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Abstract. This is a first description of the recently
discovered Cu mineralization at Thompson Knolls, UT
Including petrographic observations, geochemical whole
rock data and LA-ICP-MS U-Pb ages of skarn-related
garnet. Disseminated chalcopyrite is mainly hosted by
exoskarn and minor endoskarn zones. Exoskarn is
invariably magnesian with mainly pyroxene, tremolite, talc,
calcite, chlorite and serpentine. Endoskarn altered dikes
comprise mainly pyroxene and garnet. Chalcopyrite is the
main host of Cu and is intimately intergrown with
retrograde talc, chlorite, and serpentine. A total of six
garnet samples were collected from TK6, TK8, and TK14
and were dated successfully. The four ages of samples
from TK14 range from 155 + 2 Ma to 160 + 4 Ma.

Skarn characteristics imply a relatively shallow
formation environment in an intermediate to distal distance
to the causative source intrusion. The recognition of a
systematic geochemical and mineralogical zoning across
the intersected skarn zones, may provide useful criteria for
exploration targeting.

1 Introduction

The Thomspon Knolls discovery in Millard County,
western Utah (Fig. 1), is a greenfields exploration
project 100% owned by BCM Resources
investigating Cu-Mo-(Au)-mineralization related to a
skarn-porphyry system. Located in the greater west-
central Great Basin of Utah, Thompson Knolls is one
of several magmatic-hydrothermal copper deposits,
such as Bingham Canyon, the Yerington District,
Robinson Mine, and the Notch Peak Intrusive.
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Figure 1. A) Sampled boreholes (plan view) with D-G
cross section and regional geology. B) Cross-section
along D-G of sampled boreholes showing general
sampling locations and intersected geology.

The Thompson Knolls project lies within what was

previously called the King’s Canyon district now
proposed to be called Thompson Knolls District,
where a 1972 USGS aeromagnetic survey observed
a large positive magnetic anomaly.

The Confusion Range, located directly north and
west of the Thomspon Knolls discovery site, is the
only significant outcropping geology in the area. The
sedimentary rocks exposed in the range are folded
sequences of the  mid-Palaeozoic  aged
Pennsylvanian Ely Limestone and the Permian
Arcturus. Directly west of the discovery, several
smaller outcrops of the Devonian Guilmette
formation and the Simonson dolomite. The
Guilmette formation is a dolomite rich unit with
intercalations of limestone and minor sandstone.
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Figure 2. Thompson Knolls location (Au, Ag) in Millard

County, Utah. Geology modified from Hintze and Davis

(2002) and Hintze (1974).

There is no skarn alteration or other evidence for
magmatic-hydrothermal overprint recognized in
those outcrops. The discovery itself is overlain by a
vast alluvium cover typical of the basins in the Great
Basin region (Fig. 2).
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Cu-Au-Ag-Mo mineralization was intersected in
seven boreholes and is hosted by skarn and phyllic
alteration. Here we present the first geological
description of this Cu mineralization and employ
LA-ICP-MS U-Pb garnet dating to constrain the
timing of alteration within its regional metallogenic
context.

2 Samples and Methods
2.1 Samples

The samples taken from the discovery drilling efforts
were limited in size to quarter-core, three-inch-long
segments. These samples primarily came from the
boreholes that indicated skarn mineralization,
copper sulphide mineralization, or both. A total of 38
representative samples from boreholes TK3, 3a,
TK6, TK8, TK9, and TK14 were collected for
lithological classification (Fig. 1). Alongside the core
sampling, the bulk geochemical assay data was
made readily available by BCM Resources, thus no
samples were collected to conduct bulk
geochemistry. 32 thin section samples at 30-micron
thickness were acquired from BCM Resources and
the University of Arizona from boreholes TK1, TK2,
TKS3,3a, and TK6.

2.2 Methods

Thirty-eight samples of boreholes TK3,3a, TKS,
TK9, and TK14 were collected from which 17 thin
sections and 4 1-inch round mounts were produced
for further analyses. Transmitted light and reflected
light petrography were conducted on thin sections
and round mounts for mineralogical classification.
Additionally, round mounts were used for SEM/EDS
imaging and semi-quantitative data collection.

LA-ICP-MS U-Pb dating of garnet was carried
out using a Resolution-SE 193 nm ArF excimer laser
ablation system with an S-155 sample chamber, and
an Agilent 8900 ICP-MS/MS, with the two connected
via a signal smoothing SQUID device following a
similar approach as described in Burisch et al.
(2023).

3 Results and Discussion

3.1 Intrusive units and phyllic alteration

Two intrusive units were intersected in the
boreholes (Fig. 3). The East intrusive has a biotite-
bearing quartz-monzonite composition with a
porphyritic texture. The East intrusive is intercepted
in TK1 and TK2. The East intrusion is partially
overprinted by phyllic alteration but does not host
significant mineralization. Locally, minor
disseminated molybdenite is recognized.

The West intrusive is intercepted in borehole
TK3 and 3a and is of granitic to granodioritic
composition with a porphyritic texture. Additionally,
several dikes intersected in TK6, 8 and 14 have
similar igneous compositions (Fig. 3).
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The intrusion is pervasively altered and hosts
abundant disseminated molybdenite and veins with
quartz and molybdenite. The most abundant
alteration mineral is muscovite accompanied by
minor epidote and K-feldspar.
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Figure 3. Cross-section of the Thompson Knolls discovery
drilling along DG (Fig. 1) running northwest to southeast.
TK6, TK14, and TK14 are projected from the north, and
TK7 is projected from the south.

3.2 Skarn characteristics and Cu mineralization

Skarn alteration is observed as discontinuous sub-
horizontal zones which range from 0.5 to 15 m
apparent thickness in borehole intercepts (Fig. 3).
Most skarn presents as exoskarn with only minor
endoskarn overprinting porphyritic dikes. Most of the
intercepted skarn is exoskarn that is primarily
composed of pale green pyroxene and rare garnet,
which are overprinted by retrograde tremolite, talc,
serpentine and undefined Mn-oxyhydroxides. The
prograde endoskarn mainly comprises green
enstatite pyroxene and a pale red to green-brown
andradite garnet with a garnet/pyroxene ratio of
about 0.5 to 1 (Fig. 4). The igneous texture is
commonly well preserved. Retrograde minerals are
mainly epidote and amphibole.

Copper mineralization is associated with
retrograde skarn alteration. The main opaque
minerals are chalcopyrite, pyrite, pyrrhotite,
molybdenite, magnetite, and Mn-oxyhydroxides.
Chalcopyrite and pyrrhotite are typically intimately
intergrown and occur mainly as dissemination in talc
and serpentine-rich retrograde skarn. Locally,
mineralization may also occur as vein-infill or
stockwork zones (Fig. 4).

3.3 Geochronology

A total of six garnet samples were collected from
TK6, TK8, and TK14 and were dated by LA-ICP-MS
U-Pb dating technique. Four ages of skarn samples
from TK14 range from 155 + 2 Ma to 164 + 3 Ma (Fig.
5). One sample from TK8.1 has an age of 159 + 2
Ma, and one sample from TK6.1 is dated to 162 + 2
Ma. As a group, all the garnet ages overlap within
uncertainty, suggesting that skarn alteration is



related to one magmatic-hydrothermal event that
occurred during the Late Jurassic (Fig. 5).

Figure 4. A — Distal serpentine-talc skarn partially
replacing dolostone protolith. B — Exoskarn with mainly
pyroxene replaced by serpentine and sulfide C -
Retrograde exoskarn with Pyrite + Chalcopyrite + Iron
Oxides + Pyrrhotite. D — pyroxene replaced by talc,
serpentine and sulphides. E — Endoskarn with red garnet

and pale green pyroxene F — Porphyry intrusive
overprinted by phyllic alteration
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Figure 5. A regional scale deposit-age plot from available
geochronology data. Thompson Knolls is highlighted with
a red box. Brief tectonic history at the bottom of the figure
provides brief information on the tectonic history.

The new age data and previously available
geochronological data are compiled in Figure 5 to
provide a regional framework. The compiled data
suggests that three metallogenic periods are
regionally important for ore formation that occurred
in the Jurassic, Cretaceous, and Paleogene,
respectively. Skarn-hosted Cu mineralization at

Thompson Knolls is related to the oldest of these
metallogenetic periods.

3.2 Skarn Environment and Implications for
Exploration

The magnesian mineralogy of exoskarn is related to
Mg-rich dolostones as the main protolith. The only
exceptions are minor endoskarn zones that have a
calcic composition. Magnesian skarns do not show
typical mineralogical zoning that is recognized in
calcic skarn systems (Meinert et al. 2005: Burisch et
al. 2023). The discontinuous nature of skarn zones
and the high abundance of tremolite, talc and Mn-
oxyhydroxides imply an intermediate to distal
position of the intersected skarn zones relative to
their causative source intrusion (Fig. 3 and 6).
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Figure 6. Conceptual model of porphyry skarn system in
relation to skarn borehole intercepts; TK8, TK6, and TK14.

This assumption is furthermore supported by
relatively low skarn bulk rock Cu/(Zn+Pb) values of
about 50 to 5. Moreover, the Cu/(Zn+Pb) ratios
change systematically across the boreholes from
TK8 (50), to TK6 (23), to TK14 (9), to TK9 (4) (Fig.
6). This decrease in Cu/(Zn/Pb) is interpreted as a
systematic geochemical gradient along the fluid flow
path, which may provide useful information to vector
towards the “yolk” of the system.

4 Conclusions

The Thompson Knolls discovery is a magnesian
skarn hosted copper mineralization that likely formed
in an intermediate to distal position relative to its yet
undiscovered causative source intrusion.

Six garnet-bearing skarn samples were dated
and constrained the timing of skarn alteration to the
late Jurassic ("155-160 Ma). The geochemical and
mineralogical data implies systematic zoning across
the intersected skarn zones, which may provide
useful criteria for exploration targeting in deeply
buried magmatic-hydrothermal systems.
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