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INTRODUCTION AND SUMMARY

As follow up to a previous IP Survey, a line of self-potential (SP) readings were taken to

try and explain an anomaly from the 2002 IP Survey by Dave Mark.

The seif-potential survey showed a very sharp crossover at Trout Creek. Trout Creek

follows a Fault Zone. The anomaly was probably caused by graphite in the Fault Zone,

The Fault Zone could also be part of the structure of broken ground that is required for
mineralizing solutions to travel into the area. Some epithermal deposits are formed within
fault controlled three-sided fracture zone where one side is brecciated, Brecciation does

exist along the survey line.

The showing should be further prospected.
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LOCATION AND ACCESS

A good access to the centre of the claim block is provided by the Trout Creek forestry
access road. There is active logging in the area. As well, the ranchers have grazing

pasture for their range cattle.

The NTS map is 092H-16E and the 1:20,000 trim map is M092H0B0.

The claims are almost equidistance between the towns of Princeton, Summerland and
Paechland. On the claims are a series of old legging roads, placer mining roads, and
early picneer trails. The area is in the interior plateau between the Monashee Mountains

to the east and the Coast Mountains to the west,



HISTORY

Trout Creek has a long history of mineral exploration. early gold prospectors were
followed by numerous periods of base mineral exploration. The Similkameen Copper
Mine was discovered to the southwest; the Brenda Moly-Copper Mine was discovered
to the north, and the Elk Gold Mine was discovered to the northwest. Finally, in the early
1980's while doing placer mining, prospector Don Agur uncovered a zone of very altered
clay that was identified by Geologist F. Marshall Smith to be epithermally altered and the
host of the crystalline gold Don Agur was recovering in his placer operation.

Boomer Resources explored the ground in 1985 and 19886.

In 1986, Golden Pick Resources acquired the ground and, by the end of 1987, had spent
approximately $50,000 in exploration. Placer Development acquired the ground and
during 1988 and 1989 spent about $500,000.

The ground was restaked by Prospector David Javorsky who has kept various companies
working on it over the years. [n-Sync Industries explored the ground in 1999 and up to
2004. In-Sync Industries spent $39,000 on the ground during 2002. Their "Geological,
Geophysical and Physical Assessment Report on the Spring Property" by Alex Burton and
Dave Marx, dated January 2003, is very complete.

In the last few years "on line" computerized staking has seen vast tracks of ground staked

instantaneously online, with very little work getting done on the ground.

The finding of epithermal gold-bearing zones in similarly altered rocks to the northwest
caused considerable staking arcund the Spring Creek Claims, Tenure No. 526890. The
Golden Trout Claim Tenure No. 526265 was staked January 25, 2006. The claim follows
the share bend in North Trout Creek where cross-faulting has influenced the direction of
the creek flow. The Cell Acquisition Event Detail follows.
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WORK PROGRAM

On a previous IP Survey conducted in September 2002 by Dave Mark Geophysicist for
In-Sync Industries inc., a high SP anomaly was found along Trout Creek.

Dave Mark is one of the few geophysicists who record the SP channei on their [P Survey.
The SP anomaly went over -444 millivolts. This was very unusual and required follow up.

Two prospectors were mobilized from Vancouver and set up camp where the logging

road crosses North Trout Creek.

An SP Survey was conducted using two porous pots filled with saturated copper sulphide

solution, a reel of wire, and a digital display high impedance millivoltmeter.

One pot called the tail pot, was established and fixed at one location. The second pot,
called the leading pot, was moved at five metre intervals along the survey line. In the
Appendices is "A Guide to Prospecting by the Self-Potential Method" by S.V. Burr, 1982

Ontario Geological Survey Miscellaneous Paper 99.

White the survey did not work in the water, it did give indication-readings on the rocks that

were sticking out of the water.

A line of SP readings were taken along old line 81+00N. A very low reading was taken
right at the east edge of the North Trout Creek followed by a very high reading on the far

west side of North Treut Creek.

This very sharp and quick crossover is probably a fault with graphite in it. Usually a
sulphide showing will not read greater than 300 millivolts. This crossover read a -

481 millivolts and that is a very unusual reading. While the very high +519 millivolts, very
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sharp positive response is usually associated with graphite. While there could be

sulphides in this Fault Zone, they are completely masked by the response to the graphite,

The fault appears to strike N20°E and dip to the east.

There is breccia material along the survey line to the east of the Trout Creek Fault. The

breccia material probably represents the ground fracturing above the fault.

The fracturing in the ground along the fault allows mineral bearing solutions to have a
pathway to follow through the solid rock. There are some minor specks of base metals

in this Breccia Zone.

it must be remembered that goli does not, by itself, have a self-potential response. The
main response measured by the self-potential method is decomposing sulphides and

graphite.

In effect, the main thing we have measured with the SP Survey is the faulting that could
host an epithermal-type deposit. Since crystalline gold has been mined downstream from
this unusual Fault Zone and the hillside above this fault zone shows clay alteration and
some cooked up rock. All of the indicators are here to indicate an epithermal altered style

of gold deposit.

According to Larry Buchanan's model for epithermal gold deposits entitled "Precious Metal
Deposits Associated with Volcanic Environments in the Southwest", publihed in 1981 in
the Arizona Geological Society Digest Volume XIV, included in the Appendices. When a
fault opens up, it creates a breccia zone. This is the heel of the fauit where the ground
is spreading and breaking up. The faults provide a conduit for hot solutions bearing

mineralization to pass through.
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In the Arizona Desert, these breccia zones are called Burnt Rock because of their dark
colour and burnt texture. The dark stain is due to iron and manganese oxidation. While
the breccia zones are not usually hosting the Bonanza Quartz geld zone, the breccia

zones do form one of the physical sides to the Bonanza Zone.

On Trout Creek, the river has washed out and filled in the area north of the breccia zone
with gravel. This would not be unusual if the area was originally a cocked up clay
alteration zone that eroded easily. Also there is aiteration on the solid rock to the east

side of the gravel and within parts of the Breccia Zone to the south of the Grave! Zone.
The singtle line of SP readings were erratic over the Breccia Zone perhaps due to the
broken up nature of the rock. The negative readings were probably due to the small
amount of mineralization separated by the brecciated pieces of fresh rock.

Further SP work should be done when the ground is not so wet.

The [P Survey showed an "Apparent Resistivity” zone at depth probably coming to surface

under Trout Creek in the Fault Zone.

Panning for gold downstream from the Breccia Zone produced numerous “"colours”

however prospecting failed to locate their source.
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STATEMENT OF EXPENSES

Camp and Food $ 32156
Rental of 4x4 PU Truck and Fuel 490.72
Use of SP Equipment 100.00
Dave Javorsky, Prospector - Labour 3 days @ $250/day 750.00
Tom Ash, Prospector - labour 3 days @ $250/day 750.00
Report Preparation -~ Time, wages, printing 1,000.00
Workers Compensation Insurance 22.50

Total $_343478
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STATEMENT OF DAVID JAVORSKY

[, David Javorsky, Prospector, state as follows:

That | have completed the work outlined in the forgoing Prospecting Report on the

Trout Creek Mineral Ciaim.
That | graduated trom the B.C. and Yukon Chamber of Mines Prospecting School.
That | graduated from B.C. Geological Survey, Advanced Prospecting School.

That 1 graduated from the B.C. Ministry of Energy, Mines and Petroleum

Resources, Petrology for Prospectors course.
That 1 have actively worked as a Prospector for most of the last 30 years.

That | reside at Stewart, B.C. | receive mail at 818 - 470 Granville Street,
Vancouver, B.C. V8C 1V5,

Respectfully submitted,

@wa%
David Javorsky

Prospector

May 1, 2007
Vanccuver, B.C.
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SUMMARY Summary Hel@
ame TC, SPRING, FORK, PO Mining Division Similkameen

BCGS Map 092HO8D
tatus Prospect NTS Map 092H16E
atitude 490 46" 40" N UTM 13 {(NAD 83)
ngitude 1200 08" 14" W Northing 5517856

Easting 706097

ommodities
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ttp://minfile gov be.ca/Summary aspx?minfilno=092HNE 108

Zing, Lead, Copper, Silver Deposit Types LO1 : Subvolcanic Cu-Ag-Au (As-Sh)
KO1 : Cu skarn
Plutanic Rocks

Intermontane Terrane

The TC showing comprises a series of mineralized and altered outcrops lying in the vicinity of the confluence of North Trout Creek and Trout Creek, about
3.0 kilometres southeast of Whitebiead Lake,

The area south and east of Whitehead Lake is underlain by a granitic stock of the early Terfiary Otter intrusions. The stock trends west-northwest for 3.5
kilometres and is up to 2.5 kilometres wide. It is situated between the Middle Jurassic Osprey Lake batholith to the south, west and north, and the Early
Jurassic Pennask batholith to the east,

A zone of strong clay alteration and minor silicification, quartz veining and brecciation is developed in guartz feldspar porphyritic monzonite, along the east
bank of North Trout Creek, 240 metres northwest of the creek's confluence with Trout Creek. Drilling indicates the zone dips steeply south and is about 60
metres wide, Surface exposures contain abundant limonite and pyrelusite. Numerous narrow shears, with rusty clay, are developed throughout the zone.
The nature of the alteration suggests this occurrence may be of epithermal origin {Assessment Report 14989).

Mineralization consists of disseminated and stringer pyrite, sphalerite, galena and tetrahedrite. One drillhole intersection analysed less than 0.07 gram per
tonne gold, 2 grams per tonne silver, 1.49 per cent zing, 0.07 per cent lead and less than 0,01 per cent copper over 3.0 metras {Assessment Report 14989,
hole 885-1, 30.5 to 33,5 metres). A chip sample yielded 0.00073 per cent antimony, 0.0382 per cent zinc and 0.18 per cent lead over 1.5 metres
{Assessment Report 19420, page 33, trench TROO1E).

Two additional zones of mineralization occur along North Trout Creek, 250 metres north of the main showing. A sheared and clay- altered contact between
quartz feldspar porphyry and porphyritic rhyodacite is exposed over a length of 7 matres. Limenite and pyrolusite occur throughout the zone. A chip sample

15/05/20067




{INFILE Mineral Inventory Page 2 of 2

analysed 10 grams per tonne silver and 0.0710 per cent lead over 1.5 metres {Assessment Report 19420, page 22, zone N2). A moderately sericite- altered
breccia zone lies 40 metres west-northwest. The breccia is comprised of quartz feldspar porphyry and porphyritic rhyodacite fragments, and is mineralized
with up to 5 per cent disseminated pyrite, with associated limonite and pyrolusite. A chip sample yielded 0.101 per cent zinc over 1.5 metres (Assessment
Report 19420, page 24, 7zone P4},

Three blacks of altered and skarnified granodiorite, enguifed in quartz feldspar porphyry, occur up to 750 metres south of the main showing on the west
side of Trout and North Trout creeks. The granodiorite blocks are variably mineralized with disseminations and blebs of specular hematite, chalcopyrite,
pyrite, sphaterite and galena. Chalcopyrite also occurs in quartz veins in one of the blocks.

This occurrence was first explored by Pan Ocean Cil Ltd. in 1971 and 1972 with the completion of soi, silt, geological and magnetometer surveys. Additional
g0il sampling was conducted by Brenda Mines Ltd, in 1981, Boomer Resources Inc, drilled three holes totalling 137 metres on the main showing in 1986,
after its discovery in 1985, Placer Dome Inc. carried out an extensive prograrn of geological, soil geochemical and geophysical surveying in 1988 and 1989,

ibliography EMPR ASS RPT 3463, *4335, 9308, 10108, * 14989, 175560, 18401, *19420
EMPR EXPL 1979-160; 1980-215; 1981-205, 1988-C108
EMPR GEM 1971-289; 1972-141,142
GSC MAP B88BA; 1386A; 41-1989
GSC MEM 243
GSC P 85-1A, pp. 349-358; 91-2, pp. 87-107
Placer Dome File

*Ferndhack

tp.//minfile. gov.be.ca/Summary aspx?minfilno=092HNE108 15/05/2007
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Help @

MINFILE Home page  ARIS Home page MINFILE Search
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TINFILE No 092HNE 291 Ei
SUMMARY Summary Help @
lame NORTH TROUT CREEK PLACER, SPRING 3 Mining Division Sirilkameen
BCGS Map 092H080
tatus Past Producer NTS Map 092H16E
atitude 490 47" 06" N UT™ 16 (NAD 83)
ongitude 1200 08" 26" W Northing 55188650
Easting 705826
ommodities Gold Deposit Types CO01 : Surficial placers
ectonic Belt Intermontane Terrane Plutonic Rocks, Overlap Assemblage
apsule North Trout Creek is a southeastward-flowing tributary of Trout Creek. It initially flows south-southeast for 4.8 kilometres before turning east and continuing
eology for an additional 4.5 kilometires to the mouth of Pintin Creek, north of wWhitehead Lake. The creek then flows south-southeast for 3.5 kilometres before

entering Trout Creek, 44 kilometres northeast of Princeton.

The uppermost 9 kilometres of the creek runs through a bread, shallow valley. The vailey steepens and narrows somewhat in the last 3 to 4 kilometres as
the creek descends into Trout Creek,

Placer gold has been recovered from several locations along North Trout Creek, 100 to 1300 metres above the creek's confluence with Trout Creek. Three of
the occurrences coincide with structural lineaments (Assessment Report 14989). Gold particles recovered from the stream's gravels have an angular shape,
indicating a source nearby {Assessment Report 17560).

The placer deposits of this creek were mined by Don Agur up to the 1980s.

ibliography EMPR ASS RPT *14989, *17560, 18401
GSC MAP 888BA; 1386A; 41-1989
G3C MEM 243

Placer Dome File

ttp://minfile gov be.ca/Summary aspx?minfilno=092HNE291 15/05/2007
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The Boomer showing outcrops aiong a southeast-flowing tributary of Trout Creek, 600 metres northwest of the tributary's confluence with Trout Creek and
3.2 kilometres east of Whitehead Lake.

The area south and east of Whitehead Lake is underlain by a granitic stock of the early Tertiary Otter intrusions. The stock trends west-northwest for 3.5
kilometres and is up to 2.5 kilometres wide, It is situated between the Middle Jurassic Osprey Lake batholith to the south, west and north, and the Early
Jurassic Pennask batholith to the east.

Minor amounts of pyrite, sphalerite and galena occur in quartz veins and along fractures in very altered granodigrite, surrounded by quariz feldspar
porphyritic monzonite of the Otter intrusions. Tranching on both banks of the creek intersected quartz feldspar porphyritic monzonite exhibiting moderate to
strong silica and sericite alteration, moderate clay alteration and minor to moderate chloritization. The monzonite is occasionally cut by narrow shear zones
and is mineralized with up to 8 per cent pyrite, as disseminations and fracture fillings. A sample taken across a clay- altered shear zone, west of the creek,
analysed 8.2 grams per tonne silver over 1.5 metres (Assessment Report 19420, page 26). A sample of quartz feldspar porphyry, taken east of the creek,
analysed 0.125 per cent zinc over 12 metres (Assessiment Report 19420, page 27).

The showing was initially explored by Pan Ocean Qil Ltd. in 1972, Placer Dome Inc. excavated an number of trenches in 1989 after completing geclogical,
geophysical and soil geochemical surveys in 1988 and 19895, .

EMPR GEM 1972-141,142
GSC MAP 888A; 1386A; 41-1989

ttp://minfile gov.be.ca/Summary aspx?minfilno=092HNE285 15/05/2007
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105 : Polymetallic veins Ag-Pb-2Zn+/-Au

Intermontane Plutonic Rocks

Terrane

The Spring showing occurs on the east bank of North Trout Creek, 1.4 kilometres northwest of the ¢creek's confluence with Trout Creek and 2.3 kilometres
east of Whitehead Lake.

The area south and east of Whitehead Lake is underlain by a granitic stock of the early Tertiary Otter intrusions. The stock trends west-northwest for 3.5
kilometres and is up to 2.5 kilometras wide. It is situated between the Middle Jurassic Osprey Lake batholith to the south, west and north, and the Early
Jurassic Pennask bathglith to the east.

A dike of altered andesite is in contact with an altered tectonic breccia containing fragments of quartz feldspar porphyritic monzonite and quartz diorite. The
showing is exposed in outcrop over a length of 50 metres. The dike is partially silicified, chloritized and carbonatized and contains minor disseminated pyrite
and galena. The tectonic brecgia is sericite altered and mineralized with minor disseminated pyrite and chalcopyrite. The contact between the two units is
sheared and intensely clay altered. It strikes 180 degrees and dips 30 to 45 degrees east. The shearing, silica flooding and vuggy texture of the showing
suggests a possible epithermal origin for this mineralization (Assessment Report 19420).

Anomalous metal values occur in or near the contact. One chip sample analysed 0.088 gram per tonne gold, 7.6 grams per tonne silver, 0.287 per cent lead
and 0.161 per cent zinc over 2.7 metres (Assessment Report 19420, page 21).

The showing was sampled by Placer Dome Inc. in 1989 during a program of geoclogical, soil geochemical and geophysical surveying conducted in 1988 and
1989. Similar surveys were completed by Pan Ocean Oil Ltd. in 1971 and 1972.

15/05/2007
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PRECIOUS METAL DEPOSITS ASGOQCLATED WITH
VOLCANIC ENVIRONMENTS IN THE SOUTHWEST

Larry J. Buchanan
Fischer-Wate Mining Co., Inc., 352 E. Plumb, Suicve 203, Reno, Mevada 89502

AESTRACT

A comparative study of over 60 precious metal
vein deposits hosted by volcanies indicates that
ubiquitous physico-chemical feattres relate to the
genesis of, aud exploratien for, these deposits.
Host rocks are largely Tertiary calc-alkaline ex-
trusions with hypabyssal intrusioms. Andesites are
the more common host to ore shoots, however most
districts have precore felsic tuffs, volcanogenic
sediments, dikes, sills, and plugs. The deposits
fill fractures ofcen related teo a caldera environ-
ment. The veins are vertically zoned from agate
and clay near the paleosurface, passing with depth
into barren caleite; then quartz and calcite; then
quartz, calcite, adularia and precicus metzls; then
in deeper levels to quartz, adularia and base
wetals. The interface berween the upper precious
metals and the lower base metals is a level of epi-
sodic beiling of the fluids. At this level, COy
and H;$ are released to the vapor phase, pH rises
in the remaining fluid, temperature drveps slightly,
and f{0p) increases. These results of boiling
cause first the base merals, then che silver sul-
fide, and lacer the gold to depesit ia a well-re-
cognized temporal and vertical sequence. Episodic
sealing of the fracture system, followed by eplso-
dic refracturing causes episodic boiling and min-
eral deposition at depths greater than hydrostatic
conditions would allow, and yields the intra-min-
eralizacion brecciation and banded vein filliogs
50 often observed in epithermal deposits. A low
pH alteration assemblage, genetically related to
the precious metal depesicion, 1% nearly always
present, This assemblage extends frem the base of
the precious petal ore horizon to the palessurface,
thus it serves as an excellent guide to non-out-
cropping ore shoots,

INTRODUCTION

This paper will present data on epithermal
deposits hosged by veleanics and will discuss the
metal deposition mechanisms., A model will be pre-
sented of & ""typical" deposit, describing vertical
and horizontal patterns of wall rock zlteration,
mineralization, levels of ore deposition, and chem-
ical and physical ore conirols.

The scudy will limit itself to oaly those
gold-silver vein deposits in an unmetamorphosed
volcanic cto subvolranic envivooment, These depose
its have been called “epithermal', "bonanza ores”,
"precicus metal deposits of volcanic association”,
and by other names. These names are all slightly
misleading in that most of the deposits were formed
from solutions hotter than the 200°C limit set by
Lindgren (1932} as the upper temperature of 'epi-
thermal', certainly only a few districts were
“bonangas'', and it is not ac all clear Jjust whar
the associgtion is between the veins and the host

237

voicanics {especially as many ove shoots are in sed-
imentary rocks below a2 volcanic cover}., As the word
"epithermal” is so widely used and is now generally
understood to Tefer more to a genetic-cliass rather
than 4 temperature-class of deposits, che word "epi-
thermal™ will be Tetained im this report, With the
limitation of discussing only deposits in a velcanic
environment, some major precicus metal districts
{Coeuer D'Alene, Carlin, Leadville, Conrcepcion Del
Oro, etc,) will not be discussed, although some of
the ideas to be presented may apply equally to
these.

DATA BASE FOR THE MODEL

Table 1 gives physical and chemical character-
istics of B0 epithermal districts. The compilation
reveals several important common characteristics,
features too often present to be Telegated to meve
coincidence:

A. The host is typically am Early to Late
Tertiary calc-alkaline voleanic pile commonly con
taining andesite azgglomerates, dikes, breccias and
flows; rhyolite tuffs, dikes and small plugs; lacite
and rvare dacite flows and breceias: lake bed and
fluvial velcancgenic sandsgones and shales. Al-
though andesites are the more ¢ommon host to ore
(Silberman, 1976}, mos: districts have some felsic
units. Felsic intrusions are usually late in
the volcanic event but are preore. Many field
geologists feel a generic tie exists between the
mineralization and the felsiec intrusions, with the
intrusions acting as a heat source to drive cells
of convecting water. Much more study is required
to confirm this, Basalts are not known te host sig-
nificant amounts of ore in any of the districts in
Table 1,

3. Sediments or weakly metamorphosed sediments
with typically Late Cretaceous to Early Tertiary
intrusions ofren underlie the volcanics. These
underlving rocks less commonly host ore shoots, but
when ore does occur, it often contains more of a
base metal assemblage chan-the precious metal de-
posits in overlying volcanics. Limestone replace-
mant depasits adjacent to the deeper veins are not
uneommon .

C, Only a few depusits are older than Tertiary:
Rochescer is believed to be Cretaceous and the
Golden Placeau deposits are thought to be Paleozeic.
On the other hand, many are younger than Terciary.
There is little geological reason why deposits can-
not have formed throughout the Phanerozoilc, however
the older deposits are commanly either evoded away
or metamorphosed to the point they no longer exhibit
epithermal characteristics,

D. The deposits fill pre-existing fractures,
not necessarily cension Fractures, and where studied
in decail, most deposits can be placed in a caldron
or resurgent caldron secting. The fractures are



more complex nearer the paleosurface with numerous
bends, ¢ymoids, horsecails, and bifurcations, there-
fore, stockwork deposits are more likely to exist
nearer the paleosurface and should pass to more
structurally constricted veins with depth. Humerous
intra-pineralization periads of brecciation are re-
porzed in most districts.

E. Ore shoots rarely £ill the entire wvein
structure, tather they are isolated zones within the
vein enclosed along strike aad dip by subore to
barren gangue. Normally, the cre-waste contact is
formed by a rapid drop in grade, or by a thinaing of
the pay streak, or both., In aimost 2ll discricts,
very thin and very high grade veinlets may extend
gurward (into a2 wall or within the mein wein along
strike) from the stoped areas, bub these veinlecs
often become subore grade when the necessary mining
widths are considered. Hewever, the ore shoots do
relate ro definite structural features within the
veins, such as ac dilatant zones in bends concave to
the hanging wall (Seven Troughs, Qatman, Comstock},
at areas of vein intersection (Hayden Hill, Com-
stock), and in areas of dip decrease resulting in
crushing of the hanging wall (Las Torres at Guana-
juato). As these srructural feacures are localized,
the ore shoots contained therein dre localized
within an otherwise suboTe structure.

F. The precious meral ore zones have a re-
stricted vertical interval of up te 1000 merers, but
the typical uneroded deposit averages close te 330
meters., Because of this restricted interval, most
districts have a definite elevation which marks the
bottoms of the preciocus meral ore shoots, as well as
a definite elevation which marks the taps of ore
shoots. These elevations mav be evident only if
the effects of posct-ore faulting are subrtracted out
of the district geology {Tayoltita, Qatman}. At
Uavman, Pachuca and Tonopah, the precious mecal
interval is domed like an inverted saucer. No sat-
igfactory explanation for this deming has yet been
of fered, If orebodies bottom at 2 particular
elevarion and top out at anather higher elevation,
we must look at the mineralogy of all three levels
{above, within, and below precious metal ore shoots)
in order to understand the orebody genesis.

G. Above rhis ore interval, precious metal
values drop tapidily. Although the quartz vein fil-
ling extends well above the top of the ore zone, the
quartz filling of the vein gradually diminishes in
width {Guanajuatc, Pachuca, Ostman, Gooseberry,
Silver Feag), and the crystalline nature of the
quartz changes to an agate or chalcedony far above
the ore shoot. As quarctz and agate diminish in
volume towatrd the vein tops, calcite becomes rela-
tively more common, Higher still in the vein sys-
tem, calcite begins t¢ diminish cften to the point
where an empty, paper-thiv fracture is all that
mactks a productive and wide vein at depth (Bulldog
Mountain, Guanajuato, Pachuca, Fresnillo, Qactman,
San Francisco Del Oro, Kimberly).

H. Going the other way, that is, downward from
the base of the precicus metal ore shoots, vein fil-
lings often differ from that of the productive hor-
izon by two possible but different manners. These
two types of changes appear to be mutually exclu-
sive, thus are discussed separately:

a, The least common way 3 precious metal ore
shoot may terminate with depth {s illus-
trated by Oarman and by the upper ores at
Guanajuato. In chese discricts, the pre-
cious meral content vapidly diminishes at
the bottom of the ore shoot o anomalous
but wery suboTe grade. The quartz vein
£illing, as well as the strength (width,
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form, persistence) of the structure, concin-
ues downward., There is no appreciable
change in vein mineralogy at the base except
for & probable diminishing of pangue adu-
laria, a possible increase in pyrite, as
well as the near absence of calcite and
precious metal minerals.

E. HMore commonly, the precicus metal content
gradualily diminishes at the base of the pre-
cious meral ore interval until a level is
reached where ore grade is not maintained,
Concomicgant with the decrease in preciocus
metail values is an increase in galena, py-
rite, sphalerite, and less comonly, chal-
copyrite and/or pyrrhotire. Quartz persists
downward withour apprecisble changes, but
calecice is greatly reduced in volume, and
sericite and adularia ave slighcly co
greatly diminished.

I. Within the precious metal ore horizen, vein
mineraleogy {5 a rather simple assemblage of argen-
tite, adularia, gquartz, pyrite, electrum, caleite,
and tuby silwvers, Tetrahedrite, stephanite, poly-
hasire, base metal sulfides, naumannite, fluorite,
barite, sericite, chlorice may occur in most depos-
its in small re large ameunts, Even less commonly
found are stibnite, realgar, rhedochroszite, rhodon-
ite, bornite, boulangerite and 3 host of other min-
etrals., The veins show boch a repetitively banded
filling texture characteristic of open space fil-
lings, a5 well as textures indicative of replacement
of the walls and breceia fragments. Typically, where
high precicus metal values exist within a vein, the
quartz gangue is very fine-grained and contains sig-
nificant amounts of adularia (Guanajuate, Jarbidge,
Datman, Finlandia, Triunfo, Mogollon), and/or seri-
cite intimately mixed with the precious metals.

F. Gold:silver ratios tend to be larger higher
in rhe vein system, in those districrs where ore
shoots are not eroded. Oxidarion and secondary en-
richment of both gold and silver tend to obscure
this primary precioos metal vertical zonation in the
many districts subjected to erosion of ore shoots,

K. The remperature of fprmation related to the
precicus metal ore interval is from around 200°C (the
lower temperature postulated for Goldfield) to over
300°C, but averages around 240°%C, Salinities are
genetally lower than 3 equivalent weight percent
NaCl., Rapid or numerous temperature fluctuations
are not noted in deposits studied in detail. The
base metals appear to have been deposited at some-
what higher temperatures in all depeosits studied in
dertzii, from slightly more saline solutiens, and are
cypically paragenmetically earlier than the precious
metals.

L. The reperitively banded wein fillings ia the
ore horizon deserves more deseription. Banded or
crustified texrures are so common in precious metal
deposits hasted by volcanics that it has been can-
sidered a diagnostic feature of epithermal veins.
The barded vein filling is litcle more than a series
of layers, each one deposiced atop the previous, of
gangue and ore minerals., Qften, but less ofren than
generally assumed, the bands on each side of the
centerline of rhe wein form mirror images of each
ather, This feature has led to the probably correct
conclusion that each pair of bands deposited at the
same time from the same selutions. However, litcle
study has been directed toward answering two fundam-
ental questions:

a. What trigper causes the deposition of cer-
tain minerals in onme pair of bands bur not
in the next?

b. Why are many veins characterized by repeti-



tively banded fillings: that is, having
numerous bands of the same minerzl assew-
blage separated by numercus bands of a dif-
ferent mineral assemblage? For example, a
4" slab of the Gold Read ¥ein from Qatman,
Arizona, has 4l bands of quattz and chlorite
separated by L0 bands of quartz and adular-
ia. What physico-chemical parsmeter uwas
repeated over and over again te give such
repeated bands?

Answers given in the past to explain this fea-

ture appear unsatisfactory:

a, An explanaciem given is that wallrock and
solution reactions cause changes in the
solution chemistry, cavsing the bands to
form, This is unlikely in that the wall
rocks are already reascted with and the solu-
tions are already buffered oy the rocks. How
could wall rock-solutien reactions episo-
dically buffer, then later episodically not
buffer, the selutions?

b. A second answer given is that simple coel-
ing of the selution forms the bands., Coal-
ing could lead to bands of specific miner-
als, but cooling does not explain the re~
petition of bands of the same mineral,
hssuming 4 mineral precipizates in a par-
ticular temperature interval, what causes
that temperature incerval to be entered and
left again repeatedly throughout the vein-
forming time span? Also, fluid inclusion
studies of ores from Oatman, Pachuca, Tay-
oltita, Guanajuate, {reede, and octhers, in-
dicate that rapid or numerous Cemperature
reversals do not exist.

c. A final answer given is that changes in
solution chemistry lead to the banding.
What is meant by this is that influxes of
volatile or dissolved species cause the
bands. It is very difficult to imagine a
hydrochermal system that can have repeated
influxes of wvolatiles or dissolved species,
with each influx sc similar to the previcus

ones, as to cause the same mineral assem-
blage to deposit scores or hundreds of trimes
wicthin 2 narrow wvein.

of boiling of the cre-forming so-
in those districts studied in de-
Pachuca, and Tayoltita, wvaporiza-
tion evidence was found at the tops of the base
retal ore shoots; at Guanajuato and Tonopah, the
vaporization level was at the base of the precious
metal ore horizem; and in others such as Lake City
and Finlandia, the boiling occurred in discreet
zones of high precicus mwetal content within 4n other-
wise base metal assemblage., These ssemingly contra-
dictory data may be seen to fit into a pattern if

it is remembered that Creede, Pachuca, and Tayoltirta
are high in base metals, thus the boiling occurred
near the top of the base meral bherizon. This is the
same position 45 the base of the precicus metal hor-
izon, thus boiling cccurred at Creede, Pachuca, and
Tavolrita at the same level as it did at Guanajuato
and Tonopah. Deposits like Lake City and Finlarndia
are telescoped, but boiling is noted cnly in those
zones of precious metal mineralization, not in the
base metal zones.

N. Widespread propylitic alteration {an assem-
blage of ¢chlarite, pyrite, carbonate, montmorillon-
ite, and illire) is wbiguitous in the districts.
Epidote is present in rhis assemblage at greater
depths, The propylitic alterarion commonly forms
halos hundreds of meters wide arcound the veins, and
usually is wider in the hanging wall than in the

M. Evidence
lutiens is cowmon
tail. Ar Creede,
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footwall, This zlteration is cften believed Lo be
sre-ore, Silicified vein walls, and less commonly,
adularized or albirized walls, often form a thick
selvage around the veins at the ore horizon., This
selvage may be rens of meters wide, but commenly is
on the order of one meter or less. In many disrricts
silicified or feldspacthized vein walis have abundant
endugh precious metal values to constitute ore. The
widrh of the selvape diminishes upward abeye the ore
zones and often disappears wompletely 2 few score
meters above the ore, Silicification has a much
greater vertical extent than do adularization and
albitization, often extending above the ore horizon
for hundreds of meters, and very commonly extending
well below the bottom of the precious metal horizon.
Adulatized wall rocks occasionally change with depth
into adularized and albitized wall rocks. Reither
the widespread propylitic alteration nor the more
restricted silicification/adularization/albitization
serve as very useful ore guides. The former is much
teo widespread to allow a targebt to be selected and
the latter are usually so narrow as to be found at
aboput the same time as the ore is found., What is
needed for the exploraticnist is an alteration as-
semblage that is small enough o pinpoint individual
targets, is genetically related to the process of
ore formation, and extends well above the ore level
so that non-outcropping ore shoots can be rargeted,
Fortunately, such an alteration assemblage exists,
as what will be referred to as the low pH assemblage.
This assemblage may comtain any or all of the fellow-
ing mineralts: Alunite, sericicte, illite, kaclinite,
montmorilionite, or any of the kaolin clay minerals.
This alteration, commonly referred to as "bleaching”
in the literature, forms a hale around and a cap
above individual ore shoots. 1t is virtually absenc
beiow Che precipus metal horizon (Or, as at Guana-
juats, it is absent below the lowest precious meral
horizen} and forms a narrow but ever upward-widening
hale in the hanging wall arcund rhe ore shoob, and
expands or "blossoms™ above the top of the ore shoot,
In these districts studied in detail, the low pH al-
teration appears to be genetically related to the
deposition of the precious metals, but unlike the
ore itself, the low pH alreracion zone extended to
the paleosurface {See Fipure 1). At the hot spriog
orifice on the paleosurface, siliceous sinter and
opal are mixed with or forms a cap over zlunite and
kaolinite (Scheen and others, 1974). These layers
often up to scores of meters thick, are believed to
be caused by downward percolating sulfuric acid so-
lutions formed by water mixed with oxidized Hy5. Be-
neath these layers asre alteration assemblages of
illite, adularia, and celadonite as wide halos around
the fractures, formed primarily by the loss of CO;
{near surface degassing) resulting in 2 rise in the
EF/aT ratio. This assemblage passes
with depth and toward the Iractures into more well-
ordered white micas, often to a sericite structure.
Gfcen at the fracture wall, montmerillonite or kao-
linite form an inner alteration haleo, widest on the
hanging wall of the fracture, '

THE MODEL

All of these commmon chartacteristics must somehow
relate to the process of ore formation. The discus-
sion to follow will offer a model which will unify
all of these seemingly disconnected characteristics
into a simple generiz model, Figure 1 should be
consulted while reading this secticn.

It has long been suggested that epithermal de-
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pesits form in convecting water cells (White and
others, 1971}, wbere warer of largely meteoric origin
citculates deeply inte 8 wolcanic/sedimentary pile,
becomes heated, ard dissolves merals, aikalies,
chlorides, and sulfur species. Eventually, the now
heated but low salinity solution rises through a
fracture system 2nd deposits ore and gangue minerals
as vein fillings,

Broadlands, Mew Zealand, is part of such a con-
vection cell., Water at 280°C to 1609C {from depths
of 1400 m. to 400 m., respectively}, rises up a ser-
ies of fractures, and gangue, precicus metal, and
base metal minerals are deposited at wvarious eleva-
tions within the fractures. Data presented by Ewers
zod Keays (19877} indicates thar the location of meral
deposition is ian part @ function of the level of
boiling of the rising fluids, Most base metals de-
posit at and below the boiliag level, whereas pre-
cious metals deposit largely at and above that level,
Thus, at the level of boiling, a mixed zone of pre-
cious and base meral mineralization occurs. The
precious metal content decreases at and below the
boiling level, and conwversely, the base metal content
decreases at and above that Jevel,

It appears that boiling at a particular eleva-
tion in a vein system must mark that division between
the now well-recognized upper precious metal ore hor-
izon and the deeper base meral ore horizon., This
alevation is the same as that distriect wide botrow of
ore shoots mentipned previously, and as well, the
boiling level marhs the flat bottoms of individual
precious metal ove shoots within a particular vein,
Obviously, the level of boiling cannot remain con-
stant in space or time: 1) Local irregularities in
the paleotopography lead co local elevatioo differ-
ences of the boiling fluid; 2} Mo geothermal system
has uniform isctherms {Ellis and Mahor, 1977} in a
horizental plane, thus warmer solutions in some
areas will beil at greater depths than cooler sole-
tigns in other areas; 1} Similarly, no peothermal
svstem has uniform isobars (Ellis and Mahou, 1977)
in a horizoncal plane, thus completely preventing
boiling ia some areas of the system; &) Deep self-
sealing of the fracture system and its later
refracturing can allow beiling at depths much greater
than allowed under hydrostatic conditions; and 3}
Less commonly, episodic fluctuations in temperature
arnd/or volatile coatent of the selutions camn cause
fluctuations in the boiling level. These factors,
among others, tan cause long vertical intervals of
mixed base and precious metal mineralizatior,

Boiling affects prefivund change in the physical
and chemical stare of the fluids:

A, Significant amounts of CO, end usually les-
sor amounts of H,8 are partitioned inte the vapor
phase, acecording to the simple reactians:

HCO3™ + Y —— CO; (vap.) + 30

#s” o+ HY— H2S¢vap.)
This release of volatiles results in a pH rise in the
remaining solutions. Data of Drumiond and Ohmoto
{1979} indicate that a 1 mole KaCl solution at 250°C
containing 0.10 mole CUz{aq,y (similar o 3 typical
epithermal fluid), will experience & one unit pH
rise by the lpss to the vapor phase of approwimately
3% of the sclution mass. By contrast, simple calcu-
tations indicate that st Guanajuato, approximately
24% wmass loss to the vaper phase occured.

E. The salinity of the remaining solutions will

rise, & result of simple concentration of salts by
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the loss of H,0 steam,

C. Owygen fugacity in the remaining liquid in-
creases as the tatios of COp:CHy and 505 Hp5 increase.
CH; and H3S have a greater rate of partitioning inta
the vapor phase thzn do CD; and 507, respectively
{Drummond and Ohmeto, 1979,

D. The solocien will cool, but much less so
than is comnonly believed. It is true that the heat
of waporization requires eneTgy to convert water li-
quid to water steam, but the larpe thermal reservoir
contsined by the wall rocks will prevent ary major
cemperature drop in the solutions., As the life of a
geothermzl systew is measured in 10% to 16% years,
the already heated rocks will act to buffer the so-
lution temperature.

E. Major loss of CD; and lessor loss of H,pS
results in a rise in the activizy of 5 and HS5™, rhus
leading to Formstion of strong thio complexes with
Au, As, Sb, and Hg (Weissberg, 1969). These com-
plexes are stable to near the paleosurface, where the
higher oxygen fugacity results in precipitation of
the metals.

All of these corsequences of beiling combine to
promote mineral depesition., Drummond and Ohmote's
study (1979}, cited earlier, indicates that most base
metals in solution will precipitate after about 53 of
the mass of the solucion is lost to the vapor phase,
but that about 20% of the seolution must vaporize
before the bulk of the silver will precipitate, As
any pacwet of water will continue teo rise as it is
boiling, with the water bouyed up by bubbles, the
silver will naturally tend to precipitate higher in
the vein system than do the base metals. Gold, car~
ried as & thio complex, will not precipitate until
nearer the paleosurface in areas of high oxygen fu-
gacity, where the thic complex is destroved by oxi-
dation to sulfate,

This single phenomena - beiling - explains the
vertical zoning of precious metals passing into base
metals with depth; as well as explains the early
paragenetic pesition of the base merals se often
observed in these deposits. Furthermore, as the pH
of the solution tises to the alkaline side, the field
of adulariz stabilicy is quickly entered, resulting
in the association of high precious metal values and
high adularia content in the vein. An exception may
be those neatr surface, cool, systems like Geoldfieid,
where the gold is deposited in an acid enviromment,
where clays and/or alunite substitute for the adu-
laria.

But, how can beiling explain the repetitive
banding? At Guanajuato, Tayeltita, and Tonopah,
studies of fluid inclusion merpholegy and distribu-
tion across individual veins or across individual
gangue nminerals suggest that the boiling was episodic,
There were periods of intense boiling followed by
perieds of non-boiling or by periods of greatly re-
duced boiling. Buchanan (1950} has recently documen-
ted six major boiling episodes in a siugle 2.1 cm.
wide veinlet at Guanajuato, with each boiling epi-
sede accompanied by acanthite and adularia deposi-
tion. These boiling episodes were not the result of
temperature or chemical fluctuations, and Buchanauo
{1380) called upen episedic pressure rTelease as the
causative mechanism. Episodic drops in the tocal
confining pressure will allow the solutions to boil
episodically., This results in the episodic pH rises
and precipitation of ore and gangue minerals, As
minerals deposit, the thin, near surface veinlets
trecome filled by calcite, zeolites, clays, alunite,




and otner minerals, effectively forming a sealed cap
to the fracture system. Once sealed, the pressure
incresases (White and others, 1975%), boiline ac depth
stops, and the pH of the solution drops to normal,
Tectonism, or mote likely hydrefracturing, can break
the sealing cap ro allow 2 second episoede of boiling
and mineralization, and later seal the system apain.
In this manner, a repetitively banded vein mav
result with no necessity to c¢zll upon a change in
solution chemistiry or temperature, Such near-sur-
face self-sealing is well documented in modern geo-
therimal svstems (Facca and Tonani, 1967; Keith and
others, 1575, Anderson and ochers, 1978},

The low pH alteration assemblage may alsc be
explained using the beoiling mechanism. Upon beiling,
CO; and Hy5 were selectively partitioned inta the
vapor phase, As these vapors, along with steam,
rise to cooler regions nearer the paleosurface, the
vapors condense and heat the rocks slightly, or mix
with cooler groundwaters, to form a solution of low
oK, This solution then atracks reck-forming sili-
cates to form the white micas andfor clay minevals.
If the solution is of sufficiently low pH, alunite
mav form,

IMPLICATIONS OF THE MODEL

Figure 1 illustrates the wvercical and horizon-
tal mineral zoning in a typical epithermal district,
based upon the data of Table L and of the previcus
discussicon. A major implication of the model pre-
sented is that epithermal vein deposits do mot form
under simple hydrostatic conditions., If sealed caps
epilsodically develop a pressure on the system in
excess of bydrosratic, then when the cap is frac-
tured and the excess pressure Is released, the so-
lutions will boil at a depth greater than allowed
under strictly hvdrostatic conditions. This deep
boiling is only momentary, and the boiling lewel
will gradually rise wuncii hydrostatic conditions
prevail. Evidence that epithermal deposits do form
at greacer than hydrostatic depths is gathered from
the data of Table 1, vwhere numerous districes {Qat-
mdn, Pachuca, Guanaiuvato, Goldfield, and Bodie} have
a greater vertical ore interval than should be al-
lowed under hydreostacic conditions. As an example,
the tempervature of the solutions at Bodie would
allow a low-salinity solutien to begin boiling
at a depth of abeout 330 meters, but the known are
interval fs 400 meters, At the present time, there
is no cercain way 1o precisely caleulate the depth
in excess of hydrostatic.

Large concentrations of wvolatiles in the solu-
tions will aslso allow boiling at depths greatly im
excess of hydrostatic conditions, but few systems
appear to contain appreciable volatiles (Rochester
and Datman mav be notable exceptions).

APPLICATION OF THE MCDEL

1f the model as presented is larpgely correct,

then exploracien for deposits unesposed by erosion
will be greatly facilitated by mapping of alteratior
assemblages along otherwise uafilled and barren, or
filled and barren structures. Also, the depth to a
suspected ore shoot below the present surface may he
estimated by neoting cype and degree of wvein filling,
by noting alteration grades and intensities, and by
fluid inclusion temoeratuve decerminations.

As examples of the application of this medel to

exploration, Figures 2 through > are presented il-
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lustrating wall rock alteration patfarns at Oatman,
Arirona, and Granajuare, Mexice. Alsc presented in
each figure are longitudinal sectioas of the major
veins with outcrops of the low pH alteration assem-
blage plotted on the profile, and known ore shoors

ar depth plotted in section. At Oatman, the low pH
assemblapge is illite and montmorillonmite; at Guana-
juate, it is kacolinite and halloysite adjacent to the
frectures, passing outward into sericite, illite, and
moentmerillonite. Note that in both discricts only a
small percentage of ore shoots cropped out. Also
uote chat the size of the low pH alteracion assem-
blage is crudelv proportional to that of the under-
lying ore shoot,

The data presented in Teble 1 suggests that
similar maps should be made for many districts in
Horch America, snd that many ore discoveries will
likely result.

This author does not wish ro imply that boiling
is the only explawatiorn for many of the features of
epithermal deposits, but bolling does offer a genetic
mechanism whereby most observable features may be
connected, However, as an "orebody" by its very
definition is an anomaly, it should not be unexpected
chat some depesits will vary drastically from this
model of a typical system, nor should it be surpris-
ing that all deposits will wvary in some degree from
the model.
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NOTE: MANY LOW pH ZONES ARE
TOO NARROW TO BE VISIBLE ON
PLAN MAP.

FIGURE 3A4: PLAN VIEW OF S.E PORTION =
OF THE GUANAJUATO DISTRICT SHOWING
WALL ROCK ALTERATION OI 0.5 10 KM.
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PRODUCTLUN GRADE (1) ALTERATLON ASSEMBLAGES
LISTRICT Au Ox, |hg Oz, | Au [¥] BASE JTONMAGE HAIOR OHE HINERALOGY ORE SH{xIT
(1} 3 |oe/T {oz/t JAumg jretaLs | alo® HOSTS AGE 0F VEIN PROPYLITIC] POUTASSIC { ARGILLIC | PHYLLIC JALUNITIC | SILICIC RATIO
L)) 14} - Aot:¥rre
e, Ad, 5=, EL,
FIOCENE La- Ca, tare Py, h
OATHAR, TIiTE, mnvy, Fl
HOHAYE CO., 1.2 0.8 0.58 0,17 | z.8:1 0 3.8 DIxEs & rurp | MEOCENE x RO Ly X x b 1:2 to 102
ARLZONA i1l
MI0, -¥LIO, Ad, Qr, Rb, Fe,
Rs, Ca, 3¢, Ch,
PACHUGH, ANDESLTE, El, Ba, 5n, Gn
HIOALGO, 8.2 1500,0 ] 0,06 [15,0 |1:200 1% 100.0 DACETE, FLIOL? {00 FRe e B % % X X RO x 200 te 6l
MEALCO RHYOLITE B, Cr.
DIXES
13,7 |4 gEL T, Ar,
COMSTOK, 1:23 ] wmer KIOCEKE ta 2"- ';"- il":' ivs-
STOREY ©0., 8.1 wo.0]oa1 ] 9.9 ] to 1 15,1 AWDESITE 1.k s'-:' ?T;- « i X Ha % ¥ X b4 117 go 211
NEVADA 1140 m. ¥, ¢
OFFER= OLIGULCERE Ad Ca, P
o AFDES,, RNY.J et E;' o 5:'
CUANAJUATO, DEEF= {APPROX, [ LATITE; EO- | 28.4 Ar, AL, He, i,
CRUAMATUATE, 1.5% BLs.0 | o.os 1,0 | 1:200| 1o 70,0 CENE RED m, ¥, Gu. Cp. SP' ¥ H X % i) X 1:1
MELLCO BEDS; CRET. o 1llee
SHALES
HIQCEHE Ad, G, Ca, Se,
AHDES, FLLWS ] Atr, Rh, Py, Cp,
TOMOPAH, 1:80 | WDER RHYOLITE 19.1 gn, 5n, Ka, As,
WYF cO, 1.86 | 17s.0 o,z o7 e 2 8.80 | TURFS By, Ba, Re, Re, Pl x X A x Ho X Lel wa 1:3
HEVADA 1:11¢ .
. EVIDEHCE OF BOLLING
Th | vERTIcAL] T PSEODO- | VERTIGAL VEIN HAX,
DISTRICT W pH | ORE SHOOTS | VERY FLME- FLULD salTH-| oc | zomatiow| worrus AFTER]  oRe ATTITUDES VEIH
CAP TO | WITH FIAT | GRAINED INCLUSION 11y | 8 CALCITE EXTENT WIDTHS COMMERTS REFERENCES
PRE  JBOTTOMS (5}  QUARIZ DATA (6] 7y m, o,
SOME MINERALIZED STRUC- SCUKADER (1909
TIRES NEF SOUTH RANS L9317
GATHAN, x HuD=di St AVE. | RARE ALUNITE IN LLLITIC MR (192)
MOHAYE CO., 1111¢s X % ¥ES, 220 RONE b4 G 7a-R0 M H CATS CLIFTON & GTHERS (1960}
ARIZONA oy M. | ORF HOR1ZON DOMPD WITH FERSOMAL STWDY (1950)
RELEASE?T 0 AIGHER Ag:Au EATIO ON
FRINGES OF DISTRLGT
BASE Mo 5-90W 405 -90 VEINS PINCGH UTWARD TO DREIER (1976}
HETALS AVE. CALCITE & QUARTZ STRINGERS| TIORNBURG £14951)
FACHUGA, X 200 | LHCREASE HOO-20E T0W-90 L1 [ aMh ARE 507 COOLER TWAM FRIEDRICH & HAWKES {1966}
HIDALGO, phyliic X X ES to wITH x 400 FAX. | TWAN IN ORE HORIZON, BASE | GEYNE & OTHERS {1961)
HEXICO SEME AT YEI¥ 250 | cErmu N50E BQS-60N 3 METALS EARLY IN PARAGEN-
TOPS ES1S
AVE Th FROM OWE SAMPLE DEEF WHITEBREAD (1976)
COMS TOCE, 14 250 N 1K VEIN SYSTEM BASTIN (191}
STOREY 0., claya % X to HUNE X sl0 NHE 45E 2.3 | VEIKS ASSOCIATED WITH ALBENS & KLEIMMAMFL
KEVADA 360 t¢ | CALDERA COMPLEX, ZEOLIT- €1970)
4.2 IZATIOR OF WALLROCKS BOMAAM (1969
REFORTED PERSOMAL STUDY {19ED)
BASE BASE HETALS ARE BFLOW THE | BUCHAHAN (19803
GUANATUATO, X UHIER ¢ METALS H-5 to HLS5W LFVFL OF POILING WITU GROSS (1974%)
GUANAJUATO, phyllic X SOHE s 1 230§ INCHEASE X &850 45-700 to 100 PRECIOUS METALS AB(VE, ANTUMET (1964}
HEXICD WiTh 45-70E BASE METALS ARE TARAGEN- FERSONAL STUDY (1977-#0)
DEFTH ETICALLY EARLY
AASE ORE HORLZOW DOMED WITH SPMR (1905)
TOHOPAY, X yroze | 260 | METALS HIGHER Ag:Au HATIO OK TATLOR (1972}
wYE <0., phyllic * X ES 1 wrd | [NCREASE x 185 KIQE, 70-90K 12 FRENCES; Th = 2.0 FOR HOLAR (19753
NEVADA 8% wITN FRECTIOUS METAL STAGE ARD | FAHLEY {ver. cowm., L9613}
DEFTIL 265 FOR BASE METALS AURGESS (1909}
‘ COUCH & CARPEMTER (1923)
TABLE 1: COMPARLISON OF EPITIERMAL DISTRIGTS N

SEE LAST PAGE OF TABLE FOR ABBREVIATIONS AND NOTES
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PROMUCTICH GRADE (2) ALTERATION ASSEMBLAMES
DISTRICT e Oz, Vhg o b A Y BASE | TOMMAGE HAJOR ong WIMERALOGY ORE SHOOT
(1 ¢ty Joz/T loe/T {Auiag rETArs | ao® HOSTS AGE OF VEIN PROPYLITIC| POTASSIC | ARGILLIC| PRVLLIC | ALWITIC | SiLicic RATLO
T (3 (43 Ant :Vert
Qr, 5S¢, ¥Xa, PBb,
Au, Py, t8, To,
i A
GOLDEIELD, ower | ovEr HIGCENE 21,0 Be, fio, AL, T
ESHMERALDA CO., 4.2 1,65 0.79] 0,31 3:l L 5.1 DACITE AND . PR X O X X x *
NEVADA ANDESITE
Mo, ~FLIO. Ad, G, Ca, Rb,
LATITE, RHY- Ar, El, Ba, Py,
SILVER FEAK, aLItE, uruer | Se, Cp, Go, Ag, 51
eseEraLon Co., | o.1e | 3e.ws | clo3]sios friasal a-s 4,6 JTRACHYTE, 6 st x ? X X no? H FOR 16:1 VEIN
KEVALA ANDESITE @ y.
FLOWS
CLIGOCENE Ad, Qc, Ca, Ba,
\YEEDE, AVDESITE AND Dhy Se, Ar, An,
MINERAL TO., 0.16 | 818 [ 0.0Rf25.1 Fraso0 5 1.1 RHYOLLTE OLIG, F1, 54, 6n, S5p, x % x b HO X [
COLORADE TUFF ag, by, Feo, Te,
Fa
MIGCENE LAKE Ad, Or, Au, F1, .
RO MOUNTALN, B BEDS, RHYO- 5.0 | Fye As. ¥e. Ca,
WYR co., 0.8, | o.26 [ o0e] nodio2 ]| oo 12.7 LITE TUFFS, a y, | Ae Ee X % x % b3 bt
NEVADA TGNIMERITE weak Xaolln |Serictee
adularis
ad, Qc, Au, Rb,
A He, B
TIRERA DIST., JAPPRON.J APPROX, APPROX. b TERTLARY 13-16 F?' _,\"’ S” Ef"
SAN JUAN CO., | .15 u.d |ooe] 28] a7 ] 78 ERS QUARTZ CHER o P X 1 X X O X 1:1 to 1:1
COLORADD LATITE TUFF ’
AND LAVAS
EVIDENCE OF BOTLING
Th | verziean} or eseumo- | vERTICAL VEIN AT,
DLSTRICT TO- ph | OHE SHOUTS | VERY FINE- FLUID saLiM-1 o¢ | zosaTiou| morPws APTER] oA ATTITUDES VEIN
AP TO Lumt FLAT | GRAIMED cuusion | ITe | (8) CALCITE BXTENT WIDTNS CORENTS REFERENCES
ong oTTes (53] QuARTZ BATA (6} (73 o, @.
Solutlons BASE ALUKITE 15 A GANGUE HIN- | ALKERS & ELEINWAMPL (1370)
GOLDELELD, X Bollad 200 HETALS ERAL, ¥WEINS ASSOC, WITH TAYLOR {1973)
IHERALDA CO., |alunite x x Buring tu | INCREASE 308 NS TD MW, CALDERA, BOILING 15 WOLED | RANSOME (1909)
HEVADIA clays Lov pH 200 wITh Wor1z, To vERT| 5% TO OvER 330 M, DEPTH, TOLMAN & AMBROSE (1914)
Alteration DEPTH GULDFIELDITE & TELLURIDES | PEHSOMAL S5TiY (1960)
1N ORES ASHLLY (1981, verb. comm )
BASE OATA FOR VOLCANLC-HOSTED | ALEERS & KLETNHAMPL (1970}
METALS UEFOSITS ONLY, SILICLFI- |SILBERMAN & MOKEE (1974)
SILVER PEAK, X INCREASE CATION DECREASES WITH AHORYHOUS {1980}
ESHERALDA CO,, { Phyllic X X YES Wil 152 WE, N &5 bIe| 9 BEFTH, YEINS ASSOC. WITH | pErSowAL STUmY (13850)
HEVADA DEFTH CALDERA
BASE INGLUDES BULIDOG WETK, WETLAUFER & OTHEZRS {196%)
METALS HIGHEST GRADE ARKAS ARE | JACKSQM {1974)
CREEDE, x YES INCREASE H-5 TO NaOW STRONGLY ARGILLIZED, tON-
MINERAL CD., illice X MEAR VEIN 50 LTt o 4L0-405 AMETHY, HAGE GIVEN IS5 MIWED AMD
COLORADO TOES DELFTH S0-60N ALPHA-C, PRCHABLE, CHEVAOM OEPQSTT
HOT THCLUDED , VEINS ASSOC.
PIT CALDERA
IHCLUDES SHMOKEY VALIEY FERGUSON (1917)
MESEAVES, VEINS ASSO0L. PALKARD {1B07)
A0 MOUNTAIH| ¥ ¥ES HEOU WITH CALDERA, BEST GRADES |COUCH & CARPEWTER (1541)
WYE Cu., alunite x BELOW PRESENT, 125 ASSOC, WLTH ADULARIA BERCER {1980}
NEVADA ALUNITE BUT RARE VW, HORLZ.
EasSE FRODGUCTION 15 APPROY , | LARGSTON (19]9)-
METALS FRE-FRECIOUS METAL Th 15 | CASADEVALL & OHMOTO (1977)
EuRERS DIST., 285 | INCREASE 285-290 OC WITH SALINITY | BURBANK & LUMDKE (1969}
SAN FuAH €O, , ¥ X HO 0.8 to eyl 410 HIOE and HHOW | &VE. MoF 0.1-1,%%, ORE IN REMDS
COLORADD 193 | peemy 0 fIN YEINS AMD IN VELN
IHTE RSECTIONS

TABLE 1, CONTIHUED
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PROTAICT 1O CRABE (2} ALTERATION ASSEMPLAGES
P
DISTRICT hu O, fAg Da. | Au Ag BASE TONWAGE HAJOR QRE MINFRALOCY DRFE SHIXTL
{1) (1} ot/T 10e/T |Auiag JMETALS %10 BOSTS AGE OF VEL1H FROPYLITIC| POTASSIC] ARGILLIC| PHYLLIC pALUNITIC | SILICIC RATLO
% (3} {6) Ror:Tere
HICCENE kd, Qr, Au, Ar,
QUARTZ LA- Tr, Ag, Py, Ha,
ALRORA INRER TITE, AVDES. 10.9 Cp. Cs
HINERAL CO.. .51 o0l 2,28 | lo.0] L:rl4 1 0.a82 FLOS AHD l;os ' % x X L
b Setleiee
HEVADA N
BRECCIAS @ .
MIDEENE Ad, Qcu, Auw, Ca,
GOLD CIRMAE UNDER PHYGLITE 15.0 Ar, €p, Rb, Ch,
(+ODAS), o1 | 163 Jo.3t |a.s |rats 1 0.4 FLWS(1) AHD | =, y. Te: Sro Py, Ae, X X7 X % IR TR |
ELKG €O, AKDES . FLOMS sr, F1 .
NEVADA
TERTLARY gy, ta, €p, Ar,
. ANDES, PLUG, 15,0 Rp, Fy, T, Da,
CORMUCORLA, RHYCLITE Bg, Sn, Gn, 5p X MO % X X
ELES £0., 0.13 | D0.762 | 0,43 J26.6 | 1:68 Q 0.031 m oy, o 30, Cn,
NEVADA Cleome to {Clove ro
ore ate
HIOC?“I"E Ad, Or, Ca, Cc,
RIYGLITE
RULLFROC, 1:8 [ \MOER precolas A | s.g | MR ME T
HYE CO., 0.1z c.8% g4 | 3.0 e 0.1 0.29 FLEME ® v x X X
NEVADA 1:16 heeoc. w'1
ore
HIOCENE 4d, Qu, Au, Rb,
JARBLUGE RHYGLITE 12,0 |4z, Cp, EL, Ba,
EL¥Q CO,, 0,12 1.28 [o.49 fi.a 1:3 0 0,89 ASH, FLOWS, @, y. | By, FL, s, Se, X % % % X
NEVADA BRECCLAS ’ cs, T1 aduluris |
EVIDENCE. OF ING
i BOLL Th | VEATICAL| QT PSEOODO- | VERTICAL YELIR HAX
LM pH | ORE SHOOTS | VERY FIME- FLUID SALIN-] B¢ 1 ZOWAT1ON| HORPHS AFIER) ORE ATTLIUDES vE
D1STRICT P IH HE
CAP 10 | Wi FLAT GCRA1NED LHCLUS LON LTY {8) CALCITE EXTENT HIDTHS COHPENIS REFERENCES
ORE  JROTTOMS (5) QUART? DATA (6) {7 m, @,
ASSOCIATED WITH CALBEAM ALBENS & KLELINIAMPL (1970}
AURORA Hid- 508 45-605 COMPLEX, Ag PRODUCTEON IS | RDSS (1961
MIMFRAL €41, ¥ES, % % 1107 24 AFPRON. SILRERMAN & HOKEE (1974)
wivana | torayr HED-B0F SOME QRE SHOOTS WITH FLAT { COUCH & CARFENTER (1941)
. TaFs
SAID TO BE CHALRY HEAR | ROBEWIS & OTIERS {1971}
GOLD 1r:}\;kr:l.t: % ORE SHOOTS CRANGER & CUERS (1957}
(H‘élml. Fhyllic x SOME % 183 HI0-60W 65H-90 | 4.6 ROTT (1931}
Riuu;n., SIRDRVAN {1912}
ORE LARGELY CEIDIZED , GCRAHCER & TDERS {1957)
CORMUCOETA, X SOME ORE DISSEMIMATED iN ROBERTS & OTMERS {1%71)
ELED CO., Serdelte X HIBE B3R U6 HOST RIKES
HEVADA Kaolin
GRADES ARE AFFRONIMATED, ALBRES & ¥LEINHAMPL {1970}
BLULLFROG, £ avER HEDE 70w ORES INSIDE ARGILLIC WALO, { TAYLOR {1971)
NYE CO., Clays % % 124 H-§ 10 VEINS ASSOL. WITIL CALDERA [ CORMWALL & RLEINUAMPL
NEVADA NIOE (19b5)
RANSOME & OTHERS (1710
HUCH ADGLARIA 1M VEINS, ROREATS & OTHERS (1971}
IAREIDCE, "Hortheriy" wf GRADES ARE APPRIXIMATID GRANGER & OTIERS (19570
EL¥D €0, £ x X 280 weat dipa, 10 SCHRADFR {1921)
HEYADA H to WY, BOE

TABLE 1, CONTIMIUED
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FROULCTTO8 CRADE (2) ALTERATION ASSEMBLACES
NISTRICT hu Oz, {hg Oz, Au by RASE TOWHAGE A JOR CRE HIXTRALOGY ORE SYDOT
48] {11 02T |02/t |Aung Jretais | wi0f NOSTS AGE OF VYIN PROPYLITIC] POTASSIC | ARGILLIC| PHYLLIC | ALwwaTIC | s1LiG1C RATIO
% (3) ) Hor :Vett
Ad, Qr, ta, Tc,
ROCHESTER, PERMO-TRIAS . 72,5 Se, At, kb, Fl,
PERSHING €O., | D.078 § 8. 80 [o.086| 9,74} L:113 ] 0,02 a.91t | RuYOLITE 3] Py, Sp, Cp, Po, % X KO x X b 5:3
MEVADA 78.8 As, AL, Te Sericity MIKOR
. Y.
UNUER TERTLARY Ad, Qr, Ca, Ar,
[} AHDESTTE & Py, Te, F1, Gn,
HINGOLLOK, EXCEPT WIY. TUFFS, Sp, Cp, Mo
CATRUN €0, 0.1 13.2 a.22 10,4 1:58 N .19 Lepemis, BREC- HIG, (1) * X X X Ho 4 1:1 1o 1:3
FEW MEX1CO DEEF CLMS & DIFES edularia
LEVELS
H10CENE Ad, Gt, Ca, Ar,
AHMESITE AND kb, El, Sn, Py
BODIE, VERY DALITE, 4.5 sp
HONG L0, 1.4%6 T.i8 115 Lo DALITE FLUGS ™ X X xY %
CALTFORNLA LR
EQCENE-OLIG. ad, Qu, 8, Ar,
TUS CARDRA | 144 RHY. TUFF, Rb, Py. 5n, En,
ELED LD, [T a3 | te.8] o Q.02 0425 | ampEs, vuow, | 0.0 Ba, Gn, Sp, Cp, } x X 4
WEVADA [ Lels] ANDES. PLUG L T Cy, hu, Ag, As adulaciy
TEATLARY 44, Qr, La, th,
NNESITE
TAYOLTITA OVER b kt, Sp. Rb, EI,
DURANGD , 6.2 {ae.o Jooszfres] s 1 12,0 s:'g‘c"- Eiﬁg"ﬁ OLIGO- | Au, Ag, Py, Cp, X X x 321 to dis)
MEX1CD L17E PoRPH. | CEME ] Gn, St
YRY
EVIDENCE OF BOLLING
Th ] VERTICAL| GT PSEUDU- | VERTICAL VEIN HAT,
Lv pH | ORE SHoovs | vERY FINE- FLUTD SALIH-] ©oC ) TOMATTON] MORFHS AFTER] ORE ATTLTUDES VEIN
DISTRICT P 1 .
CAP TO | WITH FLAT | cratwen | Dicuston | 1Tv | (8) CALCITE EXTENT winTHS COLEENTS REFERERLES
vkE  roTTons (53] qaRR DATA (6} (7} w. =,
SILVER AWDALUSTTE - DUMIRTIENLTE VIKRE (1%97H)
ROCHESTER , YES 170 VALUES AVE. ALTERATION HEPORTED, KHUPH {1974)
PERSHING CO., S I3 b4 Loss oF & to | becruase Wo H to NIOE ] BULY TONMAGE FOTENTLAL
HEVADA Fhyllic €0, 3N w1Th D-7O0M HAX, HOT INCLIMED, SOLUTIONS
DEPTI 13 BAD 15-20% L0, ROILING
15 CUy RELEAS
BASE UT VEINS FASS UPWARD TO FERGUSON {1921)
MOGOLLON, HETALS HEOW 7589 A OVELNS KAMILLL & OWMOTO (19773
CATRUN CD. , Mot % LTHCREASE 4 165 10 PERSUNAL STUDY {1977}
WEW MPXICO wiTH HIQE FOS
DEPTH
SALD TG hu, Ag ASSOCTATED WITH CALDERA ALBEKS & KLEINHAMUL (1970)
BODTE, BE 115§ vAaLes H&0-FOE CUMPLEX WHITE {1474}
MOHG €0, BLEACHED H X to [DECREASE 400 SAWRINS {1980}
CALTFORNTA NEMR 245 WITH HI1OE PERSOMAL STUMY (19807
ORE DEF T
ADULARTA ASSOCIATED WITH [GRANGER & OTUERS {19537)
TUSCARURS , HICHEST Au YALUES, BULX ROBERTS & UTIERS (1971)
FLKO CO., X 1o MEDY SO-ASW POTENTIAL MOV TRCLUMET,
WEVADA Sertcit MU OF Au PRODUCTION 15
¥ROM PLACERS
BASE WALIHOCKS SA1D TU RE MLBI-|ALBINSOR
TAYGLTITA 3 1.1 METALS NLOW, &5-85E TIZED, FLUIDS BOLLING ONLY|BROCUM [1271)
DURARGO, ] UITH POST- N TES to 26% |INCREASE 600 13 TN AREAS OF MIGHER Au AND |SAWKINS, 1980, werbal com.
M 120 ORE 5.4 WITH NuD-7DE, Ag VALUES AND AT VELN TOPS|SHITR (1974)
TILTIWG BEFTH 40-80W VEINS ASSOC. W/ CALIERA SMITH & OTHENS {1979}
ORDOKEZ (1972}

TABLE 1, COWTIWGED
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PRODUCELON GRADE (2} ALTERATION ASSEMBLAGES
PISTRICT Au Dz, [ag Oz, | Au Ae BASE | TONNAGE HAJOR ORE HINERALOGY ORE 5P OT
o) 0y |eest Youst |namag Pemans | wic® HOSTS AGE © DP VEIN PROPYLITLIC | POTASSIC | ARGTLLEC| PVRLIC | ALWITIC | sTLicic RATIO
(3 (L) Aor ettt
OLIGOCENE Ad, Qe, Cp, Ca,
B HHY . TUFF, He, Mu, Te, Ar,
REPIRALIC, uMnE kg, Sn, Py, AL -
. s boowshzoe] s 1 2.5 AMDESITE TUFF| oLId, g, 3n, By, . x X X I x 1.0
povee | o] e S
AS LATITE PORTH.
CRETACEQUS Ad, Gt, Ca, Rb,
AROUT SilALE & LIHE- AT, EL, Ag, Au,
FRESHILLO, . . STUNE CAPTED ¢ [P se. cpy o, X
ZACATECAS, 0.3 | 0.5 1:646 BY coNgL, & | OMIS-T hpo ar, 1 1i1 re 3:1
MEXICD HISC, VOLCAN-
1C5
OLIG. -HIOWBKE Ad, t, Ei, Au,
DACITIC VOL- 5n?, Fr HINOR,
n?sri:NN "(;%.L' 0.09 ? 1.0 Jr.s 1Ll o 0,13 |GRMLCLASTIC  IM10CENE X X 1IN VEIH N o X
CALIFORALA ' SHALES & Adularis | FOOTWALL
LIr CONGLUMERATE,
AND AGGLOM, -
TERTLARY RHY, Ad, Qt, E1, Bb,
PLUGE, FLOWS cu, Py, Au, Ch,
SEVEN TROVLHEL, & TUFFS, 14.0- AT . N
PERSIING CO. . 016 0.996 1.2 B4 15,4 Q O, L52 BASALT FLOS 1.1 X X X X X L:1 to 5:8
WEVADA m. oy, Kaglln
HIOCENE Ad, (r, Ca, Rh,
RHYOLLTE tocest |El. Py, As, Cp,
NATIONAL, APPROX . gAPPRON . . l-'“?“ o.11s |oreEs. LaTITE " %CR St, Gn, 5p, Se. x x x x 1:2
“muoalf&‘;)fo- . 6.18 0,18 2.8 2.8 L: ’ FLOWS voumcen [ Por ST Adularis Serlclee
EVIDENCE OF BOLLING T | vERTicaL] GT PSEUDO- | VERTICAL VEIN KAT.
LW pH JORE SHOOTS | VERY FINE- FLULD saLIN-| °c | zowaTion| xomrrus arrer]  ore ATTLTUDES VEIN
DISTRICT P COMMENTS
CAP TD ] WITH FLAT | GRALNED INGLUS TON 1Ty | (6) CALCITE EXTENT WIDTHS REFERZNCES
oRE JRoTToMs (5)F QUARTZ DATA (6) (1) . =,
Au DE- MANY FLUTD IHCLUSIONS WITIL | MUFSSIG {1957)
REPUBLLC CREASES KID-BOE $E DLIF 100% VAFDR, AVE. VETM 1.0 | FULL & CRANTMAM {19&68)
rERRY o0 x SEE CALCITE X 760 13 |, WIDE, FAY WAVE STACKED | RANCROFT (1916}
w\snwc.mr'l HOTES THCREASES HIE-HIDW A% to TRE LEVELS, ORF SHOUTS AT | IMPLERY (1910}
WITH BOE DIp BENDS CONCAVE TO FOOTWALL,
DEPTH SILICI?. DECKEAS. W/ DEPTH
BASE SOME STUBIES SHOW BOILIMG | PERSOMAL STUDY {1977}
METALS ) EVIDENCE, OTHERS DO KOT, DE CSERMA (1976}
FRESNILLE, N-:F;S IHCREASE 1000 E-# 1., [PLTERATION HOT REFORTED, | LGMTHER (verbal Com.,
LACATECAS , 2 WITH L0455 45-90s . ILAS MANTO REFLACEMENTS IN 1977-78}
MEX 100 DEPTH CRETACEOUS LIMESTONE ORDOREZ [1973)
EXCL\DRS BULY¥ POTENTLAL PEASORAL STUDY (1980-81)
. OF 190,000 T OF 0,054 Ay
MAYDEN MILL, HEBW 60 -BON ? 6 0.45 Ag,
LASSER €O, SBE ® L4 HONE x 120 DISTPICT APPEARS DEEPLY
CALIFORNIA NOTES AVE. ERUDED, HAS NO LGH pH CAP
Q.3 OR HALD
GRADES ARE APPROXIMATED, | BRUCE (Verbal, Couw., 1961
HAS INTRAVOLCANIC ALTERA- § PERSONAL STUDY (19&0)
SEVEN TROUGHS , 260 AVE.
PERSHING €O, , X SOME. ¥o o NOKE % 1045 ®OD-10E 5.9 TiOM, OKE I[N CORCAVE BENOSE KFORLER {194n)
N Phytlee Y TO HANGING WALL & IN STEEFN RANSOME (1909}
PARTS OF VEINS, MOST Th SILBERMAN & MCKEE (1974)
READINGS CENTERED OM 2607
OFE 1N CONCAVE BENDS TO LINDGREN {1215}
HANGING WALL, TUP OF CRE | CDULH & CARPENTER (1943}
NATTOMAL, 15 18 m. BELOW SURFACY, WINCHELL (i9t2)
HUMBOLDT €O, STIBHITE MOST ABUNDANT ROBERTS & DTHERS (1971)
MEVADN x 145 H15E-NI5W, 1.% SULFIDE
50 - 80W

TABLE 1, CONTINUED
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R T
FRODUCTION GRABE (1) - ALTERATLON ASSEMBLAGES
BISTRICT Ay Oz, Jag 0z, | Au Ag BASE | TONRAGE HATOR QRE HINERALOGY CRE SHOOT
(1} 1) 0/T [02/T |Auihg [HETALS | 210 HOSTS AGE oF YEIH FROPYLITIC| POTASSIC | ARGILLIC| PHYLLIC [ALYNITIC | sSILICIC RATID
1 {3 (i) HorVert
1.5 80.0 TEHTLARY
HINITOR, HOT HoT 40.0 ) muroLITE 5.0
ALPINE 0., [ MINED LMIMED g g | 20| 1:33 | vearLy| WO PLUG AND o v. % X % X x
CALIPORNLA 0.009 Q.15 1 MIHED BRECCLA sdularin Sericlee
MINED §MINED
MIOCENE RHY. Ad, Qr, Ar, Rb,
GILBERT ASH & POA- Au, Cy, Ca, Py,
¥ PILYRY 3,0 tp
ESHLBALDA O, , ] 0.0 Wit 1,75 | el a 4.004 ADESTE w v X b3 x % x
M ATIA
MIOCENE Ad, Qo, Py, Ca,
ANGESITE Ar, Cp, Cy, Au
HAHSEY- 1MCER FLAMS & 10.0 '
TALABDOSA, v.07 | 6.6 a.89 Jars | 1195 ' 0,09 | vikes, mrv, | . g X b X b
LYON €0, Raolin
HWEVADA
TEATLARY ot, EY, Py
ANDESLTE,
CENAR KT, , APPRUR . .83, |DACITE TUFE, X X x? X
MINERAL CG., 0,03 | 0,68 [o.06 Jo.e1 ] 1:20 a . QUARTZ LATIIE ?
NEVADA
HIOCERE RIIY., &4, Qr, Ar, El,
DACTITE
RAVHIDE, AHDESTTE .o e O
HINERAL €., G051 0.697 | 0,12 7.9 1114 0.2 0.0 ci X X X X
HEVADA i6.0
n, y.
EVEDENCE OF BOILING
Th | VERTICAL} QT PSEUDO- | VERTICAL YETH MAX,
LW pH | ORE SHOOTS | VERY FINE- FLUID SALIN-| ©¢ | 20NAT1ON] HDREHS APTER ORE ATTLTULES VEIN
DISTRICT &
P 70 | with yrat | crainED LHCLUSION 1ty F (&) CALCITE EXTENT IDTHS COMMERT S REFERENCES
ORE OITOMS (53] QUARTZ DATA (6) (7 o, m,
BULK TOWHAGE RESERVES OF | SILBERMAN & HOKEE {t974)
WONITOR ZACA MINE INCLIDED
ALFINE CO,, CLAY X HINOR PERSOMAL STUDY (19403
CALTPORNTA HALD .
SAID TO B “BLEACHEDR" STLEERMAN & MUKER (1974}
GILBERT, OVER NaSW 60-90U 1 WEAR ORES, MOST ORE IM ARCHBOLD & BLOMGULST (1969
ESHERALDA CO., X X X o H-5 50W 12 DADCVICLAN LIMESTONE HE- FERGUSON (1918)
e HIDE BOW 1 LOW VOLCANICS, SOME IN
ANDESITES
Au PRODUGTION IN PART EILBERMAN & MCKEE (1974}
HAMSEY- FROM ILACERS, DATA COUCT & CARPENTER (1943)
TALAFOOS A x OVER TNOLUDES COOSBBERRY MINE, | WISSER & LINDSEY {1966)
LYON (;0_" Qay SOME YES 171 b H) E-W 55-655 8,5 ™ FROM CODSEBEKRY PERSONAL STUDY
HEVADA
Ag PRODUCTION AFPACHKLMATE | KMoPP (19273
CEDAR MTH. ,
MINERAL €O, %
HEVADA
HIGHEST GRADE ORBS ASS0C- | SILEERMAN & MOKEE (1974}
LATED WITH RAOLIN ¥OS CMMANN & BERGENDAMT.
FAWHIDE, x (1964}
HINERAL 0., Faolin ROGERS (15113
HEVADA OONICH & CARPENTER {1941)

TAELE 1, CONTIMUEDL
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TRODUCTION CRADE (D) ALTERATION ASSEMBLAGES
DLSTRICT Au Uz, [Kg Oz. | Au ig TASE J TONNAGE HAJOR ORE MINERALOGT ORE SHOOT
(L} {1} 0e/T |orir {auzay |mTars { s10® RS T3 AR OF VEIN PROPYLITTC] POTASSIC | ARCTILIC | PHYLLIC |ALMHITIC | STLICLC RATIC
I {1 (4) Hor tVere
HIOCENE Ad, Qr, Ca, Au,
BONENLA, DACITE POR- Py, Cn, Op, 5P,
Latg/povatas co.] 6.031 | 0.033 16 ] 0.0 ) EHERY; AN- St, Ba, He X x ] X A Uit eo b3
ORECGN DESLTE FLOM, Kaotin
BRXCCIA &
TUFF
TERTIARY Ad, QE, Ca, Au,
SEARCHLLGE QTT. HONZOM, Gu, Py, Ce, Wu,
CLARK ¢O. , 0.247 | o.z20 | o.aa | aar} 121 0.3 0.469 ;:gﬁi AN- Se, €l x x X x X 3y
HEVAI'A Adulacia
TERTLARY RRY. Ad, GE, Ca, AT,
MORATE 12 TOFF & FLOMS Au, Py, Bu, p,
, :
FERN CO., te | »amon rLio,7 { 5¢. G0, Je x x x
CALIPURNTA 1:12
OL1G. ~H10CEHE| Qt, Ba, Ca, Ag,
eaLico, 1 te |"mon- LACUSTRINE Ar, Rb, Te, 5t,
§. BERMARDING OO 0.0l4 | 17.5 1260 | ERATE" TUFFACEDUS waocene | 3t e B Py x X
CALIFORNIA SED., VOLC.
TUFF & BREC-
ClA
GREAT BAARIEN EOCENE -MIO. qt, Ar, R, EI,
LSLAID L ANDES1TE TUFF Py, As, AL, Cp,
41,5 123000 to 3 & BAECCIA, | pigo, | On, Sp. Ma, Ca. % X % x x
WEW ZEALAKD 1:30 DACITE, RRY, th, Se, Re, Ad, Aduleria
Sa
N
EYIDENCE QP BOLLING
Th ] VERTICAL| qr PsEuvo- | vERTICAL VEIH MAZ,
DISTRICT LW pH [ ORZ SROOTS | VERY FINE- FLUTR saLti-| o¢ ¥ zowatiou] morpus ArTER]  oRE ATTLTUDES YEIH COMENTS REFERENCES
P To | wimw ;zar| crainen wenuston | try | (@ CLLCITE EXTENT WIDTHS
ORE_ [surioess (53  QUARTZ DATA (6) [6)) m., a,
BASE, ClLAY DECREASES AMD SERE- MACDOHALD {19083
BORFMIA, Iﬁm! AVE CLTE IMCREASES WITH DEPTH | TABER (174%)
[LANE/DOUGLAS 0. F3 x 100 KA5-90M 60-705 L [N VEIN WALLS, WALLS SALD
OREGON VITH ) “RIPACMED" NEAR ORE
- DEPTH
HUCH PhMomy, 1IN OKES, SOME [ PERSORAL STUDY (1980}
SEARCHLICHT, FLAT VEIHS PROCTOR & GORAIBAEU (1217)
CLARR CO., 4 X 135 N6SW SW DLP 15 COUCH & CARPENTER (L943)
KEVADA CALLACHAK (1939}
PYRITE SCHROTER {1935)
HDHAVE , INCREASES
KERM €O, , x WITH X 110 W4, B & W DIP 2
CALIFORNIA DEPTH
DATA EXCLUDE 49.0 MILLIOH | PRASONAL STWDY (1962-R0)
THS QF 2.7 Ag CZ/T0W AT
ciLico, :
S. BERNARDIND € " WATERLDO & LANGTRY WITH
CALLEORNIA HUQH BARLTE CAKGUE, TIE
COMPANY EXPECTS 65T Ag
RECOVERY
LREAT EVARIER TASE hg PRODUCTLOH APPRONTIMATE ] EMMONS (L1237
[SLAKD, Sericit HETALS ZEQLITIZATION DF WALLROCKS | RAMSAY & KOBE [L974)
.:;.n‘;n v x IMCREASE Fas-B0W, NOTED, Ag DECREASES WETL WEISSBERG K WODZICKI
KEWd ZEALAND WL x 465 OIFS 40-A05 it} OEFTH, PHVLLIC PUST-DATES {L970)
DEPTH AND 80N FOTASSIC ALTERATION AS AT
GUANAJUATO

CABE 1, rONEINUED
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FROLLUT L1 Chater (23 ALTPRATION ASSEVBLAGES
BILTRICT Ao Oz, JAg Ur. ]| Au Ay HBASE | TOMAGE MAJOR ORE MINERALOGY ORE SHOOT
Y] [} OgfT [osdT [Authg JHETALS zl0 HOSTS AGE of YEIN PROPYLITIC] FOTASSIC | ARGILLEC| PIYLLIC [ALIKETIC | STLICIC RATIO
1 (3) (4] Hor:Vetc
TEATIARY Qt, Ch, Az, Ag,
GUADALUPE ¥ arraox larprox, KPPROX. | AMDESITE Au, Py, Gn, Op,
ALy, 7.0 6.0 Y1218 Jis.6 | 1:a0 | RARE 1.7 FLEWS oLlG.? §Se 3 X ¥
CUTTURIA
FEXLILO
EOCENE Gt, Ca, Ar, Au,
ARDESITE 9.0 El, Te, 5n, Fy,
QCAMPD, . ;
QULIEAINA, 6.175 } 6.65 |p.23 ] o.s | tieo | o0 0.7 E%EI;‘U”- ta $p, Cp, Gn % % % % 11
YEXICO i .0
TUEF a, y.
TERTIARY ad, gr, Au, E1,
DER AMDESITE kg, Py, Sn, Gn,
YOQUIWO T FLOMS & TUFF Ca, Sp, Op, A
CHIRLANUA, o052 | s f0.3s 360 | 1sTe | oATET | OLUS0 4 e rous s-:' or e ATy x x x * el
HMEX[CO
Pt Qt, Ca, ¥a, Ar,
NDESITE Rb, Au, Cp, P
EL OKO, aeprox. | apowt [ anovr] | 4 o OVER 1 FLOM ATOP SR x b % !
HEX [E0 0.B& 4 5.0 B!
' 10.0 S ] . CRETACEOUS (7]
HEXICO SHALE AND
SANDS TORE
TERTIARY Ad, Qr, Ca, Py,
CUANACEVT, APPROX_JAPPROX. 1:100 :;_’ziﬂﬂmnm :gsg Ar, Bb, £1, Te,
DURANGO, 1.0 | su0.0 §o17 730 e | s-12 6.0 S, - Sn, Fi, e, ks, % X X % 1ot
MELICO 1:500 CONGLOMERATE § ©. ¥~ [8a, Tn, Gn, 5p,
op
EVIDENCE OF BOILING
o To AT FiE O ALY 'gh VERTICAL] (T PSEUDD- | VERTLCAL VEIN Ha,
DISTRICT P 1753 24 ¥ - LIN-| °C [ ZOMATLION] MORPHS AFTER. ORE ATTITUDE S VELN
CAF To | WITR FLAT | GRAINED INCLUSTON ITY 8} CALCITE EXTENT WIDTHS CarEETS REFERENCES
ORE [ROTTOME {5) GUARTZ DATA (6] (713 o, o.
. RASE Au VALUES DECREASE WITH BAILEY (1931}
HETALS DEFTL TURMER {1978}
GUADALVPE Y . .
THCAFASE CLARK & OTHERS (19793
CALVO, * VITH 400 WY, Dip W 30 (
OIIRUAHUA , BEPTH
MEXICO
BASE METALS EARLIER THAN WISSER [19n&)
DCAMPO, ] FRECIONS METALS, ORE 15 KROWLTHG (1977)
CHIRUAHUA argillic 400 MW & NE, 12 FOST-DACITE STOCK EMPLALE- | LINTON (1917}
HEXTCD SW DLEs MENT CLARK & OTUERS (1479)
HOS-GOE, CALCITE IS POST ORE, WISSER (1966}
YoQUIvO, 60-75E HALL {19283
CHEHUARIA X 145 K-8 to NLLE, 17
HEX1C0 Chelcedony T5-80E (o
T5- 00K
BASE W Dip AVE. Au PRODUCTION APPROXIMATE f EMMONS (1937)
EL ORO, X METALS M TONNAGE APPROXEMATE LIHDGRER (1932)
HENICO, hlesched x ¥ INCRENSE ns B-5, B & Wdip| max, LOCKE (1913}
MEX1CO WITH 18
BEPTH
ADILARLA GANGUE ASSOCLATED|OURNING  {1978)
GUANACEYT WITH HIGHEBT GOM.D YALUES |1IALPERH (1939}
DURANGO 1 x 4o NiOW, ¥ daip | 40 TERRONES (1922}
HEXICO

TABLE 1, CONTINUED
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FROGUCT LON GRADE (2) ALTFRATICH ASSEMBLAGES
DISTRICT hu Cx.[Ag Oz, Aa Ag HASE TONHAGE H& IR URE MINERALOCY GRE SAOG
(L 3 ozt |oeit {Auiag m:r.am 210 BOSTS [T or{zu}w proPYLITIC | Ponassic | arcmLic] pHvLLIC | ALmITiC | sUnicle WTID
L )] Rar:Vert
qt. Au, Fy, Ba,
. HIOCFHA Ai, En, ©n, 5p,
SUMMITVILLE, |APPRCE.] APPROX o2 51 QUARTZ LATITE o, care Cp I3 X X ¥ ¥ 7:1
RIO GRAKDF CO., 0.26 | .50 : PLUC Itiite
COLORADD
OLIGOUENE- Ad, G, FL, AT,
HIOCENE RIY. ) 33 o EL, Cy, Br, Au
ROMRER ) H xi x
. .64 | ANDESITE, .
CHURCHILL C9., a.0%4 | 6.87 0.17 JL6.2R7 1:%% a a TATITE, WEAR =, ¥ Kaalin
HEVADA REY. DOME
H10CERE A, Tt
puCRIORN AHGESITE 15.0
i . %
. Lilh
FURFXA €O, o.079 [ ool 10.182 146 | LeE 0.21 o ¥, rolin
HEVADA
?i;gﬁ“;“z’"- A, Qr, Se, Rb?]
VERY . . Ar, Gn, Au, Ag
DivIbE, BRECCLA 15.0 ts " e Ban X x x ¥ x x 1:1
H 0.135% ' Py, Uy, Mo, Ba, :
ESHERALDA CO., a.0nf 317 .26 fza.3 Jr:lon Low ANDESITE 16,5 C;. p:‘, Adularia Knolto
HEVADNA RHY. PLUK m, Y. '
PRECAHERIAN Ad, Qu, EL, Oh,
I p— CRAMLITE , posy=ore Fl,
MORAVE €o., | 0.173 | o.42e [o.zs Jou7s | 193 0 o.69 | MOTEEE HroGENE | ¥y, Se. B2 x x X He * L
AR LT MA
EY[DENCE OF BOILING
o o Th | PERTICAL] QT PSEODO- | vERTICAL VEDN MAL,
DISTRICT LW pd | ORE su00MS | VERY FINE- FLULD saLin-| oc | zowaTion| moRrus AFTER] ORE ATTITUDES TEIN .
CAF IO | WIT FLAT GRATHED INCIUSION 1TY {8} CALCLTE EXTENT WIDTHS COLRENTS FEFERENCES
ofE  ppoTioms (5] quartz DATA (6) [€)) @. m.
SUME ORE-BEARING PIFES LN FSTEVEN & RATTE (1960)
s Vi, X g;s;;:é:;, GHE MORLTON HMAY
RI0 GRAMDE €0, | Alunite X x w05 HI0- 550
COLOFADG
7ns GRADES ARE APPRIIIIMATE STLEEBMAN & HCREE [1974)
WONDER , INCREASE WDER M60-706 75N-90 6 WILLDEM & SFEED (1974}
CHUACILILL €O . WITH ey LEWIS {19887)
HEVADA DEPTH NISW TIE 13 BURGESS (1914)
BEST Au VALUES ASSOCIATED |SILBERMAN & MCKEE (19743
I x MUGH W/ ARGILLIC ALTERATION, AOBEATS & GTHERS {1967)
o DOIORN Aratllse BRODED HiW  TSE GRATIES ARE APPRIDLMATED, COUCH & CARPENTER {1953}
by ‘e 37 MTALCY ALTERATION OF
ABA WALLE REPORTEL
"D'; “'”—U:-: IN LOWER LEVELS Ag I3 PERSONAL STUDY {1979-80)
pIv EE . 5'1‘:_-:: HOS-632  $SE ASSOC. WITW RAULINATE, IN | XHOPF (1921)
A ER A 2
esreRALLe <O, | Aratitee " it 300 6.6 g:s L.:vn.s :I‘nl SERICITE| CARPENTER (1919}
TYAOA AR VALUES WW vert. dlp PS5 LARCELY A HEPLACEMENT | BONIAM & CARSLDT {1979}
R OF RHYQLATE TUFF, UPALIZA-| wisser ([1966)
LHCREASE TION OF RHY. REPOATED
DISTRICT MUCH ERODED, PERSOMAL STUDY (L980)
KATHE R INE " SEE HIQ-BOE 60N VERT, EXTENT AT TYRO 15 CARDHER [19%4)
b rrg- . x HOHE HOTES (RATH. ) 1.6 65 m,, AT FATUBALNE 15 JORALEMUK (1925}
ARIZONA | LNltc{?) KaSE  near 40 170 m., DATA INCLUUES - §HENDERSUN (1921}
(TYRO) MINED RESERVES AT FORTLAND
HINE (157,000 TONS OF 0.18

TABLE 1, CUNTINUEDL
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PRODUCTION LRADE 12} ALTERATIOR ASSEMBLALES ‘1
DISTRICT Ay Oz, Jag 0z, A Ag BASE | TONRAGE HAJOR ORE HINERALOGY QRE SWOOT
() (8] 0z/t |0/t |Auag [HETALS | xlaf HOSTS ACE aF VEIN PROPYLITIC| POTASSIC J ARGILLIC] PUYRLIC fALMWNITIC | SILICIC RATTI
T t3) {5} Aar :Werr
TERTLIARY Ad, Qr, Py, El,
ANDESITE & Re, Sp, Cp, Gn,
PIZ PiZ, DACITE Po, Se
WICARAGIA 0.1 o2 | o.25]o.s0] 12 ? 0.4 RHYOLITE , X % X i1
PLUG
TRRTLARY Qr, 51, Se, Ac,
coLqul, QVER ANDESITIC 1Ww.3 Jrh, E}, Fy, Te,
(FINLANDIAY 0.388 10,24 |0.97 |23.6 §1:26 17.4 0,4 SANDS TONE , @. yo [Gn, Sp, Ba, Ka ¥ b b X T:a
PEARI TUEE, &
FLIMS
BEOCENE-OLTG. gr, Ar, hu, Py,
NAMIOUL PA 3 LATITE, F1, Bs, Gn, Sp,
. : ANDESTTE ) ¢ .
CATIULAHIA , o.onn f2e.12 0,00 £2%,03]4450000 8.3 n.% VLOMS & OLTG. ¢ P X x * a1
MEX TCOD TUFF,
LGGLOMERATE
TRIASSIC Ad, Ge, Co, Ch,
SHALE CAFFED Ar, Rb, E), Py,
TEHAS CALTEPEC, OVER ‘r, Rb,
MEXICA, u.039 {16.0 | o.06 Lre.0 |ri267 | "Low 1,0 :;Dg’;;l_“:* Gn, Sp, Cp ¥ % 101
MEXICO RIYOLITE
BRECCIA
OLIGOCENE Ge, Cx, Ar, Te,
RHY, TUFF & ha, Py, Cp, §
EL TIGRE, WER | rows, o st
SURORA a.11s l27.0 0.25 39,0 |1:162 3 0.7 . JeLIG.iny v H X x &1
' LATITE BRPRL Kaciin
HEXICO (= €Y
EVIDENCE 0Of BOILLNG
Th VERTICAL| 4T FSEVDO- | VERTICAL VEIN HAX,
B1STRICT LW pli { ORE SHOODTS] YERY FINE- FLUID SALIN-] <9¢ N ZOWATION| MORPRS AFIER, ORE ATTiTUDES VEIN
CAP TO | WITH FLAT | GRAIMED THOLUS 10N ITY {8) CALCITE EXTENT VIDTS COMMENTS REFERENCES
ORE  IPOTTOMS (5)] QUARTZ BATA (6} {7) . o.
ORES SECONDARILY ENHICHED RAWRHUEST {1921)
PIZ Pil ESPECIALLY TN Ag SPURK (1913}
HTCARACLA S B4 SE 35— 50N 23
RASE HETALS ARE POST-Ag FAMILLL & Giyig (1872)
coLgut X 70 VEINS AVE, 1 METER WIDE
{FINLAMD LA} Phyllic x x YES 2-10 | £20 130 NAO-75E 2.5
PERY
2us Ag VALWES DECREASE WITI SHEFELBINE (1957}
NAMIQULFA INCREASE N25 to 4LOE J0E DEPTIH, WALLRUCKS ARDIMD DOVGLAS {1951)
‘&:Hmu:\nm\l X x WITH 250 ORE SHOUTS S5AID "BLEALHED"
xIco DEPTH NO5-20W .
2o & Fb CATENA AND PYRITE INCREASE | CARDEMAS & MARTINEZ (1947}
TEMASCALTEFED THLUREASE HAD-50W B3%N AVE. WITH DEFTH ANU Ag VALLUES WILSOH (1959)
MEXTCO ' X WITH 250 HANY DIPS 10 BECREASK
IGO0 DEPTH KPPROACH 907
7ns ORE 1M CYHOID LOOFS, HISHLER {1970)
El. TIGRE THCREASE SILICTFICATION INTEMWSE WISSER {1966}
SOMORA, WITH 00 HOSE to N1Ow | AVE, |ABOVE GHE, PYRITIZATION
MEXTCO BERTH 608 Dip 1 INTENSE BELDW
ThBLE 1, OONTLHIRED
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Tpktaucilon T GhavE {27 ALTERATIUN ASSEHBLALLS
DISTRICT Ay Q.| Ag 02 Au Ag BASE L TONHACE MAJOR ORE HIMERALOGY QRE SHOIT
[$}] (L) oeft |02/T |Auiag [rETALS | x10% HUS TS AGE oF YEIN PROPYLITIC]| Porrassic | ARGILLIC] PHYLLIC JALUNITIC | STLICIC RATIO
L3¢} ) Hor Nart
TRIASSIG Qr. Ca, Ar, Ab,
AHDESITE AND .
ZACUALTAN, SHALES :;y' ;e' oo o
MFXIED, Hil Boaz3 ] L 4,9 1.4 1.12 - n, Sp X M x
HEXILD
TERT LARY ad, Qt, Cn, E1,
LATITE FLOW Py, ¥l, Me, Il
STATELINE, ARDLUT J AROLTY VERY | AFEROK. e rLou & ' °
TOOELE €0., | oooors feooese [0y ] o0os LOW CIUERN [ H ¥ % X
AN Sericirs
TRRTLARY Qr, Ga, Ar, El,
RilY. TUFF, hu, Py, Ga, Sp,
CIKCD HINAS, OVER | apuesiTe op 1:2
JALISCD, o.100 1523 3.0 15,3 |1 1.0
MEXECO
FALEOZOIC hd, Qu, Ar, An,
DACLTE, RV, ) El, Gn, ©p, 5
GULDEH FLATEAU i . 6o, ©p, Sp,
ausTRALLA | o.ena [ 0363 oodk Joo3y |1:0.8 [rmtnord 1.1 | RUVODACITE, | patrozi|as, Bs ¥ X -
TRACHYTE
i TERTFLARY ad, Gt, FI, Cp,
SUNVER CITY & UMDER AMDESITE, 14.8- Trs, Se, Gn, Ar,
Dzu@\k_. n.9 1.0 L3 1% RHYOLITE 15.2 Rb, Ba, Py, PI, X W X M niy
W‘f;}:ﬁ!;“- . "oy, El, Na, Ja, Kl
FYIDENCE OF BOLLING
1 ! Th | VERTLCAL] 4T PsEwm0- | verTICw, TEIH HAX,
LW el | QUE SHOOTS | vERY FIME- FLUIY SALIN-] ®cC ] TOMATEON] MORPHS AFTER ORE ATTITUDES TEIN
DISTRICT e
cap 1o | witw pat | cranms  mauston| oty | (8 oacre b OETENT HIDTHS ORHHENTS FEFERENCES
ORE  |BOTTOMS (3) QUARTZ OATA {6} {13 @, m.
Agfib, I
AelZn, FRAHCISCO {(197%)
ACUALPAN, In/Fh
HEXICD, X DECREASE NE3Y BON DLP 15
HEXLCO WITH
DEPTH
HIGHEST GOLD VALUES ARE EMMOKS (17173
STATELINE, AVE. | ASSOCLATED W/ ADULARLA IH [ BUTLER & OTHEAS [197M)
TOOELE €0, , x X 155 E-W, H BIF 1 VEIH, ENCLUDES OLD
UTAH H-5, S0-T0F SPRIMGE & FSCALANTE DISTS,
BASE CALCITE WETH O SURFACE NYEh & HAPES {1363)
CIHCD MIHAS HETALS CHANCES T QUARTZ WITH
JaLisco INCREASE 650 H45-90%, 5 DIP DEFTH
YEXICO RITH
DEPTY
MAY IIAVE VERTICALLY BROOKS (19707
STACKFD GREBRIES AS AT
IVER
SOLBER PLATEAV, " 215 GUAMATUATG , UFFER 15
AUSTRALILA 0-120 M. BELOW SURFACE,
LOWER I5 120-215 M.
YEINS AVERACT 1.0 METER LINDGREN {1931}
SILVER CITY &
u;:auww WIDE, PRODUCTION LISTEDL IS| PIPER & LANEY {1978)
Deamn, X X % 460 HIS-62W 25-R05 10 FOR 1P63-1923, PANSZE {1971}
o TR ARGILLIC ALYERATION SALD
ASSOCIATED WITH OR%
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5L (3} {63 RuriVert
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OLLGNCEME Qt, 4r, Ab, He,
AMDESITE Py, Cn, Sp, Cp
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HCE OILIN
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DISTRICT
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ORE ROTTUMS {5) QUARTE DATA (B) (7} . m@.
BALL (19086)
STLVERBOW
NYE CO., x MU e 1.5
MHEVADA ¥aolin hGATE
rczm':i:s CIARK & OTHERS (1379)
TUVAR, LHCREASE M, F0-80% 3 M {19787
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' wITH
MEX 100 DEFTH HNE !
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CHLIUAHUA b IS‘ITH. 400 :.a INCLUDES UNMLNED RESERVES
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TAKE CITY, BASE WGSE TOR FLUIDS BOTLED TMRING Au-Agf SLACK (1%80)
IINSDALE Cr, , 1 SOMP YES 3 230 YETALS 450 . DUE TO PRESSURE RELEASES,
COLORADD IHCREAS NIDE NO BOILING IN BASE METAL
H E STAGES, BASE METALS PAMLY
D:;E CAKACENETICALLY
OKEE IN ZONES OF ADUTARLA | PETERSEM & OTUERS {1977)
JULGANT, N&5-60W SH-G0N ALTERATICH OF WALLHIKKS SCERKEHRACI & HORLE
x aod 50-90§ {1978}
PERU Phyllic W3- EDE
|
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NOTES FOR  TABLE 1

Foornotes:

1) In willions of troy ounces. Most production fipures are from the literatute; several are

calculated frem tonnage and grade [igures assuming LO0L recoverles.
2} 1ln some cases, grade is recovered oz./ton; in others it is assay oz./ton. Most grade

figures are from the llterature; several are calculated from production and bonnage fig-

ures assuming 1007 recoveries.

3} Combined Pb + Zn + Cu, In rare cases i5 as percentage of metal; in most is as peroan-
tage af sulfide.

43 Abbreviations are:

Aa Altaite be Dolomite Pw Powellite

Ad  Adularia E1 Electrum Fy Pyrite

Ap  Silver Ln Enarpite it Quartz

Al Aguilarice Fa Famantite 8b  "Ruby S{lvers"
Al Alunite ¥l Fluorite He Rhodochrosite
& Ankerite o Goldfietdice Re FRealgar

Ay Avrgentite Gn Galena Rs  Rhodonite

&As  Arsenopyrite lie Hematite 5¢  Specularite
Ao Geld Hs Hessite - Se Sericite

Ba  Barice Ja Jamesaonite g1 Siderite

Bo DBornite Ka Kaoiin, Kactinlte Sm Sewseyite

Br Bromeyerite La Laumontite Sn Stephanite
ABu DBournouite Ma Marcasite Sp Sphalerite
Ca  Caleite ML Miargyrite St Strumeyerite
Cc  Chalcochite Mo Molybdenite St Stihnite

Ce  Cerussite Na Naumannite Te Tetrahedrite
Ch  Chierite Fa Pyrargyrice TL "Tellurides'
Cl "Clay" Pl Folybasite Ton Tenantite

Cp  Chalcopyrite fo Pyrrhotice Ta Tourmaline
Cv Covellite Pr Pyralusite Wu  Wulilenite

Cy Cerargyrite Pu  Proustite

5} Shape of gre shoots 15 based on bottom of stopes, not on bottom ol all mineralization.
6} For list of bolllng criteria, see references listed for each distriet,

7} Expressed as eyquivalent welght percent BaCl,

&) Th = Temperature of homopgenization of fluid inclusions with no pressure correctlons.

Geueral Hotes:

X = Evidence present

NQ = Mo evidence present

biank - Insuificlent information

Alteration assemblapes as Llisted do not imply they are related to the ore-forming event;
however, deuteric propylitfzatian and/or zeolitization have been ipnored.
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A Guide to Prospecting
by the
Self-Potential Method

S.V. Burr!

INTRODUCTION

The author has used the self-potential or spontanecus
polarization {SP) prospecting method extensively for 35
years in surveying mining ¢laims, and considers it the
best of the electrical geophysical methods.

Recently, interest in the method has revived, proba-
bly due lo renewed gold exploration. Most gold deposits
are not good conductors, but go contain some sulphides
which can be detected by the SP method.

The few available textobcoks which mention the SP
method are brief in their descriptions of field prospecting
methods, and some prospectors, who have tried the
methoa with insufficient understanding of the technigue,
have become discouraged and added to the misconcep-
tions about it. Good practical descriptions of the SP
method are coniained in “Prospecting in Canada” by
Lang {1970} and in “Mining Geophysics, Second Edition”
by Parasnis (1975}

This guide incorporates and updates information
from & previous paper by the author {(Surr 1960) and is in-
tended to instruct the laypersaon in the routine prospect-
ing use of the methed and fo encourage moreg geophysi-
cal research of the SP phenomenon. Much of the material
presented is unavailable elsewhere and was derived by
experience through field applications.

IMPORTANT FACTS

Although the author has endeavcured to dispell some
misconceptions, and to add some new facts on the SP
methac in the body of this guide, some isolated facts

'Consulting geolagist-geophysicist, 2111 Carlon Piaza, 140
Carlton 5t | Toronto, Ontario MSA JWT

Manuscript approved for publication (March 15, 1981) and pub-
lished with the permission of € & Pye, Director, Ontario Geologi-
cal Survey.

could be ermphasized at the beginning:

1) Hydro and telephone lines, which plague some of
the ather electrical methods, do not affect SP

2} Iron formation, which acts as a "good conductor”
with some of the other ¢lectrical methods, does not af-
fect SP unless sulphides of graphite are associaled
with it. One major iron formation at the Sherman iron
Mine, Temagami, Ontario, contains graphite. The SP
method begins fc detect this anomaly at least two
miies away. On the basis of one fong north-south trav-
erse conducted by the author, a peak of 4000 mv {4
volts) was obtained over or near this iron formation.

3) Buried or grounded melal objecls can produce
spurious SP “spot anomalies”. A buried long metal
pipe can produce a finear and sometimes genuing-
looking {pseudoc)anomaly. Graphite cathodes are
used beside gas pipe lines to prevent corrosion and
can produce an abnormally high negative SP anoma-
ly. Similarly, it can be demonstrated that an axe, pick
or knife driven into the ground beside the forward pot
{an SP ground electrode) produces a high negative
reading in the instrument.

4) Several years ago in Northern Quebec, the author
discovered a graphite SP anomaly of 1 volt at a pot
separation of 300 feet. An unsuccessiu! experiment
was conducted to try and achieve a 8 volt potential
and power a radio. An additional pot merely cut the
potential to 05 volts, Apparently the current strength
or 'ground amperage" in a near-surface self-potential
electrical field is not proportional to the number of
pots used,

5} Natural SP anomailies of a few hundred to over a
thousand milliveits, and of negative sign by conven-
tion, are caused by the iron sulphides pyrite and pyr-
rhgtite, the copper sulphide chalcopyrite, and the na-
tive element graphite. Graphite gives the strongest SP
reaction, followed by pyrrhotite, pyrite, and chalcopy-
rite. Strong negative anomalies have also been re-
ported over chalcocite, covellite and anthracite (Sato
and Mooney 1360). Because of the many other factors
influencing the strength of an SP response, it is not
possible to predict which type of sulphide is responsi-
ble for the anomaly. A magnetometer or dip needle
survey may help 1o determine whether the magnetic
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iron sulphide pyrrhotite is present or not.

6) Magnetic storms, dealt with in the “Instructions”
section of this guide, are a natural phenomenon which
can be detected by the SP instrument. It has been
suggested that approaching earthquakes, or an
atomnic explosion anywhere in the world could be de-
tected by a monitoring SP instrument. In California,
the method is used to locate water leaks in pipelines;
in Australia, to detect salt springs; and it can also be
used in geothermal exploration and in structura! stud-
ies. Other applications are also possible but await fur-
ther research of the SP method.

7) Manganese oxides {psilomelane and pyrolusite
wads) have been observed to give positive SP ano-
malies. In Jamaica, the author detected high grade
manganese "veins” or “dykes” which gave strong
positive anomalies. The sedimentary Sibley Formation
in the District of Thunder Bay, Ontario contains a man-
ganese oxide unit which produces alternating high
positive and high negative readings which the author
interprets as a possible indication of the presence of
graphite.

8} Finally, the peak of an SP anomaly is detected with
the measuring pot positioned directly above the
source. This is in contrast to other efectrical methods
which can be responsive to the dip-of the anomalous
source, and through misinterpretation have led to
some drill holes that have overshot, or have been
spotted too far from or 106 near the target.

BRIEF HISTORY

The SP method ‘s the earfiest electrical geophysical
method to be discovered or invented. 1t was first apphied
in England by Robert Fox (1830) who conducted SP re-
search around the tin mines of Cornwall, and later oy Cart
Barus (1882) who applied the method at the Comestock
Lode in Nevada. The first suiphide orebody discovered
by an electrical method was detected by SP at Nautenen,
Laptand, Sweden in 1907 (Lundberg 1948}

BRIEF THEORY

Most explanations of the SP phenomenon propose that a
"wet” sulphide (or graphite) body develops negative and
positive electrical potentials at its top and bottom, resuyli-
ing in a both metallically and electrolytically mediated
“flow" of electrochemically generated current around and
through the body as shown in Figure 1.

Itis possible that sulphide and graphite bodies in co-
ntact with ground waler eiectrolytes induce a "spontane-
ous” DC flow of current, but local ground currents are not
solely related to polential differences arising from sponta-
neous polarization of a conducting body. The author con-
siders that the natural 1elluric fields and currents encir-
cling the earth provide a natural applied electrical

Militvoltmeter
Rear Control potentiometer
Station — 4+

MNegative pl
pot

Reel of
insulated cable

|
U Forwar Survey
Statians

Y

Posittve pot

Figure 1—Schemalic representation of spontaneausly generated efectric current ‘low near a sulphide body. showing cur-

rent paths through the ground and the SP apparatus (after Ltang 19704,



field which—close to an electrolyte-bathed SP body—
can give rise to a "conductive” spontanecus polarization
effect which aistorts the local primary geosymmetry of
natural electrical fields near the earth’s surface.

For example, if these ground currenis are flowing
through an electrically isotropic and homogeneous rock
type, they are like the parallel, equispaced strings of a
harp, and a uniform potential ditference field is devel-
oped (see A in Figure 2}. if they are passing through dif-
faerent rock types with different conductivities, some of the
nearbv “harp strings” will converge slightly to take ad-
vantage of a better conducting rock unit, resulting in a
“resistivity” map which differentiates between different
conductivities of the rock types {see B in Figure 2}. If the
currents come upon sulphides or graphite they will be
drawn towards such bodies in an attempt to flow through
them, resulting in a high potential or anomaly {see C in
Figure 2). Finally, in a strong magnetic storm, the harp
strings will quiver as if they were being stroked (see D in
Figure 2). The effect of a magnetic storm will be dis-
cussed at greater fength in the "Instructions” section.

COMPARISON OF ELECTRICAL
GEOPHYSICAL METHODS

Although the SP method was extensively and routinely
used during the 1930's and 40’s by many well-known pro-
fegsional geophysicists, currently, it is generally misun-
derstood or overlooked as a useful and economical geo-
physical prospecting method.

The first orebody found in Canada by electrical
methods was surveyed by Hans Lundberg (1928) at the
Buchan's Mine in Newfoundland, where conductive ore
was detected using the SP method. Al least one orebody
was found in the Noranda area and Lundberg {1948,
p. 179 reports: “.__a lead-zinc-copper orebody was foung
in the Eastern Townships of Quebec. This survey was
carried out by A R. Clark and H.G. Honeyman, and the re-
sults were well confirmed by subsequent drilling.” He
also states: “The outlining of the Flin Fton orebody in Man-
itoba is perhaps the best known example of his [Sherwin
Kelly's] surveys "
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The author was involved in early field surveying ex-
periments with the resistivity method, using formulae de-
veloped by Dr. Arthur Brant, University of Toronto. This
method requires the “pushing” of alternating current into
the ground and can provide an excellent interpretive
model of the geological stratigraphy and structure. Resis-
tivity surveying can also detect conducting anomalies
which may correlate with buried sulphides or graphite.
However, the method was found to be cumbersome and
slow, and soon gave way to the faster, more periable, but
less informative electromagnetic (EM) methods. More re-
cently the induced polarization {IP) method has been de-
veloped and applied. it also “pushes” current [as DC pul-
ses which naturally decay] intc the ground but is much
more cumbersome than the resistivity method, and much
mare expensive than most of the EM methods. 1t is con-
sidered to be a composite of the resistivity and SP meth-
0ds and is capable of detecting low resistivity "good”
conductors and disseminated sulphides (including oxi-
dized orebodies).

Unfortunately, the interpretation procedure is compli-
cated and the method will equally well detect iron oxides
and other semimetallic uneconomic minerals. A draw-
back with the resistivity, EM and 1P methods is that they
measure secondary electrical fields which are sometimes
difficult to interpret. They also respond to unmineralized
wet shears, faults, and fissure zones. Perhaps the most
commaon cause of "false” anomalies with these methods
is the variable depth of overburden over the rock surface.
if there is a subsurface valley buried by overburden, all
the above methods will yield a “psuedoanomaly”™ similar
to an anormaly observable over a massive sulphide zone.

Alternatively, the SP method does not determine sec-
ondary fields, so survey results are much easier to infer-
pret. It does not respond to subsurface valleys, wet clay,
shears, or faults; and, in the author's experience, the SP
method does not provide results which could lead to a
false anomaly. In over 500 SP anomalies which were
stripped or drilled, the author always found the source of
the SP anomaly to be sulphides and/or graphite in the un-
derlying rock.

The SP method responds to good conducting sul-
phides {both oxidized and unoxidized bodies}, graphite,
and nonconducting {disseminated) sulphides if these suk-
phides are oxidizing. The author has encountered only
two cases where disseminated sulphides were not de-
tected by the SP method. In one case, an exposure of
disseminated pyrite showed no oxidation "rust” {gossan)
whatscever; in ancther, sulphides of a pyrite-chalcopy-
rite-bearing copper orébody were ailse fresh, and the pH
of the ground water was found to be 10.0, too basic to ox-
idize the pyrite. According to Lundberg {1248, p.179):
"The self-potential method must be used with some cau-
tion....and many grebodies may not cause any angmalies
at all, owing to certain ground-water or overburden condi-
tions.” The proportion of nonoxidizing, nonconducting
sulphide bodies is unknown, but the author expects that
the number in Canada is probably very small. 1t is this
small percentage of nonconducting sulphide bodies
which prevents one from saying the SPis a “Yes” or “No"

4

method in geophysical prospecting for sulphide ores. It is
a Yes or No method far the detection of good conductors
only, but not necessarily for disserninated sulphides.

Another feature of the SP method is its ability to dif-
terentiate between anomalies caused by sulphides and
anomalies caused by graphite. Sulphides produce a
range of up to 350 millivolts between the most positive
and mos!t negative SP readings, graphite has a higher
range. The SP method alsc has the ability to "smell” an
anomaly some distance away and can smell graphite at a
greater distance than sulphides.

QOne of the pooular misconceptions about the SP
method is that it is limited to shallow depths as its detect-
ing ability is dependent on the presence of oxidizing sul-
phides which usually occur close to surface of the earth.
Lundberg (1948, p.179) stales: "The self-potential
method is based on the fact that slowly proceeding
weathering in the upper portion of a sulphide body is ac-
companied by efecirical polential ditferences between
the surficial oxidiation zone and the deeper nonoxidized
pertions of the orebody”. Lang (1970, p.162) comtends
this idea by noting that graphite is not oxidizing. The au-
thor has located disseminated sulphides under 25 m of
sand (including a quicksand layer), and a weak conduc-
tor under 36 m of overburden. Lang {1970, p.162) also
states: "._reactions at the suriace may become too weak
to interpret when the overburden is more than about 300
feet {91 m] thick.™ The author has located “heavy™ sul-
phides capped by 7.6 m of barren rock, with no apparent
indications of oxidation.

Another misconception is that one can derive a for-
mula to determine the percentage of sulphides in an SP
anomaly based on the strength of the readings. Lang
{1970, p.162) states: "The strength of the potential gener-
ated depends largely on the concentration of sulphides.”
One cannot, however, determine any variations in the
strength of anomalies as dependent on the concentration
of sulphides. For example, the strongest SP value along
the strike of an anomaly does not occur where the sul-
phides are most highly concentrated, but where the
source of the anomaly is closest to surface. With. a little
practice, one can determine whether the source of the
anomaly is close enough to the surface to be exposed by
stripping. Details are given in the section "Mineral Pro-
specting with the SP Method™,

Although the author has stated that the SP method
does not give false anomalies, certain operator errors can
produce them. To help operators avoid such errors is one
of the objectives of this guide.

LIMITATIONS OF THE SELF-
POTENTIAL METHOD

As no one geophysical method is all-ermbracing, the fol-
lowing limitations of the SP method should be bome in
mind when planning surveys:

1} The SP method cannot be used over water. How



ever, Lang (1970, p.162) states; “Where sulphide depos-
its lie beneath lake waters, the method is not usually ap-
plicable except over the ice in the wintel/". Further re-
search is needed to refine this technique.
2) Winter surveys are now possible through snow
cover using high impedance volimeters, but damp-
ness can short-circuit the instrument, extreme cold
can weaken the balteries, and ice can encrust the
pots and prevent ground contact. Preventive mea-
sures include addition of glycerine to the pots, and
carefully planned quick checks over target areas, [0
maximize surveying before proionged frigid tempera-
tures can affect the equipment.
3) An SP anomaly does not indicate whether conduct-
ing sulphides are disseminated or rmassive. Accord-
ingly, the anomaly could be tested by another electri-
cal method such as VLF (very low frequency) to
determine whether it is a good conductor, At the same
time, the anomaly could be checked with a magne-
tormeter to determine whether tive magnetic iron sul-
phide pyrrhotite is present.
4) As mentioned in the section “important Facts”, the
SP method responds to pyrrhotite, pyrite, and chalco-
pyrite. It does nol respond to zing, lead, gold, or silver
minerals. However, some iron or copper suiphides are
generally present with these other metals and, if oxi-
dizing, will resultin an SP anomaly.
5} In the case of a strong and cbvious graphite SP
anomaly, the method cannot indicate the presence or
absence of associated sulphides. Presently, only one
instrument, the RONKA EM-15, can resolve associ-
ated sulphides, but only if the anomalous source is
shailow, and if any associated sulphides are good
conductors, For reasons not fully understood, this in-
strm'ment only responds to good conducting sul-
phides, but not to graphite.

SELF-POTENTIAL EQUIPMENT

A millivoltmeter-potentiometer is used to take SP read-
ings by a needle and scale, digital readout, or an adjusta-
ble dial which brings a needle or audio signal to a null po-
sition. The operator will likely make fewer mistakes in
recording with a digital readout. Readings should be
double-checked for precision, particularly at established
control stations.

A basic requirernent is a reel of wire. In most cases,
more than 600 m of wire is desirable. Another useful and
timesaving item in conjunction with the use of a long wire
is a pair of walkie-tatkies. Lastly, the most important iterms
are the porous pois. If these do not function properly. the
survey becomes a wasted endeavour. Occasionally the
rillivoltmeter may get wet and short-circuited. This con-
dition is easy to detect if not to rectify. Also, the wire may
develop a bare spot which may make contact with the
wet ground and give a sudden strong negative reading.
This is also easily identitied, though of infrequent accur

rence. In some circumstances, an unmoenitored pot may
change its potential along a survey line and produce
false anomalous readings. The pots are crucial to the
successiul operation of the SP equipment, and accord-
ingly, will be discussed first in the “instructions” section.

INSTRUCTIONS

(1) Operation of SP Equipment

The Pots

The twa pots are generally made of porcelain ceramic in
hollow cylindnical forms with porous bottoms. From the
caps, copper electrodes are suspended down inte the
pots. A saturated copper sulphate solution is used as the
medium to connect the porous pot contact with the
ground, which establishes a mediated eiectrical contact
with the copper electrodes suspended in solution. if two
bare metal electrodes made contact with the ground,
there would be an instantaneous surge in polarization be-
tween them which would then drop quickly to zere. With
fhe copper sulphate solution as the mediator of the
ground contact, no net polarization effect involving a dis-
charge of current takes place and the relative potential -
difference between two survey stations can be measured
with considerable accuracy.

QOccasionally, the two pots will have, or may develop
an inherent potential difference between them. If this is
only a few millivolts, no harm is done in running survey
lines with the reel and not correcting the individual read-
ings. An error of a few millivolts will not result in false or
abscured anomalies. However, a high pot potential differ-
ence can be very critical in some situations as discussed
below.

The reason for an original pot difference is probabily
due to slight variations in construction making one pot
more porous than the other, and thereby, of a shightly dif-
ferent conductive response. This is usually a fixed and
unchanging condition which does not hamper the SP sur-
vey. However, a sudden change in pot difference may be
caused by a crack, by contact of the porous pan of the
pot with metat or sulphides, by the drying out of one pot,
or by the solution in one ar both pots becoming undersa-
{urated in copper sulphate. The pot difference should be
checked often; for example, at the start of the day, at
noon, at the end of the day, and at each control station
and tie-in point.

The filling of the pots must be carried out with care,
the level of the solution checked often, and additional
crystals or powder added frequently as required. Without
ample copper sulphale solids in cantact with the selution,
a rise in temperature of one or both pots may result in un-
dersaturation. This is because of the increased solubility
of copper sulphate at higher temperatures. To make the
saturated copper sulphate solution, it is advisable 1o heat
the water as the crystals are being added, until the solu-
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tion is hot and solid crystals are still present, A pyrex bow!
is recommended, as the solution is corrosive, and a
wooden spoon or stick is useful! for stirring.

Jellying the Pots

If the pots are to be used for a wesk or more, it is timesav-
ing to make a jelly of the sclution. Only enough jellied so-
iution to fill the two pots is required. The operation is simi-
lar to making any jelly, except it is advisable to add two or
three times as much gelatin to the water to make a good
set. The hot water plus gelatin solution should be weli stir-
red as the copper sulphate crystals are added. ARler the
solution has cooled, a few crystals should be added to
each pot. The jelly solution can then be poured into the
pots, capped, and allowed to sel. One set of jellied pots
should last an entire prospecting season of 3 or 4
months.

However, the pots should always be stored under
moist conditions away from excessive heat to prevent
evaporation and danger of drying out.

Pot Difference

Once the pots have been filled and allowed to cool it is
possible to determine by a simple procedure whether
there is any inherent pot difference:
{1) The pots are placed on or in the ground, close to-
gether, with one pot connected 1o wire running from
the positive (“tar') connection of the millivoltmeter,
and the other pot connected by wire to the negative
("near”) connection. A first reading is taken.
(2) The pots are now reversed leaving the same wirgs
attached to the positive and negative connections of
the millivoltmeter, and a second reading is taken.
(3) The forrmula for calculating the pot difference is:
(1st Reading + 2nd Reading)/2.

For example, if the Tst Reading is -8 millivolts and the
2nd Reading is + 10 millivolts, the pot difference is ({-8)
+ (+10))/2 = +1 mv. These relatively high readings in-
dicate that the potential difference between the ground
and each pot is 9 millivolts, suggesting that the pot differ-
ence was measured in an anomalous area. However, as
long as the correct procedure is followed, the true pot dif-
ference is obtainable anywhere. Once the magnitude of
the pot difference is established, the positive and nega-
tive pots should not be interchanged during the course of
SP survey readings. An alligator clamp on the “forward”
positive pot is ample identification, and is usetul for en-
gaging and disengaging the end of the wire. The pot dif-
ference should be regularly monitored and carefully mea-
sured at each control station and tie-in point.

The Millivoltmeter-Potentiometer

Most voltmeters are accompanied by full operating in-
structions which describe how to read the instrument. it is
important to emphasize that by convention the forward
advancing pot should be linked to the positive or farin-
strurment connection and the stationary or rear control
station
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pot should linked to the negative near connection (Figure
1). With the positive pot moving “ahead”, anomalies are
negative after the traditional Carl Barus method which is
the currently accepted convention. If the negative pot is
inadvertently sent abead, strong positive readings would
be anomalous.

The Reel of Wire

Wire used in SP prospecting should be strong, thin, light,
flexible, and well-insulated with a smooth surface. De-
pending on the roughness of the terrain, thickness of un-
derbush, and straightness of the traverse line, a 0.8 km
length of wire can be pulled off a reel to its end. Wire
should be attached to the forward pot by a clove hitch
knot, with a bared end connected to the copper elrctrode
which protrudes above the pol cap. The connection
should be made with a short piece of insulated wire se-
curely attached at one end to the pot efectrode, and to an
alligator clamp at the other end in order (o make contact
with the reel wire, With this arrangement, an SP surveyor
can pull the wire and the forward pot with one hand with-
out danger of disengagement of the pot connection.

Theoretically, the potential difference due 1o the SP
effect could be measured with the two pots several kilom-
eters apart. Aithough impracticable, a longer wire is pref-
erable as more readings can be taken with the millivolt-
meter and rear pot set up at a single control station, and
fewer control stations are needed as discussed below.

A reel with only 244 m {800 ft} of wire should not be
spliced onto an extra length of wire. Regardiess of how
well the wire i3 spliced and insulated, it will come apart or
become entangled under most field conditions. The time
gained from avoiding such survey delays will more than
compensate for the cost of an appropriate fength (e.g.
610 m {2000 fi.) of wire..

The positive wire from the millivoltmeter shou.d have
an alligator clamp to attach to the reel wire, as it is gener-
ally necessary to disengage the clamp before the reef un-
winds.

The Walkie-Talkies

Although the two SP operators can shout for a few hun-
dred meters and then send messages by tugs on the taut
wire, a faster and more reliable survey can result from use
of walkie-talkies for voice communication. The farward
operator can describe the topography (e.g. swamps,
creeks, up-hill, down-hill, etc)) to the note-taker operating
the millivoltmeter, and can notify when the farward pot is
in ground contact and ready for a readirig. Often, the reel
will stop, the instrument operator will attach the millivolt-
meter at the rear control station wire, and then the reel will
suddenly move forward, resulting in possible damage.
Theinstrument operator can also inform the forward oper-
ator of the trend of the readings, and, if "smelling” an
anomaly, to cut down the readings from, for example. 20
m intervals to 10 m or less for & preliminary detailed sur-
vey of the anomaly.

The walkie-talkies should not be so powerful as to in-
terfere with nearby citizens bands.



(2) Conducting an SP Survey

After the pots have been prepared and the initial pot dif-
ference measured, they may be combined with the milli-
voitmeter, the reel of wire, the walkie-tatkkies, and weath-
erproof note-taking materials in preparation for an SP
survey along a predetermined line grid. The starting pro-
cedure will depend on the size of the grid and the length
of wire ont the reel. For example, the grid shown in Figure
3 is oriented with a base line (BL) parallel to the structure
or strike of rock units and cross lines at right angles.

With 610 m (2000 ft) of wire a survey moving from
east t¢ west could effectively cover the area as follows:
(1) The first control station is established on the base line
at cross line 4W. This station is given & tentative valug of 0
mv. {2) The pot difference is recorded, and (3) SP survey

measurements are recorded along with pot locations and
other notes, north ar.d south on lines G, 4W and 8W, as
well as readings along the base line between line ¢ and
line 8W. Readings should never be taken at forward pot
spacing intervals of over 15 m (50 t), except possibly
along the base line. In exploration for narrow vein depos-
its, the intervals should be shortened to defing the peak.
Bends in the wire of 90 degrees or even 360-degree
loops do not affect the readings.

After line BW has beern traversed, readings are taken
along the base line to line 18W where a carelul measure-
ment is taken and added to the inverse of the pot differ-
ence. Next, the second control station at BL,16W is es-
tablished. If the tentative value of the second control
station is +5 mv, then all readings taken from the second
control station set-up—aiong fines 12W, 16W, 20W, and

2nd
Cantrol
Station

LITHOLOGIC STRIKE

S ———

BASE|LINE

{402 m) ——0 0

1320 ft

400 f1
{122 )]

1st
Control
Station

+5 mv

20w 16w 12w

CROSS GRID LINES

Omv 4

1320 ft

- (402 m)

8w 4W Q

Figure 3—An example of fogistical details for an SP survey conducted with 810 m (2000 ft) of wire (see also Table 1).
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the rest of the base line—are relative to a value of +5 mv.
For example, a reading of -25 mv gives a tentative value
for that peint, or survey station, of -20 mv. All readings or
final adjusted values may be plotted on suitably scaled
maps beside the appropriate survey stations.

With only 244 m (800 ) of wire, an SP survey con-
ducted over the same grid would require more set-ups, or
control stations (Figure 4}. In such a situation the first con-
trol station is set up at 7 + 00N on line 0 {tentative valug 0
mv), and readings taken north, and south to the base line.
Along the base line the pot pesitions should be carefully
rrarked for tie-in with other control stations south of the
base line. After the northern part of line 0 has beenrun, a
reading is taken at 4W,7 + 00N and the inverse of pot dif-
ference is added. Aflter this, the rear operator traverses
over to 4W 7 + 00N where a second control station is es-
tablished. The rest of the northern part of line 4W, includ-
ing the base ling, is surveyed and the procedurs is re-
peated across the northern section of the grid to control
station 20W, 7+ 00N. Next the pots, millivoltmeter, and
reel of wire are moved to 20W,7 + 005, The southern sec-
tion of line 20W is traversed, tieing-in at the base line sta-

tion. Assuming the value at BL,20W had been given as
-23 mv from the control station atline 20W,7 + O0N; then, if
the reading {including pot difference)} from the new con-
trol station at 20W,7 +003 is + 10 mv, it follows that the
new control station is 10 mv more negative than the base
line at ine 20W— thus -33 mv. The survey is continued
eastward in the same fashion as the north section, 1tis un-
likely that the rest of the base line tie-ins will check as the
potential will have changed somewhat because of mois-
ture and temperature variations. Any discrepancies
should not produce or hide anomalies. Nevertheless, it is
chvious from the above examples that a longer wirg pro-
vides better control of background SP variations over a
targer area (2 control stations versus 12 contro! stattons
and 6 tie-ins), and allows a faster and mare efficient sur-
vey to be run,

When following the normal procedure of placing the
pats on or in the ground, it is possible to obtain variations
of up to 110 mv due to the varying acidity and bioelectric
activity of soils. Wet swamps tend to give positive 5P va-
lues, and dry hills negative ones. In areas where there is a
more uniform type of soil cover, the background range is
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Figure 4-—An example of logistical detalls for an SP survey conducted with 244 m (800 it} of wire.



muchiess. As an extreme example of this, a detailed trav-
erse across a 244 m {800 fi} wide tailings pond may give
a range in readings from +1 to -1 mv, probably due to
the omiform acidity of the tailings. The author observed
similar small vanations in the residual solls of Jamaica.
Lang (1970, p.162) states: “Pronounced slopes..-
sometimes introduce & topographic effect...” Fortunately,
in Canada this potential variation of the background
agrees with the topography, and, in nonanomalous areas
of swamps and hills, the SP contours correlate to topo-
graphic features. This is one reason why the topography
at each station should be noted. Ancther important rea-
son is showr in Figure 5.

Figure 5 represents hypothetical SP values along
one line. In example A SP measurements cccur on &
“flat” map showing no topography, such that the weak
negatives opposite the ? would normally be ignored. Ex-
ample B shows a small rise which would explain the neg-
ative readings in terms of normal background topo-
graphic variation. However, if there is a swamp, as in
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Figure 5--Thecretical 5P readings showing the effects of
lopography.

example €, these weak negatives would definitely be
anomalous.

Under favourable conditions an SP survey such as
that depicted by Figure 3 could cover the area with a few
hundred readings in one or two days, traversing approxi-
mately 4 km of grid. If an SP survey detects strong ano-
malous negatives and has also covered a few swampy
areas, it is likely that the greatest positive and negative
values of the survey have been encountered. As an ex-
ample, SP survey notes might read as shown in Table 1.

if the range of values ig of the order of 250-300 mv, or
mere, about one third of that range is probably back-
ground variation due to the varying acidity of the soils. In
this case, if the most positive tentative value is near + 100
myv, or near + 10 my, it should be given an adjusted value
of +50 mv and the cther tentative values adjusted ac-
cordingly. Far example, if the most positive tentative va-
tugis + 75 mv, itis adjusted to + 50 mv, and it follows that
a normalizer of -25 mv must be added to all the tentative
values, as in Table 1, to yield the #inal adjusted value.

it the mast positive tentative value is between +40
and + 60 mv, no adjustment is necessary. In mast cases
the most positive value is over a swamp of low wet
ground.

in some localized anomalous areas the range from
most pasitive o most negative readings may be 150 my,
or less, and is probably due to a more uniform soif cover.
In such a case, the most positive tentative value should
be adjusted to about +25 my. In most ¢ircumstances,
one does not know at the time when the first control sta-
tion is set-up, what anomalous conditions will occur. On
more than one occasion, the author has unknowingly set-
up a first control station over an anomaly and all the sub-
sequent readings were positive o high positive.

The purpose of the adjustment is to attain a final bal-
anced background range about the zera value, such that
the anomalous signafs are more readily recognized and
interpreted. The background is the range of electrical
self-potential which is due mostly to variations in topogra-
phy or soil pH. For example, a final adjusted value of -50
mv on top of & hill wauld not necessarily be anomalous. A
value of -70 mv, or more negative, would be. In the sec-
ond case above, with a background range of 50 mwv or
less, an adjusted value of -25 mv on top of a hill would not
necessarily be anomalous. A value of -40 mv would be. It
should be stressed that over a swamp, as illustrated
above, an anomaly due to buried sulphides might be
much less negative, or in some cases, a low positive, SP
anomalies under swamps and deep overburden are
much weaker than on hills and shallow overburden. Thus,
topographic information is needed in this type of electr-
cal survey. Below, in the section on “Alternative Field
Methods”, a simple technigue which minimizes the topo-
graphic effsct is discussed.

Magnetic Storms

Solar fiares produce geomagnetic disturbances which
are related to the phenomenon of the aurora borealis and
can cause magnetic storms of several days duration.
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TABLE 1 AN EXAMPLE OF SP SURVEY NOTES FOR A SURVEY CONDUCTED WITH A
REEL OF WIRE 610 METERS {2000 ft.) LONG ON A 400 ft. — SPACED GRID
{see Figure 3).

Controt Survey Tentative +{-25} = Final Adjusted

Station Station HReading Value {Normalizer) Value

{Miilivolts)

BL, 4W _ - 0 25
BL.,3W +3 +3 22
BL.2W -8 -8 -33
BLAW -12 -12 -37
8L.0 - -7 -32
O+50N -2 -2 -27
etc, {a "guiet’’ area)
BL,16W +5 +5 -20

BL,16W L= -_ +5 -20
BL,15W -25 20 45
etc. {probabty anomalous)
BL,12W -70 -65 -90
QO+80N -44 -39 -64

The intensity and effects of magnetic storms in north-
ern areas are enhanced near strongly magnetic iron for-
mation. During a magnetic storm, SP readings fluctuate in
an unpredictable and random fashion similar to
fluctuations observable on a magnetometer under the
same conditions. Generally, the magnetic storm has no
effect on the SP readings until the two pots are more than
about 100 metres apart; and increased pot separations
increase the viclence of the fluctuations. Magnetic storms
may start suddenly and last only a few minutes, or they
may fast a few days. Except for short traverses, an SP

survey with a reel of wire is not possible under storm con- .

ditions. Below, an alternative field method will be dis-
cugsed which can avoid the effects of a magnetic storm.
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(3) Alternative Field Methods

Topographic Problems

Although the influence of topography on SP readings
may be interpreted and anomalies recognized, the prob-
lerms can be confusing to the inexperienced operator. For
several years, the author has used a technigque which ef-
fectively inhibits the topographic effect and gives better
ground contacts, even on rubble and bare outcrops.
First, two porous canvas sample bags are filled with
material which will stay wet for several hours, such as
black muck, loam, or sawdust. Second, a pot is ingerted
in each sample bag and tied on. Both pots are then in



contact with a medium of constant pH, and the influence
of varying acidity is strongly attenuated. As a result, read-
ings become more uniform, the background displays a
narrower range, anomalies in swamps are better defined,
and anomalies on hills are less negative and less exag-
geraled. A final adjusted value of + 10 mv for the most
positive value 5 adequate, and a -25 mv value may be
anomalous.

Magnetic Storm Problems

A magnetic storm can hamper or preclude an SP survey
conducted with a reel of wire. However, by moving both
pots al a constant separation along a survey line, it is
possible to overcome the effects of a magnetic storm.
Orly on rare occasions such as in northern latitudes near
strongly magnetic iron formation, could there be any
fluctuation with a pot separation of about 15 metres (50 )
or $0.

There are two alternalive methods by which two op-
eralors can move aong a survey line without the reel, but
linked together by about 20 m of wire, to allow for 15 me-
tre-spaced {50 ) readings in rugged topography. Both
methods are much faster than a survey conducted with a
reel since it is not necessary to walk back along a line and
reel the wire in. From the base line the operators can sur-
vey along the longest lines, traverse across along a tie-
tine or through the bush to an adjoining line, and survey
along it back to the base line, and over to the starting sta-
tion to tie in—similar to magnetic surveying methods.

Cne method requires that the rear negative pot be
moved up to the same ground contact location on which
the forward positive pot was positioned. Under field sur-
vey conditions this method is impracticable due to the dif-
ficuity of placing the rear pot on the exact ground contact
position of the forward pot, such that every station be-
comes an uncontrolled "control station™.

A preferable alternative for SP surveying during
magnetic storms is the "leapfrog method™ shown in Fig-
ure 6.

This method sclves the problem of uncontrolled con-
trod stations, but adds to the arithmetic computations of
the operalor taking noles since each station has o be
evaluated before the next station is “read”. Both of the
methods involve adding the inverse pot difference to
each reading.

For example, the leapfrog pattern can be started
from an established conltrol station on the base line with
an assigned tentative value of 0 mv. An exarnple of typi-
cal survey notes 1s shown n Table 2.

The control station, with a tentative value of 0 mv,
reads the positive pot at 0+ 50N, The reading is +5 mv;
thus, with a pot difference {P.0.) of -1 mv, the corrected
reading is +6 mv and the tentative value is 0+6 = +6
myv. Next, the negative pot is moved to 1+ 00N and reads
station 0+ 50N. The corrected reading is -9 mv. Thus,
0+ 50N is 9 mv more negative than 1+ 00N; or 1 +00N is
9 mv more positive than 0+ 50N. Thus 1+00N has a
transposed reading of + 8 mv (see Table 2), and the ten-
tative value at 1+00N 15 (+6) + (+9) +15 mv. The
positive pot is then moved from 0+ 50N to 1 +50N. Sta-
tion 1+ 50N has a tentative value of +31 mv. The nega-
tive pot is then moved to 2 + 00N and reads 1+ 50N. {f the
corrected reading is 4+ 36 mv, then the transpased read-

- ing of -36 mv means that 2 + 00N is 36 mv more negative

than 1 + 50N and thus has a tentative value of -5 mv.

To ensure that results are meaningtul, it is important
to keep a careful record of each reading and calculation
for later rechecking. On returning to the base line, the
readings should be tied-in to the control station from
which the traverse started. An exact tie-in or equivalence
of starling and finishing readings at the control station is
unlikely, but depending on the number of stations read,
one can treat the tie-in error as one would {reat correc-
tions for magnetic diurnal variation during a magnstic
survey. For example if the tie-in reading is +50 mv after
50 readings, then working backwards one would distrib-
ute the discrepancy by adding -50 to the last reading, -49
to the second last, and so on. However, if the change in
readings at the control station is several hundred mithi-

Base Line
0+ 50M 1+00N T+50N 2+00N
——— 15t Reading ————— — 2nd Reading ~—— —p~— — 3rd Aeading — — =~ — — 4th Reading— —
I +5 miv ” =10 my ” +15 mv [I +358 my i
Control
Station - o 25 -
Omv

(-) )

{—

) {+} (-}

Figure 6—An example of the “leapirog" method of SF surveying with a fixed length of wire (see also Table 2).
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TABLE 2 | AN EXAMPLE OF SP SURVEY NOTES FOR A SURVEY CONDUCTED USING
THE “LEAPFROG” METHOD WITH A FIXED LENGTH OF WIRE (see Figure 6).
Reading plus inverse Transposed Final
Control Survey Pot Difference Reading at Tentative Adjusted
Station Station Pot PD.={-1) MNegative Pot Value Value
{Millivolts)

BL,O 0+00 -} - - a .
O+50N {+ +5+{+1}=+8 +(+G} +6
1+00N {-) -10+{-+1}=-9 -{-9 +158
1+50N {+) +15+H{+1}=+16 +{+16}) +31
2+H0ON (-} +35+(+1)=+36 -(+36) -5

velts it is necessary to recheck calculations or resurvey
the lines.

Althaugh faster, this alternative method is somewhat
complicated, requires careful arithmetic, and usually in-
volves an adjustment to bring the relative vaiues into rea-
sonable perspective for interpretation. Despite savings in
time, it is not recommended unless one is obliged to use
it due to magnetic storms or a shortage of wire.

(4) Notes on the Interpretation of SP
Survey Results

The results of an SP survey can be effectively repre-
sented and interpreted by using 1naps on which the final
adjusted values are shown along with SP line profiles, or
moare preferably, SP contours of appropriate intervals. if 2
good background range is established, most anomalies
are well delineated as more negative areas.

Anomalies of -450 mv, or more negative, are due to
graphite, but anomalies of -350 1o -400 mv can occurin a
variety of lithologic of mineralized conditions. Generally,
detailed follow-up readings along the strike of the ano-
maly can resolve some of the possibilites.

Another situation sometimes encountered during an
SP survey is a line of values which are more negative than
the values along the adjacent lines on each side. This
means that the anomaious SP contours run along the line
at right angles to the base line and also to the regional
strike. This condition may either be due to a loss of con-
trol, or the presence of a crosscutting conducting body
which may contain sulphides. Loss of control may be due
to & sudden change in pot difference, an erroneous read-
ing (value) of the control station, or location of the control

12

station over an anomaly. Similar to magnetic surveys, SP
surveys are better controlled from nonanomalous control
stations. If control stations are to be set up on the base
line, it is preferatle to first survey the base line, back and
forth if necessary, to establish reliable values. Then, if
some parts of the base line are anomalous, these should
be avoided as control stations if possible. Since slight
varations in moisture or temperature can change the
electrical potential of any station, it is likely that in an ang-
malous area the change will be greater. To determine the
cause of an anomalous line of values, the readings along
it should be repeated. Repeated surveys of SP anomalies
due to buried conductars are generafly replicative. al-
though, they may change in strength due mainly to varia-
tions in the level of the water table. A low water table
produces stronger negatives than a high water table.

If duplicate readings should substantiate that an
anomaly follows along a survey iine, some follow-up
cross traverses perpendicular to the line may be equired
in order to detail the anomaly as depicted n Figure 7.

In some cases the line profiles or contours of SP va-
iues may be used to approximately indicate the direction
of dip of a conducting body (see Figure 8}. This is partici-
uarly so in level areas of no tepographical eftect or when
using the canvas sampie-bag method (see “Alternalive
Field Methods™)

(5) Mineral Prospecting with the SP
Method

The main procedures of the SP method are described un-
der the heading "Conducting an SP Survey” SP pro-
specting may be conducted with a reel of wire; or, at a
constant put separation, depending on which 15 more
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Figure 7—An example ot an SP anomaly (arbitrary contour values) detailed by cross traverse fines.

convenient. Normally, it is not necessary to cut picketed
grid lines for prospecting, as pace-and-compass trav-
erses provide sufficient control over location of anoma-
lies.

When an anomaly has been detected it should be
“peaked up”. This means that the forward pot is moved
back along the survey line until the highest reading on
that traverse line is accurately located. This may require
moving the pot only a few centimetres along the line.
Next, the rear pot and millivoltmeter are moved up close
to the anomaly, preferably at or near a surveyed station
so that the new contro! station can be tied-in to the rest of
the survey values. As an example, the peak on the survey
line in Figure 9 is -225 mv; since somewhere along strike
the peak could rise to a "graphite” level, it is necessary o

maintain some control over the relative magnitude of SP
values. Assuming the new control station is found to be
valued at -125 mv, it is possible to do a further check per-
pendicular to the traverse tine to establish the location of
the anomaly peak more accurately. If there is higher
ground to the right and lower ground 16 the left, it is pretf-
erable to test the higher ground first by a detailed parallel
traverse line some 5 to 10 m from the original survey line,
as shownin Figure 8.

'f a second peak of -285 mv is located to the right,
this means that the best direction was chosen, and an-
other detailed traverse line should be surveyed farther to
the right. The third peak may be only -105 mv. Thus the
strongest vaule is near -285 mv. Next, it is possible to pin-
point the SP target by "polting™ along strike until the maxi-

SURFACE 5.F. SURVEY STATIONS

S.P. LINE FROFILE

S.P. CONTOURS

S S S a o Pl i P o
A AL . C - et i~y {‘} e o
CONDUCTING
x SULPHIDE
B L BODY
x X X x ~—DiP

-—DIP

Figure 8—An example of dip determination using 5P data.
{A)—cross-section of a dipping sulpfude body.

(B}—line profile of SP readings over (A} showing smooth gentle slope on the down-dip side and steep abrupt

slope on the up-dip side.

(C)—contours of 5P readings over (A) showing wider spacing interval down-dip and a closer interval up-aip.
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SURVEY
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Figure 9—An example of detailed foflow-up surveying
used to locate a maxirnum SP peak.

mum peak is focated, probably between the original trav-
erse line and the -285 mv value for the above example.
Assuming the highest peak value is -320 mv, this is where
the source of the anomaly is Closest to surface. To evalu-
ate whether the anomaly can be exposed by stripping, it
is necessary to “pot” around the highest peak by taking a
dozen or o readings over an area of about 30x30.cm? (1
f12).

If the readings around the peak vary by only 1to 5
v within the square area, then the source of the anomaly
is prabably below the water table and inaccessible by or-
dinary overburden stripping. It the readings vary by 5 to
15 mv or more, the angmaly is above the water table and
probably may be exposed by stripping off the overbur-
den with a shevel and pick. If the peak area varies by 25
to 50 mv or more, the source of the ancmaly is probably
glraphite which may, or may not, be above the water ta-
ble.

Analternative to the grid prospecling method for sur-
veying well-staked contiguous claims is the “spiderweb”
technique iflustrated in Figure 10.

Four claims can be covered fram a single control sta-
tion. This method is recormmended for base metal pro-
specting in areas where only large sulphide bodies are of
interest. it is not recommended for gold prospecting.
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Figure 10—The “spiderweb"” method of SP surveying.

CONCLUSIONS

Lang (1970, p.162) states: “Of all the geophysical meth-
ods applicabie to the search for suiphides, the spontane-
ous polarization technique provides the quickest field
procedure and also furnishes highly definite information
as to the occurrence or absence of sulphide mineraliza-
tion.. . With the exception of graphite there are but few in-
significant factors to lead the gecphysicist astray when
interpreting the spontaneous polarization resuits.”

Nevertheless, because varying concentrations of
iron sulphide are cormmon near the surface of the earth’s
crust, and are readily detected by the SF method, there
may be a considerable number of SP anomalies which
are due to uneconomic mineralization. Thus SP should be
combined with other prospecting methods when the na-
ture of mineralization 15 in doubt. Also, laboratory and
field research into several important aspects of the SP
method are lacking. For example, the feasibility and ef-
fectiveness of SP surveys over ice are not well estab-
lished. Other areas of possible investigation include the
effects of magnetic storms, the extra intensity of these
storms near major iron formations, the effect of hydrother-
mal alteration on SP anomalies, improvemeant of the can-
vas sample-bag technique (see "Alternative Field Meth-
ods”) to eliminate potentials due to varying soil acidity,
derivation and refinement of fopographic correction tech-
niques, and use of the SP method to monitor earthquakes
or atomic explosions.
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