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EXTENDED ABSTRACT 

A common thread linking the four Jurassic porphyry Cu deposits in the Yerington 
district is their relationship with granite porphyry (JGP) dike swarms sourced from 
cupolas of the Luhr Hill granite (JPG). The Abacus/Almadex Willow property in the 
Buckskin Range to the west covers two zones of high-level alteration in Jurassic vol-
canic rocks overlying the west-tilted Yerington batholith. The more extensive south-
ern zone is marked by JGP dikes, quartz-veined zones, and chargeability highs, with 
Cu and Mo increasing towards the east. Restoration of a long section compiled from 
1967-81 drilling showed the dikes are the projection of the JGP dike swarm along the 
southern edge of the batholith, where no porphyry center had yet been discovered. A 
source cupola of JPG was inferred beneath the southeastern Buckskin Range. An ini-
tial three-hole test in 2018 confirmed the concept, intercepting 0.05–0.24% Cu, with 
two holes cutting JPG in the subsurface. Highest Cu grades are associated with early-
halo veins similar to those controlling better Cu at the nearby Ann Mason deposit. 
Due to complications drilling through the low-angle faults, two of three holes failed to 
reach targeted depths. The target could reach within 100–300 m of the surface, and 
will be definitively tested in the near future.
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INTRODUCTION

The four known porphyry Cu deposits in the mid-Jurassic 
Yerington batholith (Yerington, Ann Mason, Bear, and MacAr-
thur; Figure 1) share a common relationship with dike swarms 
of granite porphyry sourced from cupolas of the Luhr Hill por-
phyritic granite. A fifth porphyry deposit related to the Lud-
wig granite porphyry dike swarm along the southern edge of 
the batholith has long been hypothesized. Initial drilling of a 
geologic-geochemical-geophysical target by Abacus Mining 
and Exploration Corporation suggests a sizable portion of the 
hypothesized porphyry center could be preserved in the south-
eastern part of the Buckskin Range, west of the known por-
phyry deposits.

The 15.7 km2 Willow property covers the central and 

southern Buckskin Range on the western edge of the Yerington 
district (Figure 1). Much of the current property was staked by 
Almaden Minerals (now Almadex) between 2007–2016. Aba-
cus entered into an option agreement to earn a 75% interest in 
the Almadex property in February 2017. Abacus expanded this 
land position in February 2018 with a lease agreement covering 
the adjacent Nev-Lorraine claims.

The southern and central Buckskin Mountains were ex-
plored and drilled by Bear Creek, Phelps Dodge, Conoco, and 
Anaconda between 1967–1981. Many logs and some skeleton 
core from these drill holes are preserved at the Nevada Bureau 
of Mines and Geology. Abacus’ work has included property-
scale mapping, surface rock and grid soil geochemistry, ground 
magnetic and induced polarization surveys, re-logging and re-
assaying of historic drill core, and collection of short-wave in-
frared (SWIR) spectral data from outcrops and drill core. An 
initial test with three core holes was conducted in April-July 
2018. 
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GENERAL GEOLOGY

Rock units

The Willow property is underlain by mid-Jurassic inter-
mediate intrusive and related volcanic and epiclastic rocks, 
Oligocene silicic ignimbrites, and Miocene hypabyssal rocks 
(Figures 2 and 3). The most extensive unit is the Artesia Lake 
Volcanics, a ~1-km thick sequence of mostly intermediate lavas 
that represents the early extrusive phase of the Yerington batho-
lith. Overlying these are intermediate to silicic Fulstone Spring 
Volcanics, which are slightly younger than the batholith, but 
may in part correlate with its later phases (Dilles et al., 2000; 
Proffett, 2007).

Mapping by Proffett (2007) and Abacus correlated many 
of the intrusive bodies with phases of the Yerington batholith 
based on similar compositions and textures. Stocks along the 
east side of the Buckskin Range are equivalent to the early 
McLeod Hill quartz monzodiorite phase (169.4 Ma; Dilles and 
Wright, 1988). Luhr Hill porphyritic granite is present in the 
subsurface in the east side of the range. Dikes of granite por-

phyry are common in the southern Buckskin Range, and are 
correlated with the mineral-related 168.5 Ma granite porphyry 
dikes of the main Yerington district. 

Jurassic rocks are unconformably overlain by Oligocene 
(27.0–26.5 Ma) quartz latite to rhyolite ignimbrites and tuffa-
ceous sedimentary rocks of the Mickey Pass Tuff and Singa-
tse Tuff (Proffett and Proffett, 1976; Hudson and Oriel, 1979; 
Dilles and Gans, 1995; Garside et al., 2002). Miocene diorite 
to granodiorite porphyry dikes and stocks (~13 Ma; Ghobadi, 
2017) are exposed in the central and southeastern portions of 
the range. These porphyries are cogenetic with the ~13 Ma 
Lincoln Flat andesite to the east (Dilles and Gans, 1995; John 
Dilles, Oregon State University, oral communication, October 
2017).

Structure

Minor faults of probable Jurassic age trend west-east to 
northwest-southeast with moderate to steep dips. These are 
mineralized with quartz-magnetite-hematite-chlorite-pyrite-
chalcopyrite ± Au at the Buckskin mine (Gibson, 1987) and 

Figure 1. Generalized geologic map of the Yerington district and southern Buckskin Range. Due to the steep westward tilting, the map patterns essentially represent 
Jurassic cross sections when viewed from the east-southeast. The known porphyry Cu deposits at Yerington, Ann Mason, MacArthur, and Bear are all associated 
with dike swarms of granite porphyry grading into cupolas of Luhr Hill porphyritic granite. (The Blue Hill resource is believed to represent a fault offset of the Ann 
Mason deposit.) Geology from Proffett and Dilles (1984), Proffett (2007), and Abacus mapping. Resource outlines from Kulla et al. (2017) and https://quaterra.
com/. Coordinates in this and subsequent figures are UTM zone 11, NAD 1983 datum.
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west of Alunite Hill (Lipske and Dilles, 2000).
Both Jurassic and Oligocene rocks dip moderately to 

steeply west due to rotation along mostly east-dipping Tertia-
ry extensional faults (Proffett, 1977, 2007). Domino-style ro-
tation of originally high-angle normal faults by younger faults 
produced shallow eastward dips, commonly 10–25 degrees. 
Low-angle normal faults include the No. 13, BC-3, and BSW-
7 faults (Figure 3). Offsets of a tuff/epiclastic marker unit in 
the upper Artesia Lake Volcanics indicate that these faults ac-
commodated up to 800 m of normal displacement. The young-
est generation of the Basin and Range faults dip moderately to 
steeply east and include the 65–70º-dipping eastern Buckskin 
range-front fault.

Most of the extension and tilting in the Yerington district 
occurred between 14.0–12.5 Ma (Dilles and Gans, 1995). Mio-
cene porphyries both intrude and are cut by faults, and are in-

terpreted to be rotated westward but by a lesser amount than the 
Jurassic and Oligocene rocks.

ALTERATION AND MINERALIZATION

Hydrothermally altered rocks are exposed over approxi-
mately 16 km2 in the central and southern Buckskin Range 
(Figure 4), and probably exceed 25 km2 including covered 
areas. The most intense alteration and the majority of mineral 
prospects and Cu occurrences are in Artesia Lake Volcanics and 
Jurassic intrusive rocks, i.e., rocks ≥ 168 Ma in age. Fulstone 
Springs Volcanics and Oligocene tuffs are less altered and gen-
erally lack biotitic alteration, quartz veins, and significant Cu 
or Mo mineralization. Porphyries of known or suspected Mio-
cene age appear to include one group that is biotitized, weakly 
veined, and Cu-Mo mineralized (quartz diorite to tonalite por-

Figure 2. Description of rock units of the Willow property and vicinity. Rocks of the Yerington batholith are classified as in Dilles et al. (2000). The last column 
shows equivalent historic units based on pre-IUGS rock names, as used in Proffett and Dilles (1984) and other older publications. This figure also serves as a legend 
for Figures 3, 4, and 6. Mineral abbreviations (from Whitney and Evans, 2010): Bt, biotite; Cpx, clinopyroxene; Hbl, hornblende; Kfs, K-feldspar; Pl, plagioclase; 
Qz, quartz; Sa, sanidine. “Stacked” refers to biotite that is elongate in the C-axis direction.
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Figure 3. Geologic map of the Willow property. Rock units, contacts, and faults as in Figure 2. The geographic names “Alunite Hill” and “South 
Artesia Mountain” are informal, and not accepted by the U.S. Board of Geographic Names (https://geonames.usgs.gov).
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Figure 4. Generalized alteration map of the Willow property; see Figure 2 for explanation. Minor argillic alteration in Oligocene tuffs is not shown.
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phyry on Figure 2); with a second group that is barren of Cu-
Mo but contains sphalerite and local galena (andesite to dacite 
porphyry). 

Propylitic (chlorite + epidote ± sericite-clay-carbonate) al-
teration is widespread and especially well developed in Artesia 
Lake and Fulstone Spring Volcanics. Sulfide content is typi-
cally < 1%. Intermediate argillic alteration is dominated by il-
lite, other clays, and chlorite, with 1–3% pyrite. Sericitic altera-
tion is marked by the occurrence of pale gray to buff to green 
sericite, local quartz veining (2–10%), and 3–10% sulfides 
(mostly pyrite). Silicic and related advanced argillic alteration 
are mostly limited to sediments and tuffs of the Artesia Lake 
Volcanics, within or adjacent to sericitic zones. Replacement 
by fine-grained quartz and pyrite (2–5%) commonly obliterates 
rock textures. Advanced argillic assemblages are characterized 
by pyrophyllite + alunite ± dickite ± zunyite ± diaspore ± topaz. 
Corundum and andalusite occur locally, most importantly at 

the Blue Danube mine near the south end of the range (Moore, 
1969; Hudson, 1983). 

Potassic alteration is rarely exposed but is widespread in 
the subsurface. It is marked by shreddy biotite replacement of 
primary hornblende. Secondary K-feldspar is less common. 
Quartz veins comprise 1–5 percent of most potassic-altered 
rock, and locally exceed 10 percent. Cu and Mo in the subsur-
face are strongly concentrated within areas of potassic altera-
tion and quartz veining.

Vein styles are broadly typical of porphyry copper depos-
its worldwide (cf. Gustafson and Hunt, 1975; Gustafson and 
Quiroga, 1995; Seedorff et al., 2005; Sillitoe, 2010). Early, sul-
fide-poor chlorite-biotite seams with halos of chlorite ± biotite 
± magnetite are similar to EB veins elsewhere. Early halo (EH) 
veins are thin fractures fringed by much thicker envelopes of 
sericite, K-feldspar, and/or biotite with common sulfides. These 
occur in the subsurface in the southeastern part of the property. 

Figure 5. Cu in soils (contoured from a grid with spacing 200 m south-north and 50 m west-east) and total field ground magnetics (grid spacing 100 m north-south, 
15 m west-east).
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Figure 6. WNW-ESE cross-section through the Willow target. Red cross-hatching indicates possible outlines of Cu shells that are consistent with data from the 
surface as well as 2018 and prior drill holes; see text for discussion. Location shown on Figures 3 and 4; rock units as in Figure 2.

Similar veins control higher Cu grades at Ann Mason, Chuqui-
camata, Los Pelambres, and Butte (Proffett, 2009). Thin “AB” 
veinlets contain granular or elongate quartz, local K-feldspar, 
and sulfides. They commonly exhibit pyrite centerlines or mo-
lybdenite walls, and lack alteration halos. Thus, they appear 
transitional between the A and B veins of Gustafson and Hunt 
(1975). D veins are sulfide-dominant veins with sericite ± py-
rite halos. Most are pyritic, but some contain sphalerite and/
or galena. Gypsum veins cut or re-open all other veins. They 
probably formed from supergene hydration of anhydrite in ear-
lier veins.

Abacus’ mapping and samping outlined two alteration 
systems, each flaring to the west-northwest (Jurassic-up) with 
increasing sericitic, silicic and advanced argillic alteration (Fig-
ure 4). The northern or Alunite Hill alteration zone is 1.5 by 2 
km and extends under cover to the northeast and east. Quartz 
veining is weak, mostly ≤ 3%, and only minor Cu showings are 
present. This zone represents the lithocap of the Ann Mason 
system, and was drilled extensively for Cu skarn and Au vein 
targets by Anaconda in the 1970s. The South Buckskin altera-
tion zone is more extensive, measuring at least 3.0 km west-east 
by 2.5 km south-north (Figure 4). It is marked by a WNW-ESE 
axis of granite porphyry dikes approximately coincident with 
areas of 3–20 percent quartz veins. Turquoise occurrences are 
common, especially in the eastern part of this zone, where rocks 
contain up to 1.62% Cu. 

TARGETING

Abacus developed the Willow target in the eastern part of 
the South Buckskin alteration zone from mapping complement-
ed by geochemistry, geophysics, and SWIR studies, compila-
tion of prior drill data, and logging of skeleton core. I.P. surveys 
yielded chargeability values > 30 mV/V along the central axis 
of the South Buckskin zone (as defined by granite porphyry 
dikes and quartz veining). Advanced argillic phases are concen-
trated along the same axis, and flare to the south along tuff and 
sediment beds of the Artesia Lake Volcanics. Soils over a 1.3 
km by 1.0 km area in the eastern South Buckskin zone contain 
200–2,330 ppm Cu and 5–69 ppm Mo. The Cu-Mo anomalies 
overlap the eastern half of a pronounced ground magnetic low 
(Figure 5).

Re-logging of skeleton core from twelve holes along a 
3-km transect across the South Buckskin zone showed a sys-
tematic eastward increase in intersected quartz monzodiorite 
and granite porphyry. Zones of 0.08–0.16% Cu associated with 
potassic alteration were outlined on the west and east sides of 
this transect. Restoration of faulting in this section showed that 
the granite porphyry dikes represent the projection of the Lud-
wig dike swarm; and that a Cu-Mo-mineralized source cupola 
of Luhr Hill porphyritic granite should exist beneath the south-
eastern part of the Buckskin Range, coincident with the Cu-Mo 
anomalies and magnetic low. The target was inferred beneath 



K. Brock Riedell, Samuel J. Ybarra, Paul G. Anderson and Michael McInnis980

the No. 13 fault, in rock volumes largely untested by earlier 
holes in this area, which ranged in depths from 13–292 m.

DRILLING

Three core holes were planned to 600-800 m depths, in or-
der to test the blocks beneath the No. 13 and BC-3 faults (Fig-
ure 6). Due to drilling complications, however, only AW18-002 
reached targeted depth. AW18-001 was lost in the No. 13 fault 
zone, and AW18-003 was terminated in what is probably the 
BC-3 fault. Nonetheless, the holes confirmed the target concept, 
as both AW18-002 and -003 intersected significant intervals of 
chalcopyrite- and molybdenite-mineralized Luhr Hill granite. Cu 
and Mo also occur in McLeod Hill quartz monzodiorite, Artesia 
Lake Volcanics, and some Miocene(?) porphyries. Partial analyses 
indicate the holes intercepted 0.05–0.24% Cu and ≤ 0.015% Mo.

Consistently highest Cu grades (0.10–0.17%) were intercept-
ed in AW18-002 between the BC-3 fault at ~405 m and the total 
depth of 584 m (Figure 6). Luhr Hill granite, some of the Mio-
cene(?) porphyries, and minor McLeod Hill quartz monzodiorite 
are cut by early-halo sericite-K feldspar-biotite-andalusite-chalco-
pyrite-pyrite veins (Figure 7). Lower grade Cu (0.06–0.10%) oc-
curs in McLeod Hill and Miocene(?) porphyries higher in the hole, 
but are related to AB and EB veins and not early halos. 

Hole AW18-003 cut mostly Luhr Hill granite below the 
No. 13 fault at ~250–290 m. Weak Cu mineralization in this 
hole is related to AB and EB veins; early-halo veins are absent. 

DISCUSSION

Due to drilling challenges in the 2018 program, the target 
remains largely untested. The relatively high pyrite/chalcopy-
rite ratios and lack of K-feldspathic alteration in rock drilled to 
date indicate that a potassic core with higher Cu grades remains 
undiscovered.

To predict the possible location of a higher grade zone, al-
teration, veining, and Cu and Mo values from recent and his-
toric drill hole data have been compared, with emphasis on the 
block between the No. 13 and BC-3 faults. A northward vector 
is indicated by increased biotitic alteration, quartz veining, Cu 
and Mo in AW18-002 and D289 compared with AW18-003. 
This suggests that economic mineralization may occur below 
the No. 13 fault in the area of the prematurely lost hole AW18-
001, or north of AW18-002. Offsetting AW18-002 to the west 
is supported by its relatively high Mo/Cu ratios. Since Mo 
typically occurs central to or below Cu in porphyry Cu sys-
tems, AW18-002 may lie east of (Jurassic below) economic Cu 
mineralization. Due to the eastward dip of the No. 13 fault, the 
westward vector increases the likelihood that higher grade Cu 
could reach within 100–300 m of the surface (Figure 6). A de-
finitive drill test is planned in the near future.
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