom Reed
vein (Figure 7), vwhich 4s sicilar to many veins
in epithermal éistricts, shous the shortsighted-
ness of this approach. Considerable noney has
been vasted by cocpanies vho drilled betveen,
above, or below old (or virgin) orebodies because
the structural control of the knoun dsposits vas
not estsblished at an early stage of exploration.

The large scale image of the host structure is
Zetermined through the vein contouring technique,
The three dimensional control of an crebody can
very often bLe determined if the plane defined by
the footwall or hanging vall is contoured against
»a inclined reference plane passed parallel to it
(Figure 9). The technigue has been described by
Connolly (16) and has been used effectively by
the authors in Magollon, Nev wexico; Mother lode,
California; 1daho Sprirgs, Colorado; and Guana-
justo, Mexico. A receal application in England
is cited by Gough (17). The cethod has also been .
suscessfully used on the stratiiorn cassive ore-
bodies at Eroken Hill, asustralia (18).

Figure 10 shovus a typical situvation wvhere 2
sub-planar structure has undergone a scall amount
of strike slip of dip slip ooveaent. The open~
ings produced, the loci for later hydrothermal
ore deposition, are created at pre-existing ir-
regularities in the plane of the structure. The
vidth of the opening(s) produced is generally
many times smaller than the strike length of the
structure. For instance, most epithermal depos—
its, including the "honanza® deposits of several
¢izous districts, rarely exceeded 50 feet in
vidth, vhile the host structure often exceeded a
mile in length. The sagnitude of the dilation,
relative to the strike length, vas often less
than 1 or 2 percent, Because the size of the
dilation may be influenced by intersecting struc-
tures or plastic (versus brittle) deformation of
the host rock, the size of the original irregu-
Jarity on the structure ray be even less. In any
case, on the ground, on maps, OT fro= aerial
photos, the decisive bend, or flexure on the
structure may be invisible due to its soall rela-
tive size and to the effects of topography.

Vein contouring accentuates interral inhomo-



peneties in the vein structure relative to its
own average attitude. This application differs
from the wore coumonly used technique which de-
terpines the thickaess of the mineralization
vithin the vein. 1n practice, the structure or
vein is located on a large scale topographic map
or is surveyed in at 50 to 100 foot intervals.
Strike and dip is recorded at esch survey point.
Close horizuntal and vertical control is neces-
sary at intervals vhich are several times small-
er than the anticipated strike length of an ore~
budy. An average dip and strike of the struc- |
ture is selected and s reference plane of like
attitude passed parallel to the vein, usually
several hundred feet into the footvall (Figure 9)
A plan of the vein is produced by selecting a
random elevation, say 100 feet below the lovest
outcrop of the vein, and plotting the distance
of all control points on the vein from the con-
trol plane. The points on the vein are corrected
to the selected elevation according to the meas-
ured dip at the surface. If subsurfacze data are
availsble, such as drill intercepts or mine raps,
the duwn dip morphology of the vein can be detea-
mined. The wap produced is & longitudinal sec-
tion of the vein showing the deviation of the
structure from a perfecct plane. Superioposing
the outline of the known orebudies on the con-—
tour mapvill identify the structural regime
which hosted ore. Periodicity, rake, vidth and
depth control will usually be identifiable.
Vertical and lateral pinchouts are vsually iden-
tifiable by steepening of contours. Figures 11,
12, and 13 are the plan and contour results ob-
tained for the Cold koad, Tom Reed, and Kokomo
structures, respectively. :

Discussion

The contours of the upper levels of the Gold
Road vein (Figure 11) do not indicate clearly
the points of dilation which hosted the vider
ore shoots in this essentially continuously min-
eralized structure. The plan view is more in-
forzative. The wider zones can be seen to occu~
py dilatant zones vhich are periodically posi-
tioned slong strike. These dilatant zones orig-
inated during largely dip slip movement vhich
had some right Jateral strike slip compunent.
because the Cold Rosd lLatite behaved brittley
during deformstion, the cpening produced is sharp
and continuous on strike. ; The mineralizing event
deposited vein material throughout the structure
producing a fissure-like deposit.

On the northvest end of the vein the planview
changes character reflecting the change in style
of deforzation as the fault propogated through
the underlying transition zone and Oatman Latite.

~The contour map illustrates this difference as a

stecpening of the contours. Deformation in this
srea was more plastic than in the overlying Cold
Road Latite. The orcbodies in the transition

- zonme and Ostoan Latite are podular, wider snd, in

general, closely resecble the stockvork orebodies
on the Tom Reed structure.

1f the contour and plan maps of the Cold Road
vein are used for exploration purposes the fol-
Joving points become evident. Drilling betveen
the dilatant zones obay produce narrov ore inter—
cepts but vill not appyreciadly add to reserves.
The areas correspond to pinch zones. On a smaller
scale, the vein shous long wavelength periodicity

of barren and productive sections on strike. Be-
tveen the No. ) orebody and the beginning of the
continuous mineralization in the Cold Resd Latite
there is & nonproductive “step” or barren zone.
A similar barren zone exists on the southeast ené
of the vein, past the lost working within the
mine. Beyond this barren stretch should be an-
other productive stretch of similar, periodically
Jocated dilatant zones. A sinilar festure ie
found in the Tom Reed structure. Explorstion
should be directed slong this southeast lich. In
sddition, an effort should be made to locate the
semainder of the productive limb on the northvest
end of the vein.

With appropriately detailed mine maps, highly
accurate contour maps can be constructed vhich
allov identification of other features in the old
wvorkings. Change of rock type, as illustrated by
the Cold Rosd lstite-transition zone contact, ray
be indicated by 2 change of character of the con-
tours. Faulting of the vein or orebody way be
indicated by rismatched or dislocated contours.
Further, a contour and plan zap of a vein offers
the structural geologist an unparalled view of
the corphology of large planar structures vhich
can be used in regional structural analysis.
Tnree dicensional stress orientations can be ob-
tained from ‘this type of study.

The Tom Reed Vein (Figures 12a snd 12b) dis-
plays distinctly concave north bends vhich, like
the Cold Road vein, are coincident vith major ore
deposits. Subtle points of curvature along the
vein are hosts to narrover orebodies such as the
United Aserican and Black Eagle. There is excel-
Jent correlation betveen the size of the curva-
ture and the width and total tonnage of the de-
posits. All orebodies vithin north dipping sec-
tions of the vein are locsted in concave north
bends. Concave bends vhich sre opposite the di-
rection of vein dip appear to be zones of pinch-
ing and are nonproductive. The lateral cutoff
point for ore deposition vithin the dilatant
zones corresponds to the northuest flank of each
concave north bend. .

The division of the Big Jim orebody by the post
mineral Hallery fault (Figure 12b) is seen in the
contour map as a translsation of matching contours.
This displacement can be used as a crude estina-
tion of the displacement on the Mallery fault.

The Tom Reed shovs the periodic productive
and nonproductive stretches like the Gold Road
vein. The blank interval betveen the Ben Narri-
son and Big Jim orebodies (Figure 13b) was ex-
plored by drifts from both mines and by sudsur-
face drilling from an exploratory drift to the
east. Except for a very small body of ore in the
Ben Karrison exploration drift mo minerslization
vas found in this section of the structure. The
snall body of ore does correspond to the only
sr:all concave bend found on the plan viev within
this section of the vein. Tha lack of ore in
this section of the vein had been attributed to
the Ostzan fault which cuts the Mallery fault
just north of the Big Jin orebody. The fault is
thought by some workers to merge with the Tom
Reed vein, downdropping it to the northeast. A
reviev of past drilling efforts by Vaars €19)
indicates the holes nay not have been deep enough
to intercept the hypothetical downdropped block
based on the measured dip slip of the Oarman
fault. 1n any case, our contouring results indi-
cate this stretch of the vein lacks the concave



north bend(s) necessvary for significant ore de-
position. This is believed to be correct in
spite of the periodically located individuul ore-
bodies on the productive stretches adjoining to
the northwest and southeast. Simply assuming
the periodicity continues between the productive
sections would indicate the possibility of 2 or
3 orebodies totaling about 1 million tons. A
rather aggressive drilling program could have
been initiated on this assumption. Wowever, ouT
structural analysis indicates low probability
for additional orebodies and the target has been
relegated to a nuch lower priority. This deci-
sion was supported by additional evidence wvhich
vill be discussed below. .

The Tom Reed vein, like the Gold Road vein,
has indications of another productive stretch
to the southeast, based on favorable structure.
A nonproductive stretch exists between the Uni-
ted American and Argo shafts (Figure 3). Be-
yond the Argo the outcrop of the Tom Reed vein
goes up an escarpment and has not been explored
by shafts or drifrs. MNowever, preliminary field
r.apping shovs characteristic ore-associated al-
teration (see below) along the vein and indice-
tions of a zone of curvature.

The unproductive Olla Ostman segoent of the
700 Reed vein displays no concave north curva~
ture; therefore, vein contouring dats is not
presented.

The United Eastern segaent (Figure 12a) con=
tains the western arm of the concave morth bend
vhich began on the Tom Reed vein near the Ben
Karrison workings. 1ts east arm hosts the Tip
Top and Ben Harrison orebodies. 1t is inter
esting to note that on the surface and within
the mine vorkings the "y" junction of the Olla
Oatcsn and United Eastern segments vith the Ton
Reed structure is symmetric, vith nothing to
jndicate vhich segzent vas the preferred direc-
tion of mechanical release. The junction of
chese structures, rather than being an area of
high permeadility for hydrothermal fluids, vas
only part of a larger zone of curvature which
vas the avenue of fluid flow. The observation
that the structural intersection itself was not
the focus for fluid flow and ore deposition vas
cade by lausen (20), theredby distinguishing Oat-
can froo many districts where structural inter-
sections were in fact the preferred ares for ore
leposition. On the Tom Reed, however, the junc-
tion itself is unmineralized and ore exists
lateral to it on the flanks.

Northwest of the United Eastern orebody & dip
reversal occurs mear the Red Cloud shaft. This
is also a zone of concave north curvature and
intense alteration. The combination of a zone
of dip reversal vith a zone of stromng curvature

_has no snalog in the productive parts of the

veins. 1f these tvo characteristics accentuate
each other and produce a zone of increased dila-
tion and brecciation is uncertain and remains to
be tested. Indications are that the zone vas
indeed favorable for ore deposition, based on
the associated alteration at the surface (see
below).

The United Western is the most northwesterly
orebody on the Ton Reed system. It is located
in a shallow concave north zone of curvature on
the south dipping portion of the United Etastern
segment, The orebody has limited vertical ex-
tent and is of lover average grade than the other

orebodies on the Tom Reed-United Esstern struc
ture. As noted previously, this portion of the
vein shows little strike slip component. The
long, horizontal configurstion of the United
Gestern orebody moy reflect the dilation effects
of dip slip movement vithout an epprecioble
strike slip component.

Figure 13 shove the plan and coatour maps for
the ¥okomo structure 26 deduced from survey data.
The contour map was constructed by measuring the
distance of points on the surface of the vein to
points on the reference plane. Although the down=
dip contours are conjectional they do give a pic-
ture of the shape of the structure. The plan
pection can be conpared vith the bends on the
Tom Reed-United Eastern structure and an ides
gained as to the location of potential orebodies
within the bend.

The Kokomo exhibits a profound concave north
curvature along 8 strike length of 1000 feet.
This is cormparable in size to those bends hosting
the two major pineralized sections on the Tom
Reed structure. This, coupled vith intense al-

teration at the surface (see below) cukes this an

attractive exploration target.

Summary

Plan and contour maps of the productive veins
in the central district have alloweé quick and
precise jdentification of the preferred structural
zones of ore deposition. poth productive and
nonproductive sections of the veins are accounted
for, as well as the non-oineralized areas be-
tveen individual orebodies. Application of the
dsta for the location of nev targets on unex-
plored structures is straight forward.

Ore deposition in epithernal vein deposits is,
like all hydtothcrnll deposits, governed by the
jnterplay of tecperature, pressure, and solution
chepistry. Obtaining 2 measure of the inter—
dependence of these paraneters in an ore deposit
is a formidsble task. Studies incorporating
field data with comprehensive chemical-therno=
dynamic modeling schemes have only recently been
sttenpted (21, 22). This is an avenue of geo~
chemical research vhich is very nev gnd prozises
many insights into the ore-foroing process. The
usefulness to the explorationist remains to be
tested. Utilizing available tools a measure of
the individual parameters can be made, ‘however.
These measurements are clues about the ore depo-
sition process vhich can be used to sdvantage by
the explorltionisl. 1f vhat is messured is cause
or effect is a distincrion vhich is probably ir-
relevont.- What is joporrant is that these ceas~
ured characteristics are associated with theore”
forming process snd cen, tnerefore, be searched
for in new areas.

The most explontion-usehl results of theore
deposition process are: ’

a) wallrock alteration

b) fluid inclusions in the minerals of the
alteration or ore assemblage

¢) dispersion of trace elenents beyond the
confines of the orebody itself
These three products were studied at Oatman. The
characteristics of each in the district will be
discussed and the results of the application of

Jpe——



each to explorstion vill be presented.

Wallrock Alteration

Detailed slteration papping has been found to
be as ioportant and definitive as vein contouring
in pinpointing the location of knoun ore deposits
in the Oatman District. These tvo methods alone
or used in conjunction would ensble the explora~
tionist to evaluate the ore controls and to lo-
cate the vast majority of nev targets in the
central district. Hovever, the use of additional
tools such as fluid inclusion temperature deter=
oinations and geochemical sanpling have been
found to make the search nuch more time snd cost
efficient and mare intelligently directed.

Recent work by Buchanan (23,24) in Cuanajuato,
Mexico, has shown that relatively deeply buried
(1000 feet) orebodies can have unique alteration
assesblages which extend above the orebody to
the paleosurface. This is not surprising if one
recognizes the similarities betueen epithermal
vein systems and present-day geothermal systeas.
This asserblage, especially vhen developed far
above the orebody, may be quite limited in aresl
extent. Length and width dipensions of the as-
seablage at the surface may be measureable in
hundreds or even tens of feet. Because of this
the usual napping scales of 1"=500°, or scaller,
are inadequate. :

Ar Ostzan 8 mapping scale of 1"=100' vas used.
Field base maps consisted of black and vhite
photo prints enlarged to spproximately 1"=100"
froo 1"=500" airphoto negatives. The field cata
vere collected and transfered to 1"=500°' oaster
geology and alteration topographic maps. Map-
ping at this scale enables the staff to deline-
ate relatively small outcrops of variably al-
tered rock. Concentrating initially on the ore-
bearing structures, the rock type, mineraliza-
tion, alteration, and structure vere recorded.
Coverage was later expanded to extensions of the
veins and ground between parallel veins. Coverage
vas accomplished at the vate of sbout 2 sections
pex man month. The time required to discover
and fully document the characteristic alteration
assemblage along the Ton Reed vein was approxi-
mately one man month. The distribution of this
assemblage was found to correlate perfectly with
the structural “"traps” jdentified by vein con-
touring. e

In the central district & simple volcanic
stratigraphy and minor ‘post mineral faulting
allowed fast coopilation of basic geology during
wapping. MHapping of slteration sctually consumed
more time than rock types, structure, or miner
alization, although each was recorded sioultan-
eously.

In the field a subjective criteria vas used
for delineation of slteration types and inten=
sities. The precise jdentification of the al-
teration suite was not considered important in
the early stages. Later, after the slteration
haloes obove the known orebodies wvere recognized
and mapping sdvanced outvard from the produetive
ureas, X-ray diffraction work vas undertaken to
obtain a precise idea of the 2lterstionminerals,
One instance vhere this wvas particularly iopor-
tant vas the distinction betucen the phyllic
(illitic) alteration halo founé sbove the ore-
bodies and the srgillic (alunitic) assemblage
found in some post-mineral faults and in the

strongly altered ares nest the ‘Moss Porphyry
(Figure 2).

Tnree types of slterstion were mapped in the
field: argillic, propylitic, and silicic. The
vergillic” was later divided into phyllic and
argillic based upon X-ray work. Along the pro~

ductive veins this distinction did not sffect our
earlier conclusions regarding the type of alter-

" ation signsture sssociated with ore deposition.

The folloving field criteris vere used. Note
hov imprecise the criteria can be and still be
adequate for defining alteration jntensities and
grades. Note 23 well that the criteria is based
upon the appearance of rocks and mot the ident-
jfication of minerals. Tne following descrip-
tions apply to typical dark gray-green to black
Jatite, the dosinant rock of the éistrict. Weaker
alteration, vhich is often indistinguishadble from
deuteric alteration, vas mot capped, except vhere
veak phyllic alteration appeard to affect &
large area.

a) Propylitic

: Woderate - Outcrop has irregular green
pstches but original gray
color or rock is still
largely visible.

Strong - Pale green throughout out= ’
crop. Feldspars usually
tinted light green.

B) - Phyllic and Argillic -

Yoderate - Rock is visibly vhitened or
"bleached™, although pro-
nounced shades of green or
gray may still persist.
Original rock textures are
discernible, but outcrop is,
softened although not
crucbly.

strong - Rock 55 vhite to yellow (due
to oxidation of pyrite) al-
though shades of green or
velots” of nearly fresh rock
cay persist. Textures are
largely destroyed. Rock is
cruzbly in hand samples.

Except for the presence of alunite, the phyllic
end argillic grades have similar appearances.
The shape of the respective alteration haloes
differs, hovever (see below).

c¢) silification

Yoderate - Rock is hardened due to
introduction of quartz along
microfractures. Volumetric~
211y, introduced quartz is

. generally less than 20%.

Strong - Rock is heavily invaded by
quartz veins and fracture
fillings. Outcrop may con”
stitute » low grade stock~
work orebody. Segments be-
tueen veinlets is silicified
to dense, Rray, “cherty”
rock.

The results of alteration mapping to date in
the central district are presented in Figure 4.
A diagrsm illustrating the type and shape of the
alteration halo developed at Oatman and the
present-day level of exposure of the known ore-
bodies relstive to it is presented in Figure 15.
The following points should be notead:

a) A vide zone of moderate to intense phyllic
alterstion is found sbove every known orebody on
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the Tom Keed-Uniled Lasturn vein system. These
zones asc restricted on strike but "blossom”™
laterally, particularly into the hanging wall.
The size of the alteration zone is projportional
to the size of the orebody (or more precisely to
the size of the dilatunt zone at the point on the
structure).

b) Narrow, lincar alterstion zones are found ,
on the post-mineral Mallery fault. These zones
do not "blossum™ and are thought to represent
very late stage,low tesmperature grouné water
rovenent, or to represcat the effects of o sepa-
rate thernal event to the northvest. Freliminary
X-ray diffraction vork indicates this alierstion
is argillic and not phyllic.

€) Alteration along the Cold Road vein vithin
the Cold Koad Latite is pourly developed, except
for silification which is coincident with the
orebody itself. Uhere the vein ¢nters the upper
volcanics a phyllic halo is ¢eveloped. Beneath
the Cold Road lLatite and within the transition
zone phyllic alteration is once azain strongly
developed, a3 on the Tom Keed vein.

¢) Alteration in the very northwest end of
the United Eastern structure is argillic. This
correlates vith 2 broad, intense argillic event
vhick has been mappud on the esst margin of the
Moss Porphyry (Figure 2).

On the Too Reced vein each zone of phyllic
alteration is directly correlatsble vith a zone
of structural curvature scen in Figures 12a and
12b. 1Inflection points on relatively straight .
stretches of the vein, such as the one located
above ‘the United Arwrican orebudy, also exhidbit
phyllic haloes. The barren stretch betveen the
Ben Harrison and Big Jim orebodies contains no
phyllic alteration, consistent with the lack of
curvature in this portion of the vein. These
tvo facts indicate this stretech has lizited
potential for significant siucralization.

No phyllic alteration is found on the Olla
Oatcan segment of the Tow Reed vein. This de-
tracts from the possidilities of there being
significant mincralization in this portion of
the vein. .

Bezveen the lUnited Eastern and United Western
orebodies a large phyllic halo is found in an
area where a large concave north bend is coinci-
dent with a zone of dip reversal. This is the
only untested phyllic zone on the Tonm Reed vein
systes in the central district, other tham one
recently discovered southeast of the Argo shaft.

All known orcbodies in Oatman, no matter how
deeply buried, exhibit phyllic alteration on the
surface. .

An example of the newvd for correlating both
structura) and alteration signatures was dezon-
strated on the Fasadrns vein one mile west of
the United Western orelody (Figure J4). This
structure dips south and parallels the northvest
extension of the United Eastern structure. The
vein is continuously mineralized with early cal-
cite and quartz for 3000 feet alung strike.
Ceuchenical samples were anomalously high coin-
cident with a zone of concave south curvature
centered at the Pasadena shafr. Ko phyllic
alteration vas seen. Turee érill holes, the
decpest of whick intercepted the structure at
600 fect buelow the surfuce, fziled to intercept
any vein material assaying over 0.1 O/T Au. The
quartz-calcite mincralization actually died out
several hundred feet below outcrop. These blank

holes lend strung support to the idea that doth
structure and altcration must be present Before
significent mineralization can be anticipated.
Our reservotions concerning geochemical sampling
as » yuide 10 ore in epithermal districts was
also substantiasted. The geqgchemical anomaly found
on the Pavudena vein is spparently due to super-
gene enrichment,

The Kokomo VSiE contains a large phyllic halo
over the concave north zone of curvature (Figure
13). This is regurded as very positive ewidence
for significant mineralization at depth. The
fact that the phyllic alteration is so strongly
developed in the Cold Road latite is particularly
jupressive vhen the lack of alterstion alomg the
Coléd Road vein is considered. Several smallareas
of advanced propylitic and phyllic alterstion are
found to the northwest of this zone. Thesc zones
of alteration have anumalous geocheaical signa-
tures and are situvated in a 20ne of dip reversal.

Su:nirz

A unique, spatially restricted phyllic altera-
tion asserblage was identified above every known
orebody in the central district in the course of
large scale (1"=100°') rapping. The phyllic zones -
correlated perfectly with zones of curvature on
the vein structures which are known to host ore
grade pineralization at depth. The use of alter-
ation mapping in conjunction with vein contouring
eliminates a2reas vhich are structurally attractive
but have received no significant mineralization.
The occurrence of phyllic alteration outside of
z20nes of curvature must be individuvally evaluated.

Fluid Inclusions

Several detailed fluid inclusion studies have
been rade on epithermal vein ceposits similar to
Oatzan. These include the Tayoltita (25), Cuana-
juato (23,24), and Pachuca (26) deposits in Mex- |
ico; Finlandia, Peru (15); Sunnyside, Colorado
(27); Crecede, Colorado (28); and the Baquio Dis-
trict, Pnilippines (29).

The application of fluid inclusions to the
study of termperatures in ore deposits has been
revieved by Roedder (30), and Roedder and Badnar
(31) have Ciscussed the application of fluid in-
clusions for pressure determinations. A mev ap~
proach to chenical analysis of fluid inclusions
vas applied by Buchanan (23,24) based on a highly
sensitive wet chemical method developed by Clark
(32). .

In Ostman, fluid inclusion teoperature deter-
minations were initially used for reconnaissance
purposes only. Samples of quartz, calcite, or
fluorite were collected from veins from around
the district. About two dozen samples were col-
lected froo the Tom Reed, Golé Road, and Kokomo
vein systems. The temperature and textures ob-
tained {rom these largely random ore-stage saw- .
ples, unqualified as to position in the hydro-
thermal system or thermal source, gave us irmedi- .
ate informstion on the temperature range of ore
deposition in the central district and corre-
sponding éata for productive and nonproductive
veins removed from the central district. Tex-
tural inforcation, in conjunction with tespera-
ture inforration, helped to cefine if the system
was boiling or not at the time of ore deposition.
The presence of daughter minerals indicated high
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salinity solutions and, tentstively, that the
sample point vas below the boiling interface.
Collection of ore stage material at outcrop above
known orcbodies gave temperature informstion ’
which, when plotted egainst the known depth to the
top of the orcbody, resulted in a crude, empiri-
cal representation of the paleogeothernal grad-
jent in the system at the time of ore deposition.
Such a plot, shown in Figure 16, can be uaed to
guide the depth of drilling of new targets if a
tecperature can be obtained on ore-stage mater-
-ial collected at the surface.

Fluid inclusions obtained along the Tom Reed
vein average 220-240°C and wvere boiling, as evi-
denced from highly varisble homogenization temp=
eratures and “explosion" textures described by
Roedder (30) and Buchanan (23, Figure 17). Sam~
pYes from the Cold Road vein were too fine-
grained to be useful for temperature determin-
ations. Textural evidence indicates the solu-
tions boiled periodically, hovever. Samples
from the zone of curvature on the Kokooo struc-
ture gave tezperatures in the range of 200-220°C,
indicative of a horizon of ore deposition vhich
is elevated relstive to the Tom Reed and Cold
Road systems. Several samples collected in the
argillically altered ares ncar the Moss Porphyry
ran sbout 200°C, consistent with the assumption
that the alteration represents a high level, near
surface event vhich gave rise to acid, oxidizing
solutions.

The fluid ioclusion apparatus cost about
§10,000, including microscope and heating stage,
and is located on the job site in Oatman. Ve
feel it has psid for itself several times over
during this exploration phase of the project by’
establishing a depth control for drilling and,
most importantly, eliminating certain vein sys-
tems which othervise are very attractive. An
exsmple is the Boundary Cove system to the south
of Oatman (Figure 2) vhich on the surface shovs
large quantities of late stage quartz and wvide-
spread silicic slteration. Ceochenical samples
vere unimpressive but experience shoved such
sanpling vas not definitive. No phyllic alter-
ation wvas seen, but because the host was not
Ostman Latite phyllic alteration was not neces=
sarily anticipated. Orebodies at depth vere
certainly a possibility and a significant portion
of the drilling budget was prelininarily ear-
marked for this area. Llater, several rocks taken
from the vein outcrop vere exsmined for fluid
inclusions. To our disappointment (and relief,
for we were running out of ways to assess the
vein system short of drilling it) many fluid
inclusions vere found vhich contained daughter
salts and wvould not homogenize below 4LDO'C. We
concluded that the system represents the root
zones of a once larger system, now largely re-

. moved by erosion. This conclusion vill be
checked by mapping and further fluid inclusion
work. 1In this case an expensive drilling pro-
gram vas delayed for reevaluation.

Summary

The ability to generate teoperature, textural
information, and estimates of salinity (based on
the presence or absence of daughter minerals)
from fluid inclusions is the fastest and most
accurate method of establishing a level within a
system, distinguishing betveen othervise similar

looking bydrothernal systeos, and identifying the
thermu) center(s) of the district.

Ceochuenical Sampling

Due to the success of vein contouring anéd de-
tailed alteration mapping in identifying the po-
sition of known mineralizstion, the identifices-
tion of a potentially unique trace element signa- .
ture in vein material or vall rocks sbove ore-
bodies has not been attempted. Assay results for
gold and silver in vein outcrops have been highly
inconsistent when related to the size and grade
of known mineralization st depth. Ssoples taken
vithin feet of the tops of the Big Jic and Tip
Top oredbodies gave only trace amounts of gold and
silver vhile the barren Pasasdena vein produced
assays up to 0.25 O/T Au. These results are typ~-
ical for the district as a vhole.

The vertical control of ore éeposition exerted
by the boiling mechanisa in epithermal deposics
(to be discussed) may partially sccount for the
sudden cut off of values above the orebodies.
Structural pinches vhich are filled by early cal-
cite and quartz may block higher advance of later
solutions. All or none of the oultiple stages of
vein filling may persist above the main vertical
interval of ore depositions. Those which do per-
sist may be psrtislly or completely stripped of
their precious cetal content. All these factors,
vhen corbined with the effects of supergene en~
richment, can relegate the practice of gescheni-
cal sadpling to s position of near uselessness if
the technique is not combined with several oore
reliable methods. The study of the distribution
of other trace elements, particularly mercury,
arsenic, thallium and the like, cay be of greater
relisbility regardless of the associated precious
petal content. The limited applicability and
dangers inherent in atteopting to assess epither-
pal veins by precious meral geochemical sa=pling
has been vindicated at Oatman. No area vhich ex-
hibits a geochenical anomaly in gold and/or sil-
ver is seriously considered unless associated
vith other positive evidence such as definitive
slteration or structural characteristics.

Applications to Exploration in Oatman

The foregoing observations provide the frame-
vork for efficient ané intelligent explorstion in
the Oatzan District. Additional methods are
presently being evaluated for defining the
higher-level expression of potential ore shoots in
slightly eroded structures in Oatman. These
wethods primarily involve trace element geochem-
istryof the altered wallrock, gas analyses of the
alteration minerals, and chemical analyses of
fluid inclusions, if present. Knowledge gained
in this area vill be spplied to the many rela-
tively deeply buried vein systems vhich remain to
be explored in the vesterp United States.

An assessment of the usefulness of the methods
spplied at Oatman can be made by exaenining the
geologic indications of ore shoots and targets
before and after our study. ’

Known Orcbodies:

A) United Eastern (Figure 7)

Before: The classic “blind" oredody de-
noted by Ransome (7) and Lausen (8) as having no
surface expression. Vein structure mot mappable

on surface, éepth to orebody 400 feet.
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A) United Eastern - con't

After: Largest single zone of advanced
phyllic alterstion along the Tow Reed-United
Eustern structure (Figure 14). located on north-
vest fg)nk of lorge, concave-north bend of the
structure (Figure 12a),

B) Tip Top, Ben Yarrison (Figure 7)

Before: High silicified ridgevith green,
golé-bearing quartz exposed on surface. Expres-
sion of vein analogous to esrlier-discovered
Cold Road and Moss veins. Orebody virtually st
surface.

After: Llarge phyllic alterstion zone
vhich conforms closely to length end breadth of
pineralization below surface (Figure 14). Ore-
bodies Jocated on southeast flunk of large con-
cave north bend of the structure (Figure 12a).
Ceochemical sasples for Au and Ag largely nega-
tive, although taken vithin feet of top of ore-
shoots. Fluid inclusions indicate repeated boil-
ing episodes in late stage, green guartz.
© €) Big Jin, Aztec (Figure 7) )

Before: Tom Reed structure is largely
covered by up to 50 feet of cdetritus and cut
by Mallery fault which is parallel to Toom Reed
vein at this location. Tom Réed structure indi-
cated by faulr contact of Oaiman and Goléd Road
Larites. Orebodies found by sinking exploratory
shafcs. . .

After: Intense phyllic alteration found
in available ouvtcrops along large concave north
bend of structure (Figures 12b and 14). Alter-
ation on Mallery fault distinguishadle from
similar appearing alteration associated with ore
deposition by X-ray diffraction.

D) Black Eacle, United American (Figure 7)

Fefore: Orcbodies found at 400 foot
depth by exploratory shafts. No vein material
in Ton Reed structure at surface.

After: Small but intense phyllic alter—
ation zone above orebodies and stromg propylitic
alteration developed in Oatnan Latite footvall
(Figure 14). Oredodies located in shallow con-
cave north bend on Tom Reed structure
(Figure 12b).

E) United Vestern (Figure 7)

before: Located morthvest of Uoited
fastern orebody near intersection of United
tastern structure and rhyolite dike. Narrow
calcite-quartz Vein on surface, but contains no
gold or silver. Oredbody found at 500 foot depth
by exploratory shaft. + .

After: Small, veakly developed phyllic
alteration zone found above wvest end of orebody
(Figure 14). Orebody located on shallow, con—
cave north bend on south dipping section of
structure (Figure 12a). Fluid inclusions from
vein material give temperatures vhich are con-
sistens with paleogeothermal gradient of Figure

.

. 16.

F) GCold Rosd (Figure 8)

Before: Vein outcrops strongly for sev-
eral thousand feet. Oredodies in Gatman and
Cold Rosd Latite exposed at surface.

After: Concentrations of ore along vein
corresponds to cappable dilatant zunes (Figure
11). Alterstion poorly éeveloped along vein
within Cold Road Latite, but is developed in
overlying tuffaceous units of upper volcanics
and in underlying Oatnman Latite (Figure 14).
Fluid inclusions shov boiling textures.

Nev Tergpets:
A) dom Keed "faulted extension” (Figure 7)

Before: Llocated between Ben Narrison and
Big Jio orebodies, each of vhich yielded about
250,000 tons. Evidence of down-faulting slong
section if Ostmen fsult is sssumed to join Tom
Reed structure and continue northuest along it.
No vein on surface, but Tom Reed structure is
strong along this section. A small body of ore
found in 500°' level exploratory drift from Ben
Harrison. Room for ] million tons, based on
periodicity of oreshoots on both ends of barren
section.

After: This section of Tom Reed structure
possesses no concave north bend(s) or phyllic
alteration. A naturally occurring barren stretch
in this portion of the structure msy have analogs
in the Cold Road vein and southeast end of Toam
Reed vein. Oatoan fault tentatively does not
join Tom Reed structure based on detailed wapping
in area of poor outcrop.

B) Kokomo (Figure 7)

Before: 10 foot wide crush zone with gold-
bearing green quartz at the surface. Exploratory
shaft sunk in 1920's at southeast end of struc—
ture éncountered 24 inches of 0.55 0/T Au at
depth of 550 feet. Structure parallels and is
located midway betueen the Gold Road and Tox Reed
structures. Ares difficult to get to, drillimg
vill be expensive and probably deep because of
high topographic exposure of the structure.

After: Structure possesses very large
concave north bend and long zone of intense
phyllic alteration (Figures 13 and 14). Fluid
inclusion studies suggest top of potential ore
shoot approximately 200 feet below outcrop, based
on Figure 16. Vein contouring also indicates
shape of concave north bend is similar to United
Eastern-Tip Top-Ben Earrison bend, thus alloving
preliminary control on drill hole locations.

€) Pasadens Vein (Figure 7)

Befure: Strong, 3000 foot long, 5-10 foot
vide calcite-quartz fissure vein. One section
800 feet long consistently runs 0.05 to 0.25 O/T
Au on surface. Explored by 350 foot shaft in
1920's at point of highest assays. Ko production.

Ater: Position of shaft is at center of
concave south bend, vhere s dilatant- zone should
be for a south dipping structure (Figure 10).
However, no phyllic alteration seen, despite
proximity to nearby rhyolite dike. Drilled by
Fischer-Watt Mining and found to be barren below
irmediate outcrop. Structure horsetails and
disappears below 300 verticsl feet. No silici-
fication found at depth (Figure 15). Llessons
learned: phyllic alteration must be present even
wvhen vein contouring indicates favorable bend,
geochenical results must be qualified by other
data.

D) Boundary Cone (Figure 2)

Before: Very large silicified breccis
20nes wvith large quantities of green quartz. In-
consistent but encouraging assays. Several deep
shafts fsiled to find major orebodies.

After: Vein contouring not carried out.
Random fluid inclusion samples indicate high
tenperatures (400°C) and salinities (>231), as
evidenced by daughter salts. Ares interpreted os
representing the root zone of & nov eroded vein
system, perhaps related to neardby rhyolite plug.
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New Terpets - con't
E) Wed Cloud-United Eastern #3 Area

(Figure 7)

Belore: Location is irmmediately northvest
of United Eastern orebody., Vein on surface is
slightly silicified, iron stained Jedge 3-10 foot
vide and seversl feet high. Very lirtle eslcite
or quartz in outcrop. Drilling froo bottom of
both shafts intersected wide vidth (10-30 feet)
of low grade (0.3 O/T Au) vein caterisl. No
production due to lov grade.

After: Llarge area of intense phyllic al-
teration existe along impressive concave north
bend (Figures 122 and 14). Center of bend co-
incides with dip reversal, ¥ould have been
drilled on these merits alone.

Ore Deposition at ODatoan:
a Prelinminary Analvsis

A detailed analysis of the geochezistry of ore
deposition at Oatnun has not been attezpted by
the suthors because of time linitations during
the exploration phase. Souze odservations can be
made, hovever, vhich indicate the Gatnan vein
deposits are very similar to other epithermal
vein systens vhich have been s:udied (cf.33).
The outstanding difference betueen the Oatman
deposits and other vein systess with wvhich ve are
faniliar is the remarkable lack of sulfur in the
hydrothernal system as a vhole. Whereas veins in
many districts are sulfide-deficient ncar the
surface but becowe increasingly sulfile-rich at
depth, the Oatman veins are barren of any sul-
fide, eacept pyrite, which rarely exceeds 0.5
by volume, from top to bottoo. The occurrence
of chalcopyrite or chalcocite in some mines was
essentially limited to single grains exposed in
the vein during mining operations. Eighly pro-
pylitized latite adjacent to the veizs will com-
tain up to 5X pyrite, but generally averages
1-22. Another peculiarity of the OatcanDistrict
is the occurrence of very fine, dissesinated
chlorite in the late stage guartz.

On a district—vide basis Lausen (B) docusented
five stages of quartz-calcite + adularia depo-
sition, each separated by & period of fracturing.
Each period of fracturing alloved later stages
of vein material to enter and, at tizes, replace
earlier stasge material, The greates: concentra-
tion of quartz-calcite * adularia along the Gold
Road and Tom Reed structures vas vwithin the dil-
stant zones identified in Figures 11 and 12s-b,
the location of the coczmercial orebodies. His-
torically, bodies of quartz-calcite vhich exceed
severa) tens of thousands of tons on the Cold
Road and Tom Reed structures have been econonmic.
Several large bodies of vein material not on these
structures have not been econonic. 7hese include

. the Pasadena vein and the eastern extension of

the Moss vein (Figures 2 and 3). The Passdena
vein way contsin in excess of 500,050 tons of
qusrtz and calcite (no adularia) but averages
less than 0.05 O/T Au. The Moes vein oay con-
tain similar tonnage and grade over its length.
The Pasadena, based on drilling and surface ex-
posure, sppears to have received only early-
stage quartz and calcite. The Moss veinray also
ove its general deficiency in gold to a lack of

 later stage solutions, or deep erosion.

Observations by the authors in veins through-
out the district indicate two things: a) when a

structure vas mineralized by any stage of quartz
and/or calcite it was completely filled from wall
to vall; partislly filled veins or veinlets are
extremely rare; and b) veins which have experi-
enced movewent after initial filling ere always
refilled by later mineralization; unhealed wveins

. or veinlets are slso extremely rare. The excep-

tion is post mineral foulting which clearly took
place after the main hydrothernal event(s) in the
district. These two observations suggest that the
geothermal system(s) vhich gave rise to the win-

. eralization (not necesssrily cosmercial) im the

Oatman District wvas restricted in its access to
the palevsurface by structures vhich, when peri-
odically opened during tectonisz, vere cocpletely
filled with quartz and/or calcite by aszending
solutions. The self-sealing peothercal system
— an exanmple of which may have existed at Oataan-
has been described by Facca and Tonani (3%),
Xeith et al.(35), and Eatzle and Sicnons (36). A
detailed account of ore deposition in another
self-sealing geotherrmal system has been made by
Buchanan (23,24) st Cuanajuato, Mexice.

Episodic fracturing caused by tectonic adjust~
wments, hydrofracturing, or other causes allous
access of hydrotherma} fluids to the surface and
s sudden pressure drop vithin the contained geo-
thermal reservoir. The pressure drop may imitiate '
boiling within the system, if the fluid is above
the liquid-vapor curve at the depth of contain-
ment. There is increasing evidenze, primarily
from fluid inclusion studies, that boiling is an
important factor in ore deposition in subaerial
hydrothermsl systems (15,37,38,39,40). The banded
charscter of many epithermal veins, including
Oatman, cay be czused by short term, recurreat
boiling vhich deposits successive layers of vein
material vithin a structure repeatedly or contin-
vously opened by tectonic adjustoent.

Evidence for recurrent boiling in the Oatcan
veins comes from fluid inclusion studies which
show that finely banded late-stage quartz often
oves its banded character to alternating layers
of fluid inclusion-rich and fluid inclusion-poor
quartz. The layers vhich are inclusion-rich are
conmposed of a mosaic of quartz erystals, each
containing a rosette of thousands of fluid inclu-
sions radiating outvard from the center of the
crystal. ldentical textures have been described
by Roedder (30) from other boiling systems &nd
Buchanan (23) at Cuanajuato, Mexico. The inclu-
sion-rich layers also host the disseminated
chlorite. : .

From Lausen (8) ve know that later-stage
chlorite-rich (green) quartz is also the richest
in gold. Apparently, boiling vas responsible for
deposition of the gold-rich, chlorite-bearing
green quartz vhich produced ore grade caterial in
the Oatman veins. A similar relationship hes
been found by Buchanan (23,24) for the silver-
rich quartz-acanthite-advlaria-sericite bands in
the Cusnajusto, Mexico veins.

A trend, noted by Lausen (8) from barrenm,
vhite quartz in the early stages of mineraliza-
tion to gold-besring, green quartz in the later
stages, may represent a gradual change froo non-
boiling-induced deposition to boiling-induced
deposition. Alternatively, the trend may be ex-
plained by a gradual change in composition or
temperature of the hydrothermal fluids over tine,
The five stages of mineralization identificd by
Lausen (B) might be explsined by » characteristic
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of self-secaling grotherms)l systems discussed by
Ellis (41, p. €36). Tuese systemy comnonly al-
ternste betveen short periods (10”7 years 0‘5
©s jor water outflow and long periods (10 -10
years) of minor vater outflov due to sealing.
Periods of outflov would be sssociated vith per-
iods of deposition in the veins. Perhaps the
five "stages” of Lausen (B) might be related to
five periods of vater vutflow during the life of
the geothermal system,

Interestingly, the later stages are character-
ized by many substages conprised of alternating
layers of white, green, and greenish yellow
quartz, vhite to black calcite, and adularia. It
is possible that the thermochenical history ex-
perienced by each of the later stages of quartz-
calcite deposition represents a microcosm of the
kind of thermochemical history experienced by the
géothermal systes a3 a whole. 1In the same sense
that the evolution of a volcanic system may be
reflected in individual flow units containing
basic through acid products, the history of the
geothernsl system vhich produced the Oatman
deposits may be crudely represented within the
individual stages of quartz-calcite deposition.,

Fluid inclusions from late-stage, green quarts
show boiling textures, low salinities (no exact
micasuresents available), and deposition terpera~
tures in the range 220-240°C. Solutions of this
tecperature and salinity (essumed <5%) would boil
under hydrostatic conditions at about 1000 feet
belov the paleovatertsble according to Faas (42).
The amount of rock removed by erosion from above
the tops of the Oatran deposits is esticated to
be 1000 feer based on depth of volcanic cover
directly cast of Oatman. If the average verti-
cal extent of the Oatran deposits is 1000 feet,
then the level of boiling - coincident with
bottom of the deposits (Figure 15) - must have
been at least 2000 feet below the paleosurface.
In order to be consistent with the data of Maas
(42) this requires that the paleowater:zable had
to be 1000 feet deep.

This apparent requirement can be explained in
tvo ways. 1In self-sealing geothermal systens
precipitation of vein material above the boiling
interface may eventually seal the hydrothermal
conduit from the upper level of éeposition down
to the boiling interface itself. If this occurs
all upvard fluid flow is stopped and a new “top”
to the geothermal systec is established. The
effective hydrostatic 'head above the reservoir
will now be peasured from the sealed cap. 1If
the cap is broken by fracturing and pressure is
suddenly released boiling will commence 1000 feet
belov the cap due to normal hydrostatic con-
straints on vaporization. This boiling, actually
terned flashing or throttling under these condi-
tions (43), vill be unusually violent due to the
. difference in pressure of the solutions (which is
equivalent to lithostatic before the cap is bro-
ken) and the pressure exerted by the effective
hydrostatic head nieasured at the cap. Deposition,
by the solutions will begin at the new level of
boiling 2000 feet below the paleowatertable
(assuned here to be coincident vith the paleo-
surface) and continue upward. Wien the fluid
column reaches 1000 feet below the paleosurface
noreal boiling will take over because true hydro-
static constraints are reestablished. Deposition
may continue above this level if the solutions
are not already depleted. Conversely, deposition

above the lower boiling interface may reseal the
conduit, sgain blocking significent fluid flow
and deposition vithin the upper 1000 feet of the
system. Ore deposits forned under the conditions
of self-sesling described here would be located
betueen 1000 and 2000 feet below the paleosurface.

- This is consistent with what is scen st Oatoan.

The second explanation requires that some com~
ponent of the fluid phase caused it to boil at a
depth vhich is greater than normally possible for
lov-salinity vater st hydrostatic conditions. One
such component is €CO3. Evidence that the Oatman
hydrothermal solutions were rich in €Oy is found
in the enormous amount of calcite deposited in
veins throughout the district and liquid €Oy dis- -
covered in fluid inclusions from late stage
quartz. The affect of a high partial pressure of
€Oz in the fluid phase vwill cause the fluid to
vaporize (boil) at a higher pressure at the same
temperature. A partisl pressure of CO3 of sbout
26 bars is required to lower the elevation of
vaporization 1000 feet under hydrostatic condi-
tions (38).

At this time there is little supportive evi-
dence for the first mechanism in the Oatoan Dis-
trict. 1In contrast to what was found at Cuans-
juato, Mexico (23,24), there is no evidence of &
second level of cineralization in the Oatman veins
(above or below the known level of wineralization)
or overlapping slteration assemblages. We there-
fore tentatively conclude that a high €O content
in the hydrotherral solutions is responsidle for
the abnormally deep level of the base of the de-~
posits below the paleosurface.

In the Foundary Cone system 2 miles south of
Ostman (Figure 2) high temperatures, high salinity
(>23%1 equivalent NaCl) fluid inclusions from ran-
dom samples indicate greater depth in the geo—
thermal system relative to Oatman. Alternatively,
this area may represent s separate geothermal
systen from that vhich produced the Oatman depos—
its or & different cell vithin the same geo-~
thernal system. Assuning the systems were active
at the same time and were, as they are today,
about the same elevation, a very steep lateral
geothermal gradient must' have existed between the
tuo areas. This aspect of geothermal systems
would be considered vhen ancient geothermal sys-
tems are assessed for their ore potential.

Efforts are presently being made to determine
if the high temperature, high salinity solutions
found in fluid inclusions from the Boundary Cone
ares vere, prior to boiling, the precursors of
the solutions which produced the Oatoan deposits.
Alternatively, these solutions may represent the
concentrated residual phase left behind after
boiling. Studies by Drummond and Ohwoto (40),
White (44), and Wah) (45) show that significant
concentration of dissolved species can occur at
the level of boiling in geothernal systems.

A major objective in the evaluation of an epi-
thermal vein district should be the identifi-

cation of the thermal center or centers. These

thermal centers can be point sources such as
buried plutons of small extent or local hot spots
or exit points in a larger geothermal system,
The exploration potential in reconstructing
paleohylrologic systems has been pointed out by
Skinner (46).

A sinple but effective method of identifying
possible thermal centers has been applied at Oat-
man. Using information vhich is generally avail-
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sble, the elevations of the tops and bottows of
the individusl oreshoots are contoured. A third
contour wap is constructed by contouring the
value in feet of the vertical interval of ore
depusition vithin the oreshoots. The relative
position of the oreshoots in vertical and hori-
zontal space must be corrected for post-nineral
faulting prior to contouring. The resultant
waps, and a cross section thereof, for the Oat-
pan District are presented in Figures 17-20.

The most interesting observation concerning
these maps is the doming of the horizon of ore
dcposition sbove the area of thyolite dike em-
placement. From Figure 20 it csn be scen that
the top of the horizon of ore ¢eposition is about
300 feet higher than the flanks. The bottom of
the horizon also appears to be elevated based on
jnformation from the Cold Road and Ton Reed veins,
Relatively high fluid inclusion temperatures
obtained from the surfaze of the Kokomo vein are
consistent with sn elevated horizon of deposition
in this area. The apparent dooing of the ore
horizon suggested by Figure 17-20 is interpreted
as indicating & thermal high. 1f the high repre-
sents a buried point source or single cell within
a district—vide geothermal system is not known at
this time. However, underground mapping by Kolan
(47) and isotopic work by Taylor {48) at Tonopah,
Nevada, have identified » thermal dome, of simi-
jar dimensions as the one in Oatnman, wvhich is
interpreted as reflecting a buried pluton.

The exploration advantages of establishing a
symmetrical relationship betueen the vertical in-
cerval of ore deposition (or other factor, such
as metal ratios, mineral assembdlages) and a com-
mon center are obvious. Unfortunately, the shape
of the horizon of ore deposition sbove the ther-
pal center can have virtually any shape and may
not reseoble a dome in every case. The param- .
eters which influence deposition can vary signif-
jcantly in the geologic eaviroanent. These
paraueters include: shape and value of the iso-
therms above the thermal source, configuration of
the palcosurface, snd salinity, temperature, and
conposition of the hydrothermal solutions. The
theoretical interdependence of these parazeters
has been studied in some detsil by Norton (49,50),
Korton and Knapp (51), Norton and Knight (52),
and lorton and Cathles (53).

.

Summary and Con:zlusions

This report has centered around one basic
jdea: epithermsal vein deposits are smenable to
quantitative, scientific analysis and, therefore,
should be.considered as tractadble exploration
targets if economic considerations are favorable.
These types of deposits should not be viewed as
Jargely random geochemical events associated with
youthful volcanic systems. The recent attention
given to active geothermsl systems offers the
explorstionist a growing source of geochemical
and physical data vhich can be applied to sdvan-
tage in the study of fossil geothermal systems
vhich may host epithermal vein deposits.

The search for ore deposits, vhich sre typi-
cally a small part of a ouch larger and complex
geothernal event, should not only focus on those
characteristics vhich are strictly associated
vith the ore-forming process, but particularly
those characteristics vhich are of greatest areal
extent. These characteristics include: the

avenues of fluid flov snd aress of deposition -
the structures and the structural traps; the
alteration signsture associsted vith ore Seposi-
tion; the temperature regine of ore deposition;
the local thermal "high” or geothermal cell
through vhich the fluids circulated. Trace ele-
went geochenistry should be applied to brosd ef-
fects manifested in the altered wvsllrocks. Ceo-
chemical sampling for precious metals restricts
ones target to’ the smallest magnitude expression
of the ore-forwing process, the orebody ieself.

The procedure and tools utilized st Oatzan can
be applied in other past-productive districts and,
vith some modifications, in grass roots explora-
tion. Our procedure was as follows:

A) Estsblish at least ‘2 charscteristics vhich
are similar betveen each and every known reshoot.
At Oatean these characteristics included partic-
ular points of curvature on host structures, &
unique alteration signature at the surface vhich
vwas relatsble to depth of exposure, and aspecific
tenperature range associated vith ore deposition.
The tools vhich vere used were, respectively:
vein contouring, detailed alteration mapping, and
fluid inclusion studies.

B) Apply this set of conditions to otrher parts
of the district. The ares vhich vas searched was
restricted in size by establishing an apparent
thermal center under the central district by
reconnaissance fluid inclusion studies snd con-
touring the tops and bottoms of the knovn ore-
shoots (corrected for post-mineral favltimg).
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