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ABSTRACT

The Paleozoic Aktogai Group in Kazakhstan ranks among the 30 largest porphyry Cu deposits glob-
ally. TheAktogai deposit is the largest one in the Aktogai Group and is characterized by intensive potassic
alteration where the dominant orebody occurred. However, its mineralization processes still need to be
clarified. Our investigation focused on the texture, trace elements, fluid inclusions, and in situ oxygen
isotopes of the quartz from the ore-related tonalite porphyry and associated potassic alteration at Aktogai
to trace the deposit’s mineralization processes. Ti-in-quartz thermobarometry, fluid inclusion microther-
mometry, and geological characteristics indicate that the ore-related magma at Aktogai originated from a
shallowmagma chamber at∼1.9 ± 0.5 kbar (∼7.2 ± 1.9 km) and intruded as the tonalite porphyry stock at
∼1.7–2.4 km. The potassic alteration and associated Cu mineralization comprise five types of veins (A1,
A2, B1, B2, and C) and two types of altered rocks (biotite and K-feldspar). Among them, nine types of
hydrothermal quartz were identified from early to late: (1) VQA1 in A1 veins and RQbt in biotite-altered
rocks; (2)VQA2 inA2 veins andRQkfs inK-feldspar altered rocks; (3) VQB1 inB1 veins andVQB2E inB2
veins; and (4) quartz associatedwithCu-Fe sulfides (VQB2L, VQBC, andVQC) inB andC veins. Titanium
contents of the quartz decreased, while Al/Ti ratios increased from early to late. Fluid inclusion micro-
thermometry and mineral thermometers reveal that VQA1, RQbt, and hydrothermal biotite formed under
high-temperature (∼470–560 °C) and ductile conditions. VQA2, RQkfs, VQB1, and hydrothermal K-feld-
spar formed during the transition stage from ductile to brittle, with temperatures of ∼350–540 °C. The
rapid decrease in pressure from lithostatic to hydrostatic pressure led to fluid boiling and minor involve-
ment ofmeteoric water (∼11–14%) in themineralizing fluid. Extensive recrystallization inVQA1 toVQB1

was associated with repeated cleavage and healing of the intrusion. With cooling, K-feldspar decompo-
sition and hydrolysis increased. Fluid cooling and water-rock reactions resulted in the co-precipitation of
Cu-Fe sulfides, white mica, chlorite, VQBC, and VQC at temperatures of ∼275–370 °C and brittle con-
ditions. The Paleozoic Aktogai deposit exhibits formation depths and fluid evolution processes similar to
Mesozoic and Cenozoic porphyry Cu deposits worldwide. The close association between Cu-Fe sulfides
and later quartz formed under intermediate-temperature conditions at Aktogai implies that Cu-Fe sulfides
are not precipitated under early high-temperature conditions in porphyry Cu deposits.
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INTRODUCTION

Porphyry Cu deposits (PCDs) are associated with shallow-
emplaced intrusions (<5 km) and provide enormous Cu
(∼75%),Mo (∼50%), andAu (∼20%) resources to the global sup-
ply (Sillitoe 2010). While extensive research has been conducted
on the mineralization process of Mesozoic and Cenozoic PCDs
(e.g., Seedorff et al. 2005; Richards 2011; Hou et al. 2015; Yang
et al. 2016), studies focusing on Paleozoic PCDs are relatively
limited. The Central Asian Orogenic Belt (CAOB) hosts most

of the world’s Paleozoic PCDs, such as Oyu Tolgoi in Mongolia,
Kalmakyr-Dalnee in Uzbekistan, and Aktogai Group in Kazakh-
stan. Previous studies on Paleozoic PCDs in the CAOB have pre-
dominantly examined the tectonic setting, mineralization ages,
natures of ore-related magma, and factors influencing PCD size
(Zvezdov et al. 1993; Müller et al. 2010; Yakubchuk et al.
2012; Shen et al. 2013, 2015, 2018; Chen et al. 2014; Seltmann
et al. 2014; Cao et al. 2016; Porter 2016; Li et al. 2019a). Only a
few giant Cu deposits (>3.162 Mt; Cooke et al. 2005) have been
extensively studied in terms of mineralization processes, such as
Tuwu-Yandong (Shen et al. 2014a, 2014b; Wang et al. 2019,
2021). This limitation hinders the comprehensive understanding*Corresponding author E-mail: lch61522191@mail.iggcas.ac.cn
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