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Table 2 (continued)

Element

ML-Zr-32
ML-Zr-33
ML-Zr-35
ML-Zr-36
ML-Zr-38
ML-Zr-39
ML-Zr-42
ML-Zr-43
ML-Zr-44
ML-Zr-45

Zircon Ti-temperature (Ferry and Wats2007):

Ho

37.6
24.6
19.1
14.5
225
20.9
13.1
28.0
13.3
16.8

Er

162
109
85.0
65.7
103.3
97.0
59.1
123
62.2
77.6

m

34.6
22.5
18.7
14.4
22.8
219
12.9
25.3
13.8
17.2

Yb

345
220
187
144
239
222
131
253
144
176

Lu

64.7
40.5
36.4
27.4
46.8
42.9
25.6
48.2
27.4
35.2

log(ppm Ti-in-zircon) = (5.711+0.072) S (4800 + 86) / T(K) S logaSiiogaTiO,;
aSio=1, aTi0,=0.2;

Zircon oxygen fugacity (Loucks et &020):
FMQ =3.998(+0.124)log[Ce/ (U; x Ti] + 2.284(

pluton (Wang et a2021); Sihaiping pluton (Wang et al. 2022)

ages of 1.17 to 1.44 Ga) of the Triassic granites in the Qin-

1097
755
595
454
729
660
409
837
421
530

Ti

2.12
7.16
5.84
4.74
2.21
5.61
8.14
4.40
5.89
6.08

FMQ

2.62
3.96
2.53
3.02
3.87
151
3.58
3.16
1.28
1.42

T(°C)

751
882
858
834
755
853
897
826
859
862

2016); Yanzhiba, Lanbandeng, and Laocheng

5) (Wang et al.
2021). According to the evolved Nd isotopic compositions,
ng (D=S3.7 to 2.5, with corresponding two-stage model

ling orogenic belt, Zhang et al997) proposed that these
Triassic granites mainly derived from dehydration melting

of the Neoproterozoic crystalline basement, e.g., the Neo-

proterozoic Yaolinghe meta-basalts (Zhang et297). The



Calcic amphibole
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proposed a refied calculation model to calculate the crys-
tallization temperature, pressure,GHcontent, and oxygen
fugacity in igneous rocks, based on a comparison between
natural amphibole compositions in calc-alkaline igneous
rocks and experimental works. Through extensive veri*
cation of natural amphibole compositions, Erdmann et al.
(20149 concluded that the model proposed by Ridet‘al.
(2010 is reasonable. Therefore, we use the Ridsilal.
(2010 model to calculate the crystallization condition of



10" chemical properties record a range of information includ-
¢ Maoerliang diorite ing magmatic crystallization age, temperature, and oxygen
fugacity, making it widely used in solid Earth geochemi-
cal research (Ballard et @002 Ferry and WatsoA007,
Zou et al.2019 Loucks et al2020 Niu et al.2024). When
applying trace elements in zircon to calculate temperature
and oxygen fugacity, dierent calculation methods have
varying principles and application conditions, which may
lead to deviations in the calculated results. Therefore, selec-
tion of the appropriate calculation method is essential. The
zircon Ti thermometer uses the method of Ferry and Wat-
son Q007). To obtain useful temperatures, it is necessary
to make reasonable estimates of the activity of,Ta@d
107 : A ; SiO,. The diorite contains quartz, magnetite, and ilmenite,
F(wt.%) so the activity of SiQis bu ered at 1, and the activity of
TiO, is bu ered at 0.2. The calculated zircon Ti-tempera-
tures range from 751 to 932 °C, with an average of 843 °C,
2022 which is consistent with the crystallization temperature of
amphibole. In the Maoerliang diorites, the overall high La
content in zircon ranging from 0.18 to 47.3 ppm suggests a
higher content of inclusions (e.g., apatite) within the zircon.
Loucks et al. 2020 utilized the correlation between Ce,
U, and Ti in zircon to propose a Ce—U-Ti oxygen fugacity
meter for zircon, which can ectively avoid the inlience
of zircon crystallization temperature and mineral inclusions.
The calculated results show that FMQ ranges from $1.14
to +3.96, with an average of +2.07, and iggranges from
S13.3 to $19.9, slightly higher than mantle wedge oxygen
fugacity (FMQ=S1 to +2).
Early studies on the East Qinling gold deposits suggested
2010). The results indi- that magma activity characterized by high oxygen fugacity
cate that the Maoerliang diorite has highOHcontent of  and high HO content, which are rich in mantle materials, is
4.22-4.94% and oxygen fugacity ( NNO = S$4.08 to S3.71, favorable for the formation of gold deposits (Zhi e28l19
logfo,=S12.0 to $13.7). The high J® content in silicate Li et al. 2022 Liu et al.2022 Wen et al2023 Wei et al.
melt would promote crystallization of amphibole and delay2024). We compared the zircon oxygen fugacity and zircon
crystallization of plagioclase (Nekvasil et 2004, which  Ti-temperature of the Maoerliang diorite, the Mo-W-bearing
is con“rmed by the clinopyroxene inclusions in amphibolegranite in the Ningshan area, and the Au-bearing granite in
(Fig. 2) and low An values of the plagioclase (An=21-26).the East Qinling (Figll; Wen et al2023. The results show
The apatites that crystallized from mantle-derived magmehat the oxygen fugacity of the Maoerliang barren diorite is
would have low F/CI ratios (Fi@; Zhou et al2022. The  higher than that of the W-Mo-bearing granite from the same
apatites in the diorite have high F and low Cl content, witlsource region, but it is similar to that of the Au-bearing gran-
high F/ClI ratios of 77 to 690. The low CI content of thesete in the East Qinling. The deep mantle/crust is an important
apatites indicates that they may have crystallized in magnsmurce of ore-forming materials, andids rich in F and with
derived from hydrated crust, indicating the existence ofiigh oxygen fugacity are conducive to the precipitation of
evolved crustal components in their source (Zafar et alAu and other ore-forming elements. Since the Maoerliang
2020. In addition, most of the points in the F vs. Cl diagrandiorite has characteristics similar to gold-bearing granite, the
fall into the S-type granite area (Fig), which is consist- study of the Maoerliang diorite has certain reference value
ent with the conclusion of previous studies in the Triassitor gold exploration in the South Qinling.
Ningshan pluton (Wang et &021).
Zircon is ubiquitous in various types of rocks, serving
as an important accessory mineral. Its stable physical and
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