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ABSTRACT

The Cerro Quema Au-Cu deposit is
hosted by a dacite dome complex of
the Rio Quema Formation, a Late
Campanian-Maastrichtian  volcano-sed-
imentary sequence of the Panamanian
magmatic arc. Its formational age is
constrained at ~49 Ma by field evidences,
crosscutting relationships and **Ar/*Ar
geochronology (Corral et al., 2016,
Corral, 2021). The recent molybdenite
Re-Os dates by Perell6 et al. (2020) claim
that ore is spatially and temporally related
to the host volcanic domes at ~71 Ma.
After a thorough review of the geologic,
geochemical and geochronological data
from the Cerro Quema area, it is con-
cluded that the Re-Os dates of Perello
et al. (2020) are not representative of the
Cerro Quema formational age. Their
proposed formational age at ~71 Ma is
significantly older than the age of the host
rock (~67 Ma). Furthermore, they invoke
a previously unrecognized regional-scale
magmatic event solely based on their
molybdenite Re-Os dates. Instead, the
Cerro Quema genetic model discussed
here, in which magmatic-hydrothermal
fluids derived from porphyry copper-like
intrusions associated with the Valle Rico
batholith produced the Au-Cu mineral-
ization at ~49 Ma, is consistent with the
geology, geochemistry and geochronology
of the Azuero Peninsula.

Keywords: Alunite *Ar/*Ar
dating, Cerro Quema, Gold-
copper, Porphyry-related
high-sulfidation, Panama.

RESUMEN

El yacimiento de Au-Cu de Cerro Quema estd
encajado en el complejo de domos daciticos de la
Formacién Rio Quema, una secuencia volcanose-
dimentaria de edad Campaniense-Maastrichtiense
del arco magmdtico de Panamd. Su edad de
Jormacion de ~49 Ma ha sido determinada
mediante evidencias de campo, relaciones de corle
y geocronologia "’Ar/*Ar (Corral et al., 2016,
Corral, 2021). Las recientes edades de Re-Os en
molibdenita presentadas por Perelld et al. (2020)
afirman que la mineralizacion estd relacionada
espacial y temporalmente con los domos volcdni-
cos, que aclian como roca caja, hace ~71 Ma.
Después de una revision exhaustiva de los datos
geoldgicos,  geoquimicos y  geocronoldgicos  del
drea de Cerro Quema, se concluye que las edades
Re-Os de Perelld et al. (2020) no son represen-
lativas de la edad de formacion de Cerro Quema.
La edad de_formacion propuesta de ~71 Ma es
significativamente mds antigua que la edad de
la roca caja (~67 Ma). Ademds, se propone un
evenlo magmdlico a escala regional previamente
no reconocido basdndose tinicamente en edades
Re-Os en molibdenita. En cambio, el modelo
genélico de Cerro Quema disculido aqui, donde
los fluidos magmdticos-hidrotermales deriwvados
de wntrusiones lipo porfido cuprifero asociadas al
batolito de Valle Rico produjeron la mineraliza-
cion de oro-cobre hace ~49 Ma, es consistente
con la geologia, geoquimica y geocronologia de la
Peninsula de Azuero.

Palabras clave: Datacion
“Ar/*Ar de alunita, Cerro
Quema, Oro-cobre, Alta sulfu-
racion relacionado con porfidos,
Panama.
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1. Introduction 2. Geology and geochemistry of the

Cerro Quema area

INTRODUCTION / GEOLOGY
AND GEOCHEMISTRY OF CERRO
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The recent molybdenite Re-Os dating study by
Perell6 et al., (2020) of the Cerro Quema deposit
(Azuero Peninsula, Panama) claims that ore is
spatially and temporally related to the volcanic
domes of the Rio Quema Formation at ~71 Ma.
This interpretation contrasts with early observa-
tions indicating that mineralization is the product
of a hydrothermal system (e.g., porphyry system)
driven by concealed intrusions associated with
the Valle Rico batholith at 55 — 49 Ma (Corral
et al., 2016) as well as with the recently obtained
alunite *Ar/*Ar date of ~49 Ma (Corral, 2021).
Although the ~71 Ma age would indicate that
Cerro Quema is similar to other high-sulfidation
epithermal deposits in which mineralization is
coeval with volcanic dome emplacement (Arri-
bas, 1995; Bissig et al., 2001; Nelson et al., 2015;
Holley et al., 2016; Torro et al, 2017; Sahlstrom
et al., 2018), it conflicts with geologic evidences
as well as with previous geochronologic studies
of the Azuero Peninsula (Lissinna, 2005; Buchs
et al., 2010, 2011; Wegner et al., 2011; Montes e
al., 2012; Corral et al., 2013, 2016). Since Cerro
Quema stands as the first discovery of a high-sul-
fidation epithermal Au-Cu deposit in Panama, its
correct geologic contextualization, including the
formational age and the genetic model, will aid
exploration for similar deposits in Panama.

My concern with the manuscript presented by
Perell6 et al., (2020) centers on their interpretation
of the previous field-based, geochemical and
geochronological studies of the Azuero Peninsula,
the significance and reliability of the new Re-Os
molybdenite ages, and the role of the dacite
domes in the gold and copper mineralization.
Here, an alternative interpretation to explain the
formation of Cerro Quema, consistent with key
field evidences and geochronological studies of the
Azuero Peninsula, 1s presented.

Perello et al, (2020) present a complete and
updated literature review of the geological and
geochronological studies carried out in the Azu-
ero Peninsula. However, less attention has been
paid to the geology of the Cerro Quema area in
particular. Contrary to the geologic relationships
reported by Perell6 ef al, (2020), the dacite dome
complex is interfingered with volcanic, volcani-
clastic rocks and pelagic to hemipelagic limestones
(Rio Quema Formation upper unit) that sits atop
of a ~100 m thick hemipelagic limestone (Rio
Quema Formation Limestone unit) that in turn sits
atop of a ~300 m thick pile of turbidites, siltstones
and mudstones (Figure 1; Corral et al., 2011, 2013,
2016). The Rio Quema Formation discordantly
overlaps the Azuero Protoarc. Therefore, there
is no contact and close relationship between the
dacite dome complex and the Azuero Protoarc
as they have >500 m of igneous and sedimentary
rocks in between.

The Rio Quema Formation volcanic and vol-
caniclastic rocks have been geochemically charac-
terized by Corral e al, (2010, 2011) and Corral
(2013). Their results indicate that rocks of the Rio
Quema Formation have calc-alkaline signatures
consistent with their emplacement in an intra-oce-
anic magmatic arc (Lissinna, 2005; Woérner el al.,
2009; Buchs et al., 2010, 2011; Wegner et al.,2011).
This contrasts with the interpretation of Perell6 e
al., (2020) that the dacite dome complex of the Rio
Quema Formation was emplaced in a geotectonic
setting transitional from mafic, primitive intra-oce-
anic to more evolved arc magmatism. By the time
the dacite dome complex emplaced, the intra-oce-
anic magmatic arc was well developed and mature
enough to be geochemically distinguishable from
the Azuero Protoarc and the Azuero Igneous
basement.
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Age of Cerro Quema discussion
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3. Age of the Cerro Quema host rock
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Several hornblende **Ar/*Ar spectra should be
considered to cogently constrain the age of the
Cerro Quema host rock (Figure 2). The dacite
dome complex of the Rio Quema Formation is
the main mineralization host rock (Leach, 1992;
Horlacher and Lehmann, 1993; Torrey and
Keenan, 1994; Nelson, 1995; Corral et al., 2011,
2016; Perell6 et al., 2020). The volcanic domes have
been dated at Cerro Quema by Corral et al.,(2016;
hornblende *’Ar/*Ar) obtaining a weighted aver-
age date of 66.5 £ 1.6 Ma (Table 1, Figure 2). The
Corral et al., (2016) hornblende *Ar/*Ar total gas
age was not included in the calculation as it was
considered less reliable than plateau ages. Two

amphibole-bearing dacitic rocks located 10 and 5
km from Cerro Quema were dated by Wegner e
al., (2011; hornblende *Ar/*Ar) yielding a 71.0
+ 2.5 Ma weighted average date and a 67.5 = 1.9
Ma plateau date, respectively (Table 1). Although
the sample PAN-05-017A studied by Wegner et
al., (2011) shows a bumpy spectrum between 20
— 40% of cumulative *’Ar fraction that compro-
mises the age, a plateau date of 72.3 £ 2.5 Ma was
calculated (Figure 2A). A duplicate sample (PAN-
05-017B; Figure 2B) has a disturbed spectrum
between 10 — 30% of cumulative *Ar fraction
with no apparent plateau that compromises the
reported plateau date of 68.9 £ 3.3 Ma.

The final reported age of this sample 1s an average
of the two plateau dates, which is questionable
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Summary of the hornblende “°Ar/3*°Ar dating of the Rio Quema Formation dacite domes and equivalent rocks from the Azuero
Peninsula (Corral, 2021). A - C: Samples form Wegner et al. (2011) collected at 10 and 5 km away from Cerro Quema, respectively.
D - F: Samples from Corral et al. (2016) collected at La Pava orebody. Plateau ages of A and B have been discarded, and C to F are the

representative ages of the Rio Quema Formation (as discussed in the text).
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Table 1. Summary of the available geochronological data of the El Montuoso batholith, Valle Rico batholith and dacites from the Rio

Dating | | ]  Resuts |

Quema Formation.

Mineral
Del Giudice and Recchi
(1969) K/Ar Qd hornblende
Qd hornblende
Kesler et al, (1977) K/Ar Qd hornblende
Qd feldspar
Lissinna, (2005) Ar/Ar Gd  plagioclase
Gr plagioclase
Wegner et al, (2011) Ar/Ar Dac hornblende
Dac hornblende
Montes et al, (2012) U/Pb Gd zircon
Ton zircon
Ton zircon
Ton zircon
Corral et al, (2016) Ar/Ar Qd hornblende
Qd hornblende
Qd hornblende
Dac hornblende
Dac hornblende
Dac hornblende
Dac hornblende
Ramirez et al, (2016) U/Pb Ton zircon

Dac : dacite, Gd : granodiorite, Gr : granite, Qd : quartz-diorite,Ton : tonalite.

El Montuoso Valle Rico

69 + 10 Ma
53 + 3 Ma
64.87 £ 1.34
Ma
52.58 + 0.63
Ma
495+ 0.2 Ma
_ 50.6 + 0.3 Ma
67.5+ 1.9 Ma*
71.0 £ 2.0 Ma*
67.6 £ 1.4 Ma
66.0 £ 1.0 Ma
67.6 £ 1.0 Ma
49.2 £ 0.9 Ma
65.7 £ 1.0 Ma
67.5+ 1.1 Ma
54.8 + 1.2 Ma
67.9+ 1.1 Ma
66.0 + 1.0 Ma
65.6 £ 1.3 Ma
69.7+1.2
Ma***
66.4 + 0.3 Ma

* = Assigned to the Rio Quema Formation due to textural, geochemical and geochronological similarities.
** = Not considered to calculate the age of Cerro Quema host rock as described in the text.

*** = Not considered as it is not a plateau age.

given the nature of their spectra. Therefore, the
dacite sample reported by Wegner ¢t al., (2011;
PAN-05-008) and the samples of Corral e al,
(2016; Figure 2C to 2F) dated by *Ar/*Ar on
hornblende showing well-defined plateaus with
no disturbed spectra, are considered here to be
more reliable ages of the Cerro Quema host rocks,
constraining their age to 66.6 £ 1.8 Ma (weighted
average of plateaus).

These data and geochronological studies of
the El Montuoso batholith (e.g.,, U-Pb in zircon,
“Ar/*Ar in hornblende and plagioclase; Table 1;
Figure 3), indicate that they were coeval and rep-
resent the Late Cretaceous magmatic arc.

On the contrary, Perell6 et al, (2020) assumed
the 71.0 £ 2.5 Ma date of Wegner et al.,, (2011)
as the age of the Cerro Quema host rock. They
discarded the younger dacite dome complex ages
(Figure 2C to 2F; Wegner et al., 2011; Corral et
al., 2016) interpreting them to be likely compro-
mised by disturbed isotopic systems, including
the presence of excess argon and partial to
complete resetting and neocrystallization during
younger heating events. However, samples from
Figure 2C to 2F used to calculate the age of the
dacite dome complex of the Rio Quema Forma-
tion do not reflect any of the abovementioned
processes.

AGE OG THE CERRO QUEMA

HOST ROCK
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4. Age of the Cerro Quema deposit

AGE OF THE CERRO QUEMA

DEPOSIT

Perell6 et al., (2020) performed Re-Os dating on
molybdenite samples from La Pava orebody. Four
samples were analyzed yielding dates of 70.74
+0.29, 70.70 £ 0.29, 70.66 £ 0.29 and 68.72 *
0.29 Ma being the youngest date discarded by the
presence of significant common Os.

They presented a good and consistent data
establishing ~71 Ma as the age of the Cerro
Quema mineralization. However, their results
conflict with the age range of 55 — 49 Ma proposed
in Corral et al., (2016), and the ~49 Ma alunite
“Ar/*Ar date of Corral (2021). Considering the
66.6 = 1.8 Ma age of the Cerro Quema host rock,

the molybdenite Re-Os age of ~71 Ma is consid-
erable older than the host rocks (Figure 3).

If as mentioned in Perell6 et al, (2020), the
younger hornblende *Ar/*Ar dates of Wegner e/
al., (2011) and Corral et al.,(2016) are compromised
by resetting, their molybdenite Re-Os ages would
also be compromised by the same process as the
closure temperature of hornblende **’Ar/*Ar and
molybdenite Re-Os isotopic systems is the same,
~500 °C (Harrison, 1982; Suzuki et al, 1996).
Other processes that may compromise the Re-Os
systematics are surface weathering (e.g., oxidation)
and alteration by low salinity (< 1 %NaCl eq.) and
low temperature (~180°C) hydrothermal fluids
containing NaCl and/or CO2 (McCandless et

80
*
L] El Montuoso Dacites RQF Molybdenite CQ
Batholith
76
I %k %
72 L Avg. Molybdenite
] — W **
68
64 H Avg. El Montuoso Avg. Dacites
| Contemporary arc-related plutonism and volcanism
60 -
B box heights are 20

D Kesler et al. (1977): K-Ar hbl
|:| Del Giudice and Recci (1969): K-Ar hbl

* Discarded big uncertainty

. Perell6 et al. (2020): Re-Os mo
. Ramirez et al. (2016): U-Pb zircon
. Corral et al. (2016): Ar-Ar hbl

. Montes et al. (2012): U-Pb zircon
D Wegner et al. (2011): Ar-Ar hbl

** Discarded (see text for explanation)

m Comparative diagram showing the geochronological data of the El Montuoso batholith, the dacites of the Rio Quema Formation
and the Re-Os molybdenite ages (Corral, 2021). Avg. = average, CQ = Cerro Quema, hbl = hornblende, mo = molybdenite, RQF = Rio
Quema Formation.
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al.,1992; Suzuki et al., 2000; Georgiev et al., 2012;
Stein and Hannah, 2014). According to the loca-
tion of molybdenite samples studied by Perell6 et
al., (2020), some of them are likely to be affected
by weathering processes as they are in the range
of the weathering profile that has affected Cerro
Quema to depths of 150 m (Corral e al, 2011,
2016, 2018).

However, no further speculation can be done
to explain the anomalous old molybdenite Re-Os
ages as molybdenite occurrence at Cerro Quema
1s only documented by two pictures of the same
hand sample, with no supporting optical micro-
scope or SEM-BSE images by Perell6 ¢t al., (2020).

Although most of the alunite **Ar/*Ar dating
studies considered the obtained age as representa-
tive of the age of hypogene mineral precipitation
(Rye et al., 1992; Itaya et al., 1996; Bissig et al.,2001;
Holley et al., 2016; Sahlstrém et al., 2018), alunite
dating problems may arise due to thermal reset-
ting during deformation and/or magmatism (e.g.,
Pueblo Viejo, Arribas et al, 2011; Mt. Carlton,
Sahlstrom et al, 2018). However, Corral (2021)
could not prove the hypothesis of resetting. If
resetting could be proven, the obtained alunite
“Ar/*Ar age would be interpreted as a minimum
age of Cerro Quema.

In this case, the maximum age of Cerro Quema
is that of the host rocks: 66.6 £ 1.8 Ma (Wegner
et al, 2011; Corral et al, 2016). Therefore, the
~49 Ma alunite “’Ar/*Ar date of Corral (2021) is
interpreted as representative of the age of hypo-
gene mineral precipitation (at ~240 °C; Corral et
al., 2017).

5. Alternative genetic model for Cerro
Quema

Subduction initiation of the Farallon plate beneath
the Caribbean plate and ensuing protoarc volca-
nism are dated at ~75 — 73 Ma (i.e., late Cam-
panian; Buchs et al., 2010). From Late Cretaceous
to middle Eocene (68 — 40 Ma), the first stage of
magmatism occurred within the Caribbean plate.

This stage is characterized by the development
of the Sona-Azuero (Western Panama) and the
Chagres-Bayano (Eastern Panama) arcs, which
record abundant tholeiitic to calc-alkaline arc
magmatism and emplaced on an oceanic plateau
crust (Lissina, 2005; Buchs et al, 2010; Woérner et
al., 2009; Wegner et al., 2011; Corral et al., 2011;
Montes et al., 2012). E1 Montuoso batholith con-
stitutes the main arc-related plutonic rocks of the
Sona-Azuero arc, whereas the dacite domes of
the Rio Quema Formation emplaced in its forearc
basin at ~67 Ma (Del Giudice and Recchi, 1969;
Kesler et al, 1977; Wegner et al., 2011; Montes
et al., 2012; Corral et al., 2013, 2016; Ramirez et
al.,2016). During the lower Eocene (~55 — 49 Ma),
diorites and quartz-diorites associated with the
Valle Rico batholith intruded the Sona-Azuero arc
along E-trending regional faults (Del Giudice and
Recchi, 1969; Lissinna, 2005; Montes et al., 2012;
Corral et al, 2016). These E-trending structures
and contacts around the dacite dome complex
probably served as conduits for magmatic-hydro-
thermal fluids derived from porphyry copper-like
intrusions associated with the Valle Rico batholith
to form the Cerro Quema Au-Cu deposit (Corral
etal., 2011, 2016; Corral, 2021).

The dacite domes played a key role on the
Au-Cu mineralization as they are the most per-
meable and porous rocks cropping out in the
area, facilitating the mineralizing fluid flow pref-
erentially through this lithology (permeability:
2.0-10— 11 kg/s*m ‘Pa; porosity: 10.8%; Corral
et al, 2017). After this tectono-magmatic event,
the magmatic arc migrated ~50 km to the north,
where it is represented by the Parita batholith (48
— 36 Ma; Lissinna, 2005; Montes et al., 2012; Cor-
ral et al., 2016; Ramirez et al., 2016). Additionally,
this genetic model mirrors the metallogenic evo-
lution of the Chagres-Bayano arc (Eastern Pan-
ama) where diorites and quartz-diorites intruded
Cretaceous volcanosedimentary sequences at ~49
Ma forming the Rio Pito porphyry copper deposit
(Kesler et al., 1977; Nelson,1995).

This alternative model is consistent with the
Azuero Peninsula geology and geochemistry, as
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well as with previous geochronological studies
(U-Pb zircon, Montes ¢ al, 2012; Ramirez et
al., 2016; *Ar/**Ar hornblende and plagioclase,
Lissinna, 2005; Corral et al, 2016; K-Ar horn-
blende and plagioclase, Del Giudice and Recchi,
1969; Kesler et al., 1977). It differs from the genetic
model proposed by Perelld ¢t al, (2020) that
invokes a previously unrecognized regional-scale
magmatic event to explain the mineralization at
Cerro Quema based on their molybdenite Re-Os

e | Boletin de la Sociedad Geoldégica Mexicana /| 73 (1) / A121220 / 2021

dacite dome complex (~67 Ma). Instead, the
Cerro Quema formational model discussed here,
in which magmatic-hydrothermal fluids derived
from porphyry copper-like intrusions associated
with the Valle Rico batholith produced the Au-Cu
mineralization at ~49 Ma, 1s consistent with the
geology, geochemistry and geochronology of the
Azuero Peninsula.
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Further geochronological work would help to
improve the Cerro Quema genetic model. U-Pb
dating of zircons from the Cerro Quema host rock
(e.g., LP-204; Corral et al., 2016) will help to better
constrain its age and therefore, provide insightful
information to validate the proposed genetic mod-
els. This is an opportunity for a collaborative work
between the two groups that worked on the Cerro
Quema deposit to propose a more robust genetic
model based on further geochronological data.

7. Conlcusions

After a thorough review of the geologic, geo-
chemical and geochronological data form the
Cerro Quema area, it is concluded that the Re-Os
molybdenite dates reported by Perell6 et al., (2020)
are not representative of the formational age of
Cerro Quema. The geology interpreted by Perello
et al., (2020) differs from the geology reported by
field-based studies, especially when describing
the stratigraphic relationship between the Azuero
Protoarc unit and the dacite dome complex of the
Rio Quema Formation. They also invoke a previ-
ously unrecognized regional-scale magmatic event
based on their molybdenite Re-Os ages. Further-
more, their proposed formational age at ~71 Ma
1s significantly older than the age of the hosting

molybdenite Re-Os systematics. The author is
grateful for the review by Dr. Lisard Torré (Pontifi-
cia Universidad Catolica del Pert) who suggested
improvements regarding manuscript clarity. On
the part of Boletin de la Sociedad Geolégica Mex-
icana, Dr. Antoni Camprubi is acknowledged for

handling the manuscript.
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