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Spring Break Field Trip
AES-277, FIELD MAPPING OF ORE DEPOSITS

M.T.Einaudi

The field portion of this course is held during Spring Break and can be taken alone for 1
unit credit; students specializing in ODEX are required to write two papers summarizing the
results and interpretation of their mapping at two different sites. These reports are written
during Spr Qtr and yield 2 additional credits (total 3 credits). Register during Spring Qtr. This
course is open to anyone who has taken: Geo 103A,B or equivalent; and AES 120 or consent of
instructor. Anyone wanting to come for any portion of the trip and not desiring credit, please see
MTE.

Advanced Preparation:

Students planning to take this course are required to attend two preparatory lectures, as
follows:

1. March 11, noon, B-59 Mitchell - General introduction to geology of Yerington
district, Nevada; organization and procedures during trip; presentation of mapping techniques
employed.

2. March 13, noon, B-59 Mitchell - Geology of skarns and porphyry deposit.s in the
Yerington district.

Students also are required to read the following articles before the depdrture date of March
20 (on reserve in Branner):

V1. Einaudi, M.T. (1977) Petrogenesis of copper-bearing skarn at the Mason Valley
mine, Yerington district, Nevada: Econ. Geol., v. 72, p. 769-795.

2. Einaudi. M.T. (1982) Description of skarns associated with porphyry copper plutons,
in, Titley, S.R. (ed.) Advances in the Geology of the Porphyry Copper Deposits, Southwestern
North America: Univ. Ariz. Press, Tucson, p. 139-183.

3. Harris, NB., and Einaudi, M.T. (1982) Skarn deposits in the Yerington district,
Nevada I. Metasomatic skarn evolution near Ludwig: Econ. Geol., v.77, p. 877-898.

4. Proffett, JM., Jr. (1977) Cenozoic geology of the Yerington district Nevada and
implications for the nature and origin of Basin and Range faulting: GSA Bull., v. 88, p. 247-266.

V”~ 5. Proffett, JM., Jr., and Proffett, Beth H. (1976) Stratigraphy of the Tertiary ash flow
tufls in the Yerington district, Nevada: Nev. Bur. Mines Geol., Rpt. 27, 28 p.

Proposed Schedule:
March 20 (Friday) - Departure from Stanford at noon; arrival at Yerington 6 pm.
March 21 (Saturday) - Ezcursion over Singatse Peak. Study of lower Tertiary erosion
surface and of overlying Tertiary ash flow tuff sequence. Examination of flat faults (rotated

normal faults) formed during pre-Basin and Range exztension. Patterns of wall-rock alteration in
Ann Mason porphyry copper system.

March 22-24 (Sun-Tues) - Mapping of surface trenches at MacArthur prospect, a



-2.

porphyry copper deposit of Jurassic age tilted on its side by pre-Basin and Range faulting. One-
half day on recon of alteration-mineralization patterns as a function of paleodepth-- we have 8 km
of paleovertical relief to work with. Two and one-half days on detailed (1 in = 20 to 50 ft)
geological-mineralogical mapping to deduce time/space relations in mineralized core of system
(both hypogene and supergene processes will be evaluated).

March 25 (Wed) - Ezcursion through contact metamorphic-metasomatic aureole
developed in Triassic-Jurassic sedimentary-volcanic rocks on the margin of the Jurassic Yerington
batholith. Metamorphic hornfels, reaction skarns, skarnoids, endoskarns, exoskarns, and their
space-time relations.

March 26-28 (Thurs-Sat) Detailed surface outcrop mapping (1 in = 50 ft) of the

Casting Copper skarn deposit near Ludwig. This is one of the most spectacular and best exposed
skarn deposits that I know of.

March 28 (Sat) - Departure for Stanford around noon, depending on weather
conditions at Donner pass.

IF YOU INTEND TO PARTICIPATE IN ANY WAY, PLEASE SIGN UP ON THE
BOARD OUTSIDE B-57 (MTE’s office).

The official base camp for this trip is:

In-Town Motel, Yerington, Nevada
702-463-2164
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Summary” of Geology of Yerington District

Proffett, J. M., Jr., and Dilles, J. H., 1984, Geologic Map of
the Yerington District, Nevada: Nevada Bureau of Mines and Geology,

Map 77.

(Text accompanying map)

INTRODUCTION

The geologic map of the Yerington district has been made by
geologists employed or supported by the Anaconda Minerals Company,
a division of the Atlantic Richfield Company. Geolagic mapping started
in the early 1950’s when the Yerington porphyry copper deposit was
put into production and Anaconda began axploration in the district. In
the thirty years since, more than twenty-five geologists have con-
tributed greater than eight man-years of geologic mapping in the area.
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GEOLOGIC HISTORY

The Yerington district is underiain by early Mesozoic volcenic and
sedimentary rocks intruded by two Middle Jurassic batholiths and an
early Mesozoic pluton. Mesozoic rocks are unconformably overlain by
Oligocene ignimbrites and Miocene andesites, sediments, and basalts.
Major east-west-striking steep faults developed in Middle Jurassic time,
and east-dipping normal faults and related westward tilting developed in
late Cenozoic time. All pre-late Miocene rocks have been tilted steeply
west; thus, the surface map reveals what would have been nearly a
cross-sectional view before tilting.

Early Mesozoic volcanic and sedimentary rocks are exposed at
McConnetl Canyon and Ludwig in the southern Singatse Range, in Guild
Canyon in the northern Singatse Range, and along Schurz Highway in
the northern Wassuk Range. The volcanics of McConnell Canyon ers
the oldest rocks, dated at 214.7 = 6.8 m.y. {Late Triassic?) by the
whole-rock Rb-Sr method (Proffett, Livingston, and Einaudi, in prep.).
This unit is comprised of a thick pile (4300 ft) of submarine(?) andesite
and felsite flows, breccias, and sediments cut by quartz porphyries..
Two sections of rocks mapped as Tar? and a? may be older than the
volcanics of McConnell Canyon; ong section is south of 38°55°N on
the east half of the map area, and the other is south of the Jurassic
granodiorite porphyry dike (which occupies a major fault) in Sand Can-
yon, southern Singatse Range, on the west half of the map area. On the
east half of the map area Rr? and Ra? are intruded by diorite of the
earliest phase of the Strosnider Ranch pluton. Petrographically similar
diorite in the ngrthern Wassuk Range has a concordant U-Pb zircon date
ot 230 m.y. (J. H. Dilles and J. E. Wright, unpub. data). The Strosnider
Ranch quartz monzonite-diorite pluton is probably Middle Jurassic or
older and is petrographically dissimilar to the large Middle Jurassic
Yerington and Shamrock batholiths.

The volcanics of McConnell Canyon are disconformabty overlain by

‘limestons with upparmost Karnian (lower Uppar Triassic) ammonoids.

At Schurz Highway this limestone is the lowest unit exposed. At
McConnell Canyon the limestons is overlain by a 16800-foot-thick se-
quence of carbonaceous calcarecus argillite, volcaniclastic sediments,
and limestone with Norian fossiis (middle Upper Triassic). Possibly cor-
relative rocks are 8600 fest thick at Schurz Highway. These rocks are
overlain at McConnell Canyon and Ludwig by a8 massive Norian(?) lime-
stone, B75 feet thick, perhaps equivalent to Noble's (1962) limestone
in the Oreana Peak Formation. Tha Narian(?) limestone is conformably
overliain by a sequence of thin-beddad limestone, bedded feisitic
siltstone and tuffs, and carbonaceous and calcaraous argillite in which
volcanic detritus dacreases upward. This sequance spans the Triassic-
Jurassic boundary and may be equivalent to parts of Noble's (1962)
Gardnerville Formation.

The Karnian to Lower Jurassic volcaniclastic and limestone sequence
appears to have formed in a modarately ghallow-water marine shelf en-
vironment near an active volcanic arc and is overlain by Lower to Middle
Jurassic beds that record the closing of a shallow basin and its dessica-
tion, without concurrent volcanic activity. The lowest unit of these bads
is the thin limestone of Ludwig, a calcarenite probably formed in a beach
or perhaps supratidal environment. The limestone of Ludwig was suc-
ceeded by bedded gypsum, indicative of evaporite formation in a closed
basin. Above the gypsum is a unit of well-sorted, subrounded quartz
sandstone with minor arkosic beds that probably originited as wind-
blown dune sand transgressing across the basin as it dried: it is probably
correlative with Noble's (1962) Preacher’s Formation. At the top of the
sandstona unit, thin arkosic beds appear to be intercalaied with basal
andasitic tuff-breccia and sediment of the andesite of Artesia Lake. The
andesite of Artesia Lake consists of andesitic and dacitic finws, breccia,
sandstone, and tuff that form a thick and complex subareal{?} volcanic
pile centared over the Yerington batholith. The andesite of Artesia Lake
marks the beginning of a Middle Jurassic pulse of valcanic and plutonic
activity.

Mesozoic plutonic rocks compose 80% of ths pro-Tertiary rocks ex-
posed in the Yerington district; the area may be considered a Jurassic
part of the Sierra Nevada batholith. The plutons were emplaced to
relatively shallow levels and shouldered aside the asrly Mesozoic
volcanic and sedimentary rocks, which are now exposod as folded .
pendants within the batholiths. At Ludwig they now form an overturned
anticline between two Middle Jurassic bathcliths, Here they have
undergone contact metamorphism to upper albite-epidote facies and
hornblende hornfels fecies (Harris and Einaudi, 1982). The voicanics of
McConneil Canyon consist of biotite- or hornblende-bearing schists and
hornfels.

Three major plutons were intruded in the map area. They are the
Middle Jurassic Yerington batholith, the younger Middle Jurassic
Shamrock batholith to the south, and the Strosnider Ranch pluton, of
probabte Middle Jurassic or older age.

The Yerington batholith is a pluton bordering between atkali-calcic
and catc-alkalic in cemposition; it underlies most of the central part of
the map area and originally formed a 100 mi? east-waest elongate mass
centered In the Yerington district ranging from the northern Wassuk
Range on the sast to the northern Pine Nut Range on the west. The
bathalith is composite and is strongly diffarantiated from early
grancdiorite to quartz monzanite to porphyritic quartz monzonite and
finally to quartz monzonite porphyry, with a succassive decrease in the
volumes of intrusions. Concordant U-Pb zircon dates (J. H. Dilles and

J. E. Wright, unpub. data) show that the entire batholith was smplaced
within 1 million years at 169 m.y. (granodiorite is 169 m.y. and quartz
monzonite porphyry is 168 m.y.).

The earliest intrusive phase of the Yerington batholith consists of a
large body of fine-to medium-grained biotite-hornblende granodiorite
associated with small bodies of layered cumulate hornblende gabbro in
deep and border exp es. At shallow levels granodiorite was em-
placed as a series of stocks, dikes, and sills that intimately intrude the
andesite of Artesia Lake. In these exposures the granodiorite is textural-
ty similar to andesite, suggesting that the two may have been emplaced
nearly contemporaneously and may be comagmatic. The granodiorite
shows many internal crosscutting contact relations and a range of
chemical compositions (58%-62% $i0,), suggesting that it was em-
placed as a series of pulses of magma. Along the contacts with the car-
bonate part of the early Mesozoic section, the granodiorite is commonly
converted to grossular-andradite garnet- plagioclase endoskarn, and the
adjacent metasedimentary rocks are converted to grossular-andradite
garnet hornfels (skarnoid) as part of an early high-temperature meta-
morphic-metasomatic event (Harris and Einaudi, 1982).

The second phase of the Yerington batholith is medium-grained
biotite-hornblende quartz monzonite that formed an irregular, flat-
topped intrusion into the center of tha granodiorite. Contacts are mark-
ed by a fine-grained, more silicic border phase, suggesting that the
granodionte had crystallized and partly cooled by the time the quartz

hite was emplaced. The quartz monzonite shows a variety of tex-
tures and compositions and was emplaced to relatively shallow levels
that are below the top of the granodiorite.




Proffett and Dilles, 1984a, (text-continued)

The next major intrusion was medium-grained hornblende-biotite pos-
phyritic quartz monzonite; this intrusion is coarser grained snd was
emplaced relatively deeply and centraily within the bathalith as a stack
with 8 series of cupolas along its top. Swarms of quartz monzonite por-
phyty dikes which originate from the porphyritic quartz monzonite
below cut through the tops of the cupolas. The dikes form major
swarms that were otiented northwest-southeast and dipped almost ver-
tically in Jurassic time. Porphyry copper mineralizatio.n formed contem-
poransously with the emplacement of the porphyries and occurs locally
where they cut the apices of the porphyritic quartz monzonite cupolas,
such as at the Yerington Mine and in the Mickey Pass {Ann-Mason)
area. At the Yerington Mine at least four ages of porphyry dikes occur;
the esrlier two contain copper mineralization (Einaudi and others, in
prep.). Extensive sodium-calcium {Carten, 1981), potassic, albitic, pro-
pylitic, and sericitic alteration developed around the porphyry copper
centers due to the circulating hot hydrothermal fiuids. The porphyry
dikes and fluids are probably synchronous with the development of cop-
per and magnetite skarns within the adjacent early Masozoic carbonate
{Einaudi, 1977; Harris and Einaudi, -1982).

Shortly following the emplacement of the main part of the Yerington
bathalith, Middle Jurassic latitic volcanics of Fulstone Spring erupted, 8
large east-west graben structure enclosing the Yerington batholith
formed, and fauits of the graben structure were intruded by granodiorite
porphyry dikes. It is not clear whather these events are related to the
final stages of magmatic sctivity of the Yerington batholith or to a
distinctly younger event. In the Buckskin snd Pine Nut Ranges to the
west of the map area, the Middle Jurassic volcanics of Fulstone Spring,
consisting of latite and quartz latite domes, flows, breccias, and ash-
flow tuffs of subareal origin, discomformably overtie the andesite of
Artesia iake. Unaltered dikes of Jurassic granodiorite porphyry were in-
truded, commonly along major east-west Jurassic faults that cut the
volcanics of Fulstone Spring, the Yerington batholith, and older rocks. In
the Wassuk Range, Bingler {1978) reports two such dikes occupying
0ast-west structures; near the Northern Lights Mine, a dike occupies a
high-angle fault that displaces tha early Mesozoic section moare than
8000 feet down to the north (pre-tilt), and the second parallet fault is 5
miles north near White Mountain and hes approximately the ssme
displacement of early Mesozoic rocks, but displacement of Mesozaic
rocks is down to the south (pre-tiit). Thus, in the northern Wassuk
Range the two faults defing a major (pre-tilt) graben structure that has
downdropped a block containing the Yerington batholith shortly after
and possibly during its emplacement. The graben structure continuas

. westward into the Yerington district; the southerly fault is marked by

the Jurassic granodiorite porphyry dike exposed along 38°55°'N on the
east haif of the map and in Sand Canyon in the southern Singatse Range
on the west half of the map area. The northerly fault is marked by a dike
in the northern Buckskin Range that continues into the northern Pine
Nut Range (Castor, 1972). :

The Shamrock batholith forms the second major Middle Jurassic
batholith and has a concordant U-Pb zircon age date of 165 m.y. (J. H.
Dilles and J. E. Wright, unpub. data) near Shamrock Hill in the southern
Singatse Range. The batholith consists of biotite-hornblande quartz
monzonite and crops out from the scuthern Singatse Range to the Pine
Nut Range. In the Pine Nut Range between Mt. Siegel and Mt. Como,
Stewart and Noble (1979} have referred to it as the Mt. Siegel
batholith. In the Singatse Range, it lias to the south of the Yerington
batholith and is separated from it by a pendant of early Masozoic rocks.
On Mt. Como the Shamrock batholith cuts the volcanics of Fulstone
Spring. West of Sand Canyon the Shamrock’ quartz monzonite trends
across the westward projection of the Jurassic granodiorite porphyry
dike of Sand Canyan, and itis therefore infarred to be youngsr than that
porphyry.

The final pre-Tertiary rocks that wera emplaced are narrow flow-
banded, crystal-poor rhyolite dikes and fine-grained, crystal-poor dark
andesite dikes. Andasite dikas cut the Shamrock batholith artd rthyalite
dikes but do not cut Late Cretaceous plutons in the northern Schurz
quadrangle; they are inferred to ba Late Jurassic or Early Cretaceous.

Following the emplacement of the Jurassic batholiths thers is a long
hiatus in the stratigraphic record until the Oligocene. During this period,
uplift and erosion occurred over most of the area, stripping much of the
upper portions of the batholiths and the early Mesozoic section.
Cretaceous plutons ars inferred to hava been emplacad in the area at
depth because they occur in the Pine Nut Range (Noble, 1962) to the
wast and the Wassuk Range (Bingler, 1978) to the east. Additionally,

K-Ar radiometric dates from the Yerington batholith have been ‘widely .
da Co., unpub. dats), .

reset to ages as young as 91 m.y. (A
Gamet-muscovite-bearing granite that could be Cretacecus occurs in
deup drill core from the MclLeod Hill area.

Some structural tilting appears to have occurred in this pericd.
Geissman snd others (1982) hypothesize, based on paleomagnetic
data, that Mesozoic rocks were tilted 20°-40° or more westward
about northeasterly structural axes.

Near the end of the period of erosion, conglomerates and basaits
were deposited within an early Tertiary west- and northwest-trending
river channel (Proffett and Protfett, 1976). The basal Tertiary deposits
wete subsequently overiain by a series of ash-flow tuff shaets primarily
comprised of quartz latite. After filling over 4000 foet of early Tertiary

topography, the ignimbrite sheets tiowed out over the tops of Tertiary
hills; up to 7500 feet of tulf were deposited. Five major Ofigocene tuffs
ware erupted, ranging from approximately 28 to 24 m.y. old {Proffett
and Proffett, 1976). The tulfs were, trom oldest to youngest, the Guild
Mine Member and the Weed Heights Member of the Mickey Pass Tutf,
the Singatse Tuff, the Bluestone Mine Tuff, and the tuff and breccia of
Gallagher Pass. Two other thin Oligocene tuffs are locally present: early
ignimbrite remnants (pre-Guild Mine Member) and the Biue Sphinx Tuft
(above Bluestone Mine Tuff and below the tuff and breccia of Gallagher
Pass). The Oligocene tuffs are part of widespread sheets that have been
traced as far as Carson City 10 the west-northwest and as far as Luning
to the east-southeast {see Ekren and others, 1980). The source of part
of tha Bluestone Mine Tuiff has been identified about 50 miles to the
east (Ekren and Byers, 1976), but the other tuffs are from unknown
sources. The Guild Mine Member and the Weed Heights Member of the
Mickey Pass Tuff are compositionally zoned from 65% SiO, near the
base to 72% SiO, near the top, white the Singatse Tuff is relatively un-
zoned; all three are quantz latites. The Bluestone Mine Tuff is rhyolitic
(76%-76% Si0a), while the tuff and breccis of Gallaghar Pass is
dacitic (64% SiO.). The ignimbrites represent very large volume erup-
tions (Guild Mine Member, >600 km?; Singatse Tutf, > 3500 km?)
(Proffett and Proffett, 1976).

The Otigocene ash-tlow tuifs were followed by local flows of early
Miocene olivine pyroxene basalt. The bassalts are overlain by flows,
flow-breccia, tutf-breccia, and sediments of the Miocene hornblende
andesite of Lincoln Flat; they aie intruded by related dikes and plugs of
hornblende andesite and hornblende or biotite dacite. Hornblende
andesite volcanism began aboutl 13 m.y. ago, and as it diedout 17-18
m.y. ago, basin-and-range normal faulting began. The normai fauits dip
east and are curved, concave upward, with net displaccments in an
east-west direction of up to 2 5 mites. Movemant along the faults
resulted in steep laverage 60“) westward tilting of the Mwocene
andesites and of all older racks. As faulting and tilting progressed, faults
were rotated to gentle east dips and became inactive. and movement
was taken up on younger, higher angle faults. More than 100% east-
west extension took place across the district due to normal faulting
(Proffett, 1977).

Fanglomerate, sandstone, and tuffaceous sediments were deposited
lecally in basins that were formed after the cnset of normat taulting.
These sediments are lass tilted than pre-early Miocene rocks and in-
clude sediments correlative to the 7.5-12.5-m.y.-old Wassuk Group ot
Gitbert and Reynolds {1973). Flows of olivine pyroxene basalt dated at
8-11 m.y. (Proffett, 1977) are interbedded with end cap some coarse
conglomerate in the southern Singatse Range. Lower flows are tilted
6°-20° westward, and the uppermost flows are tilted 5°-6° west-
ward; thus, most low-angle normal faulting and tilting in the area had
taken place by 8 m.y. Similarly, most normal faulting to the south of the
map area occurred prior 10 7.5 m.y.; the younger high-angle normal
faults that are responsible tor much of the modern topography are
Quaternary (Gilbert and Reynolds, 1973). In the Yerington district, nor-
mal faults that cut 8-11.m.y.-old basalt and younger alluvium dip
steeply east. Some of these occur along sctive range fronts and
displace Quaternary sediments {Proffett, 1977). Within the modern
basins, alluvium (including pediment gravels and flood plain silts, sands.
and gravels) have been deposited with minor windblown sand and lzke
deposits. Alluvium, sand, and lake deposits range in age from late
Pliocene(?) or Plaistocens to Holocene.
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THICKNESS DESCRIPTION . NAME
. n Alluvium, fanglomerate, sandstone, lake and flood-
O] varisble plain deposits.
\ MINOR ANGULAR UNCONFORMITY
> +270° Flows of pyroxene olivine basalt. 8-/ Ma
2 Coarse basal conglomerate, overlain by fanglomerate, in
- 1400’ turn overlain by pebble-cobble conglomerate, nndmne.
© and siltstone.
AANRRANN A0 ANGULAR UNCONFORMITY oo
Flows. breccia, tuff-breccia, sediments and intrusions of
2 1300°+ grey andesite with abundant hornblende or hornblende HORNBLENDE
] (top and plagioclase phenocrysts. Hornblende pyroxene ande- ANDESITE
o not sites common in northern Singatse Rangs. Associated OF
S| mapped) intrusions of hornblende biotite. Dacite quartz porphyry LlyEAO%N
present.
= EROSIONAL OR SLIGHT ANGULAR UNCONFORMITY 17-02 Ma
~ 0--600 Flows and breccia of olivine pyroxene basait.
EROSIONAL UNCONFORMITY TUFF AN
0—520' Crystal-rich dacite tuff-breccia, breccia, and ash-flow . gR Ecgl %F
tuff with plagioclase, biotite, and pyroxene. L, 24 Mg ALF;'A HER
EROSIONAL UNCONFORMITY
MAP UNIT 10 — White to pale-colored crystal-pcor,
200~ unwelded tuff, tuff-breccia, and sediments interbedded BLU,&?JEO NE
980" with two crystal-poor, pale brown to reddish,poorly TUFF
welded tuffs.
EROSIONAL UNCONFORMITY
MAP UNIT 9 — Brown to red-brown, strongly to =
800— moderately welded, crystal-rich ash-flow tuff with s
1350° plagioclase, quartz, sanidine, biotite,and hornblende e
phenocrysts and sparse pumice fragments. Relatively | S SINGATSE
biotite rich,
e ——— — . . TUFF
oo N (2 =""le =C- | A MarURITE = Simiar sount o burwin baft | 2
100-300° |\ | = 2 el A color and abundant foreign rock fragments. g |272 £4/Ma
- - - o= \o o. " / = e e e o e e e e ——— —— — A -
w| o-150° /|  MAP UNIT 8a — Similar to unit 9.
w . MAP UNIT 7 — White, pale green, or pate pink rhyo-
§ 100-370 litic unwelded tuffs and sediments.
3 MAP UNIT 6 — Buff to lavender toreddishbrown [ o | o2 .
o 200— moderately welded, moderately crystal-rich ash-flow | £ = | WT&
470’ tuff with plagioclese, sanidine, quartz, biotite, and °S "g‘gi
abundant white pumice fragments. 3 g
w
0-70" MAP UNIT 5 — Rhyolitic sediments. L
-
0-90' MAP UNIT 4 — White, poorly welded tuff. 4
| 0160 ‘MAP UNIT 3 — Unwelded rose pink tuff. 275zt &
MAP UNIT 2 — Brownish-pink to lavender-gray & Mﬁ, |>A':
h ) e |(&-Ar)
0-800" crystal-rich ash-flow tuff with sanidine, quartz, S Nw 5
plagioclase, minor biotite,and large white pumice e Zx s
fragments. Moderately welded. = =8
e - - e - it I e R —— 2
MAP UNIT 1 — Crystal-rich, strongly welded, brown § gg
o0— ash-flow tuff. Plagioclase, biotite, and pyroxene § =]
) phenocrysts at the base become less abundant up- ©
1700 wards. Sanidine, quartz, some plagiociase, and biotits 3
phenccrysts are present near the top.
EROSIONAL UNCONFORMITY
> ' Erosional remnants of moderately welded ash-flow tuff
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FIGURE 2. Tertisry stratigraphic section for the Yerington district, Nevada.
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Fig. /4. SPATIAL RELATION OF PORPHYRY COPPER DEPOSITS AND EXTENT OF
PALEOVERTICAL EXPOSURE OF JURASSIC AGE, YERINGTON DISTRICT, NEVADA.
Schematic vertical north-south cross section through the Yerington district in Middle Jurassic
time, illustrating the extent of paleovertical exposure that can be studied from present day
surface exposures and drill core (stippled areas). As a consequence of westward rotation during
the Cretaceous and during extensional faulting from 18 Ma to the present, Jurassic and older
rocks are tilted 90° to the west (Proflett, 1977; Geissman et al., 1982). Therefore, present plan
views are Jurassic age cross sections with "up” to the west (Proffett, 1977; Geissman et al., 1982).
The Yerington batholith intruded a sequence of marine volcanic and sedimentary rocks of Late
Triassic to Early Jurassic age (TrJvs) and its cogenetic andesitic to dacitic volcanic cover rocks
(Ja and Jql) (Proffett and Dilles, 1984a). The bulk of the batholith above 5 km depth is composed
of medium-grained equigranular granodiorite and younger equigranular quartz monzonite (Jgd);
these rocks were intruded by an irregular mass of porphyritic quartz monzonite (Jpgm) to within
3 km of the volcanic surface, forming three prominent cupolas. The quartz monzonite porphyry
dike swarms (Jqmp) emanated from the cupolas and are spatially related to porphyry copper
deposits (Ann-Mason, Yerington, and MacArthur). Cu and Fe skarn and replacement deposits
formed in carbonate wall rocks (Ludwig and Standard Slag) during the hydrothermal activity
associated with emplacement of the Jpgm magma (Harris and Einaudi, 1982).
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Geology of the Yerington Porphyry Cu Dep.osit

The fleld and compilation methods employed to date at Yerington are
described in this section in order to illustrate the level of detailed observation and recording of
data that form the basis for many of the figures presented and the conclusions
related thereto. :

Yerington Field Studies

Field studies in
. the Yerington mine were conducted by the geologic staff of The Anaconda Company during the
period 1967-1972 (Einaudi et al., in prep.), and additional work was conducted in 1979-1980
(Carten, 1981). Field studies in the district and at the Ann-Mason porphyry Cu deposit were
conducted by the geologic staff of The Anaconda Company mainly during the period 1966-1969,
and additional topical studies were pursued in 1977-1981 (Proffett and Proffett, 1976; Proflett,
1977; Einaudi, 1977a; Geissman et al., 1982; Harris and Einaudi, 1982; Dilles, 1983; Proffett and
Dilles, 1984).

The northern Singatse Range, which encompasses the majority of the Yerington district, was
mapped at 1:12,000 and 1:4800 scale for rock type, structure, alteration, and sulfide-limonite
associations. In addition, several tens of thousands of feet of drill core in the Ann-Mason deposit
and in other district prospects yielded information on subsurface geology and structure.
Compilation and synthesis of these data resulted in the detailed understanding of district geology
that we have today (Proffett, 1977; Proffett and Dilles, 1984). Of fundamental importance is the
fact that the Yerington district underwent approximately 100% extension during rotational
faulting on listric normal faults during the Cenozoic. The westward tilting that resulted is
extreme--an average of 70° of tilt is recorded by all rocks older than 35 Ma, including the
porphyry Cu deposits of Jurassic age. An additional 20 deg of westward tilt during the
Cretaceous (Geissman et al., 1982) results in a present-day surface exposure that represents a
Jurassic age cross section through the crust at depths ranging from the volcanic surface to
batholithic depths of up to 8 km (see Fig. 3). We know of no other paleovertical exposures of this
magnitude in any other hydrothermal system.

A detailed study of the geology of the Yerington mine was initiated in 1867 by the
Anaconda Company for the purposes of generating a description and an understanding of the
deposit that could be applied in porphyry copper exploration in the district and elsewhere. A stafl
of 2 to 3 geologists worked on this research project full-time for a period of 6 years.
Emphasis was placed on following shovel advances through hypogene sulfide ore zones, in order to
gather data on hypogene mineralogy, and on relogging the 260,000 feet of drill core available in
the mine and its immediate periphery. Pit mapping was conducted at 1:600 scale, and the results
were posted and interpreted at 1:600 scale (see Fig. 4). Approximately 10 level maps, spaced at
vertical intervals of 25 feet, were completed for various portions of the deposit between 3975 and
4300 feet elevation; selected portions of these level maps were used to compile the composite plan
view (Jurassic cross section) of the Yerington mine presented in Figure 6. Core logging was
conducted at 1:240 scale, summarized on strip logs at 1:1200 scale, and posted and interpreted on
cross sections at 1:1200 scale. Fifty north-south cross sections were completed at intervals of 100
feet from the east end to the west end of the deposit. One centrally located cross section was
chosen to be drilled out to the limits of alteration, 2000 feet below the bottom of the pit (Fig. 7).



Core logging and pit mapping techniques were similar; here we will describe the pit mapping
method, which was a modified version of mapping methods developed by Anaconda geologists at
Butte, Montana, and later at El Salvador, Chile. The key element of the mapping involved hand
lens identification of minerals present in each of the magmatic mineral sites of the original igneous
rock (as opposed to mapping "phyllic” or "potassic” alteration); a total of 13 alteration types
were later defined on the basis of key minerals present as compilation of results progressed. The
following items were recorded on a continuous basis by color-coded symbols and written notes:

1) strike and dip of faults, contacts, veins, and veinlet sets.
2) age relations between different faults, vein and veinlet types, and igneous intrusions.

3) percent groundmass and texture and grain size of groundmass in porphyries, percent
mafic minerals. ‘

4) classification of veins into 4 categories resulted from descriptions of vein and veinlet
mineralogy, texture, thickness, continuity, and alteration halos. During mapping, veins and
veinlets were identified as belonging to one of the categories and for each category the following
was recorded: strike and dip of veins (each vein plotted on fleld sheet), strike and dip of veinlets
and veinlet sets, average width and spacing (yielding density of different vein types), mineralogy
of vein and of alteration halo if present, and relative ages. Particular care was placed on noting
which vein types were cut at intrusive contacts.

5) percent sulfide, percent magnetite, sulfide ratios, and mode of occurrence (in veinlets or
" disseminated”).

6) for hornblende sites, continuous color-coded key for fresh hornblende, chloritized
hornblende, biotitized hornblende, chioritized biotitized hornblende, or pale green (chloritized-
sericitized) to tan (sericitized) hornblende sites.

7) for feldspar sites, continuous color-coded key for: hard, glassy, dark gray to purple
(fresh); hard, porcelaneous white, cleavage preserved (secondary oligoclase-albite), hard, lavender,
cleavage preserved (secondary orthoclase) hard, cloudy-dull, cleavage preserved (weak
sericitization); moderately hard, white, cleavage preserved (moderate sericitization); soft, white to
gray, cleavage destroyed (totally sericitized).

These data were then posted on mylar sheets for each level. Each level was represented by
4 separate sheets: rock type and structure, alteration, sulfide associations, and blast hole copper
assays. These posting sheets served as the data base for generating interpreted maps, such as
those illustrated in Figure 4.

The Yerington mine was shut down in June, 1978, and presently is inaccessible. However,
we have access to all the maps, cross sections, and progress reports that date from the 1967-1972
period, and to all of the assay data from drill core, rotary holes, and some blast holes. These data
presently are in the files of the Anaconda Minerals Company in Reno, Nevada. We also have
access to drill core and samples collected during mapping, which are stored near the mine site.
The Yerington portion of the proposed research is focussed on petrological and analytical study of
samples that can be acquired with little or no more field mapping.
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Fig. / 5. MAPS SHOWING THE GEOLOGY, ALTERATION, SULFIDE ASSEMBLAGES AND
COPPER GRADE FOR A SMALL AREA IN THE CENTRAL PORTION OF THE
YERINGTON MINE, 4050 L. Based on mapping by M. T. Einaudi, J. M. Proffett, W. W.
Atkinson, Jr., and others, 1970, at the scale 1 in = 50 ft; compiled by M. T. Einaudi, 1970, at
the scale 1 in = 50 ft. Plan maps, with north to the right, are pre-tilt Jurassic age cross sections
when viewed from east to west.

a. Rock types and structure base map: Shows the location of the shovel advances mapped.
Quartz monzonite porphyry dike swarm invaded granodiorite (GRD) wall rocks. Porphyry dikes
identified from oldest (QMP-1) to youngest (QMP-3) on the basis of crosscutting relations. Fine-
grained, chilled porphyries (QMP-C) are mostly of QMP-1 age.

b. Alteration map: Shows the succession of hydrothermal alteration styles as a function of

repeated intrusion of magma. The earliest porphyry swarm (QMP-1) is associated with the most .

intense potassic alteration which declines in intensity with distance from the QMP-1 apex; QMP-2
displays less intense potassic alteration at this structural level and cuts off quartz veinlets with
potassic alteration halos related to QMP-1. QMP-2.5 cuts both earlier porphyries and their
veinlets; it is weakly altered to a propylitic assemblage. Sericitic alteration did not commence
within the structural levels exposed in the mine until after the emplacement of QMP-2.5, a
conclusion based on the absence of quartz-sericite-pyrite veinlets cut off by any porphyry older
than QMP-3.

Alteration Key:

BIO-KSP: Pervasive alteration of plagioclase to K-feldspar (and local epidote) and of
hornblende to shreddy green biotite, accompanied by 1.5 - 3 vol % bornite, 2 - 5 vol %
magnetite, and 10 - 25 vol % quartz veinlets. Mineral assemblage: K-feldspar + biotite + bornite
+ magnetite + quartz. Related to QMP-1 apex.

BIO-(KSP): Pervasive alteration of hornblende to shreddy biotite, and. with BIO-KSP
alteration restricted to selvages of quartz veinlets.

BIO: Pervasive alteration of hornblende to shreddy biotite associated with 1 - 5 vol %
quartz veinlets, 0.5 - 1.5 vol % bornite, 1 - 2 vol % magnetite; local chalcopyrite instead of
bornite + magnetite. Represents outer potassic alteration related to both QMP-1 and QMP-2
intrusions.

BIO-(CHL-KSP): Same as BIO-(KSP) except for presence of partly chloritized biotitized
hornblende, an enhanced epidote content, and chalcopyrite more abundant than bornite; 1 - 5 vol
% quartz veinlets.

CHL: A propylitic alteration type, with minor sericite and clay in plagioclase sites, partly
chloritized hornblende (no hydrothermal biotite), traces of disseminated pyrite, and no quartz
veinlets. Elsewhere in pit, this alteration overprints fresh QMP-2.5 containing fresh hornblende,
fresh feldspars, and traces of disseminated magnetite and chalcopyrite. In QMP-2.5, CHL
alteration could predate or be contemporaneous with sericitic alteration in QMP-2.5. In QMP-3,
CHL alteration postdates the beginning of sericitic alteration at this structural level. Within this
map view, CHL alteration postdates all potassic assemblages.

CHL-(SER): Plagioclase moderately altered to sericite, mafic minerals pervasively
chloritized, K-feldspar largely fresh, accompanied by 0.5 - 1 vol % pyrite > chalcopyrite.
Generally, CHL-(SER) alteration occurs as an outer fringe on zones of more intense sericitic
alteration.

SER-(CHL): Majority of feldspars altered to sericite (minor relic K-feldspar), mafic
minerals totally replaced by chlorite + sericite, and opaque mineral assemblage dependent on
quantity and character of precursor opaque minerals (magnetite + chalcopyrite in areas of
precursor bornité + magnetite; pyrite + chalcopyrite in areas of precursor minor chalcopyrite or
magnetite + chalcopyrite); averages 1 - 5 vol % pyrite > chalcopyrite in QMP-2.5, and 1 - 2 vol
% chalcopyrite in areas affected by potassic alteration around QMP-1 and QMP-2. Rock texture
is preserved. Equivalent in age to QTZ-SER alteration.

QTZ-SER: Original rock converted to quartz + sericite + rutile + pyrite > chalcopyrite;
rock texture destroyed. Shown as black areas on Figure C-1b. Open circles within black areas of
Figure C-1b denote relics of precursor BIO-KSP alteration. Centered on swarms of pyrite-(quartz)
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veins, and as isolated, 1 - 5 cm wide selvages on pyrite veins. In the area of Figure C-1b, QTZ-
SER alteration is structurally controlled along the contact of QMP-2.5 and the QMP-1,2 zone:

c. Sulfide assemblages: Ilustrates the evolution of sulfide assemblages as a function of
successive intrusions and of hydrothermal alteration. Comparison with Figure C-1b (alteration
map) shows that low sulfur sulfides (bornite-chalcocite, and bornite) are associated with potassic
alteration, whereas high sulfur sulfides (chalcopyrite-pyrite, and pyrite) are associated with
sericitic alteration. In general, hydrothermal magnetite accompanies the low-sulfur sulfide
assemblages, disappearing at the point where chalcopyrite becomes the dominant Cu-Fe-sulfide.
Boundaries between sulfide zones are generally gradational in the potassic zone related to QMP-
1,2; however, boundaries between the cp, cp-(bn) zones related to QMP-1,2 and the py zone
related to QMP-2.5 are abrupt and also marked by a decrease in total sulfide content of from 1-2
vol % to less than 0.5 vol %.

d. Copper grade distribution map: This map is based on a geologic interpretation of blast
hole assays. The high grade zone (>0.8% Cu) correlates with potassic alteration and bornite-
magnetite mineralization related to the QMP-1 apex. The low grade zone (<0.1 % Cu)
corresponds to the late porphyries, QMP-2.5 and QMP-3. Grades of 0.2 - 0.8% Cu occur in these
late barren porphyries only in areas of quartz-sericite alteration.
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Fig. /6. PLAN MAPS (JURASSIC AGE CROSS SECTIONS) OF THE YERINGTON
PORPHYRY COPPER DEPOSIT, NEVADA. Based on mapping by M. T. Einaudi, J. M.
Proffett, D. L. Gustafson, G. H. Ware, and others, 1967 - 1972, and by Carten (1981), at the scale
1in = 50 ft; compiled by M. T. Einaudi, 1975-1976 and 1981-1982, at the scale 1 in = 100 fe.
When viewed from east to west, these plan maps represent pre-tilt Jurassic age cross sections. that
fllustrate geologic relations over 2 km of paleovertical exposure (Fig. 3).

a. Rock types and structure: This Jurassic age cross section illustrates the porphyry dike
swarm (QMP) emanating from, and breaching, a cupola of. porphyritic quartz monzonite (PQM)

at depth. In black is the earliest recognized intrusion in the central portion of the pit (QMP-1, see
Fig. 4). The apex of QMP-1 is well-defined by mapping on several levels and by core drilling—this
intrusion did not vent to the surface, but created a major high grade ore zone (see Fig. 5). At
. depth, QMP-1 merges with, or is cut off by, the major North dike intrusion (QMP-n), which
grades at depth into PQM. The PQM cupola is breached by the QMP-2 dike swarm, which cuts
QMP-1 in the central portion of the pit and extends to the lower Tertiary erosion surface. QMP-
1, along with QMP-2, are thought to have introduced all of the copper into the Yerington system.
These intrusions are cut by QMP-2.5, which was emplaced.as a plug-shaped mass whose upper
contact is marked by a zone of crenulate pegmatite (quartz + magnetite) 10 to 20 cm thick. The
last intrusion was a single dike, QMP-3; it extends to the lower Tertiary surface and may have
vented at the Jurassic surface.,

b. Alteration: Nlustrates the muitiple overlap of alteration in space and time. The key
patterns are an early (QMP-1 age) and middle (QMP-2 age) stage of potassic alteration (K1 and
K2, respectively) near the apices of dike swarms, and of linked sodic-calcic alteration (A; Al and
A2 not distinguished on this map) at depth in the region of the PQM cupola. Potassic alteration
has been described in the caption of Figure 4. Sodic-calcic alteration consists of oligoclase-
quartz-sphene alteration on the margins of quartz, quartz-epidote, and quartz-oligoclase veins. In
the upper portion of the sodic-calcic zones, quartz-tourmaline veins occur with oligoclase-quartz
envelopeés. Beyond the oligoclase-quartz-sphene assemblage, the rock is altered’ to quartz-
oligoclase-actinolite-(epidote). A late stage of alteration is marked by sericitic alteration that is
pervasive in the upper portions of the system and limited to margins of pyritic veins in the
central portion and by albite-chlorite alteration at depth. Both of these events are accompanied
by tourmaline, and tourmaline-sericite-chlorite-(albite) is a characteristic alteration mineral
assemblage in the fringe of the deposit. Both of these late events postdate the emplacement of
QMP-2.5, which is the barren plug that cuts high-grade potassic alteration, and both leached Cu-
Fe sulfides, magnetite, and Fe-Mg silicates. Quartz-sericite-tourmaline breccia dikes mark the
terminal hydrothermal event.

c. Density of quartz veinlets: Dlustrates the density of quartz veinlets (vol %) associated
with potassic alteration. Volume percent was recorded during mapping by estimating, for each set
of veinlets over a given length of bench face, the average thickness of, and average spacing
between, veinlets. Veinlets are dominantly quartz, but also contain other minerals of the potassic
association. "A” veinlets are the earliest in any given cycle of potassic alteration; they are
random, discontinuous, less than 1 mm wide, and consist of an aplitic-textured intergrowth
ranging from quartz-magnetite-(bornite) to K-feldspar-quartz-biot.ite-(bornite—magnetit.é). In areas
of low density of A veinlets, the veinlets have distinct K-feldspar-biotite alteration selvages; in
areas of high density, the wall rocks are pervasively altered to K-feldspar-(biotite). A-veinlets
largely may have formed by replacement. They constitute approximately one-half of the total
veinlet volume within the zones of >5 vol % veinlets and are rare outside these zones. "B~
veinlets cut and offset :A-veinlets of any given cycle; they are through-going on the scale of a hand
sample and {n some cases on the scale of a bench face, and range from 1 to 3 mm in thickness. B
veinlets have straight walls and are filled largely with quartz which displays symmetrical inward
growth terminated by a vuggy center line containing disseminated Cu-Fe-sulfides; B veinlets
formed by open-space fillling. In contrast with A veinlets, B veinlets lack prominant alteration
selvages. The outer limit of B veinlets coincides with the outer limit of biotitization at
intermediate levels.

d. Sulfide distribution: Tllustrates the volume percent total sulfides and dominant sulfide
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assemblages. Minor occurrences of pyritic veinlets cutting bornite or chalcopyrite zones are
ignored. Pyrite does not occur in contact with bornite, although rarely they may occur in the
same hand sample. The time-space relation is one of outward progression in the early stages of
potassic alteration from bornite-chalcocite-magnetite, through bornite-magnet.it.e;'to chalcopyrite
accompanied by a decrease in sulfide abundance; sodic-calcic alteration is accompanied by no
sulfides. Late stages of hydrothermal activity sulfidized previous assemblages and created the
pattern of upward increasing total sulfide abundance and pyrite : chalcopyrite ratios.

e. Copper grade distribution: Based on geological interpretation of blast hole and diamond
drill hole assays, this map illustrates: the close association of the majority of high grade areas
with potassic alteration related to the emplacement of QMP-1 and QMP-2; the very low grades
of QMP-2.5 except where it is cut by late quartz-sericite-pyrit.e-chalcopyriie veins in the vicinity
of high-grade potassic zones; and the moderate to low grades of sericitic and sodic-calcic
alteration. :
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