








Table 3 REE compositions of various rocks and minerals in the study area (%)

Series
#

Sample
ID

Sample type Sample site Sample age

1 SL-05 Slate At the Liushapo Early and Middle Triassic
(T1–2)

2 SD-56 Slate In ore body I-10’s hanging wall

3 SL-11 Quartz from a tourmaline-bearing
quartz vein

At the Liushapo

4 SL-18 Striped (banded) marble Near the Tizigou

5 SD-49 Striped (banded) marble At the #4 shaft’s portal

6 SD-69 Coarse-grained marble At Dashuigou ditch’s bottom

7 SL-03 Slate At the Heba Late Permian
(P2)

Upper black rock section
(P2

4)

8 SL-10 Metamorphosed basalt Near Miaoping Basalt (P2
1)

9 SL-01 Granite At the Niubeishan, Xinchang Indosinian period (c5
1)

10 SL-26 Potassium feldspar granite At Sanxing, Fengle, Shimian The late Proterozoic (Pt
3,

ck2
3)

11 SL-22 Granite Beside Dadu River,
ShimianTownship’s west

The late Proterozoic (Pt
3,

c2
3)

12 SD-09 Quartz A quartz vein in ore body I-8 Yanshanian (J2-K2)

13 SD-65-1 Dolomite A dolomite vein in ore body I-8

14 SD-55-
py

Pyrite (py) Ore body I-10

15 SD-55-
Pr

Pyrrhotite (pr) Ore body I-10

16 SD-57 Altered host rock Ore body I-10 ’s hanging wall

17 sD-59 Ore Ore body I-10

Series # (9 10- 6)

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc

1 31.81 55.57 6.41 25.15 4.53 1.04 4.87 0.67 2.90 0.59 1.49 0.18 1.20 0.19 13.27 10.82

2 11.88 25.40 3.45 15.70 3.79 1.64 4.67 0.67 4.14 0.83 1.79 0.22 1.32 0.17 16.39 48.31

3 0.17 0.46 0.04 0.11 0.02 0.02 0.03 0.01 0.03 0.00 0.01\ 0.002 0.01 \ 0.002 0.05 3.12

4 5.37 5.68 1.47 4.47 1.24 0.65 l.970 0.30 1.76 0.35 1.10 0.12 0.77 0.12 10.70 0.91

5 0.91 1.57 0.22 0.78 0.16 0.05 0.19 0.03 0.20 0.04 0.65 0.01 0.06 0.01 0.86 0.38

6 0.66 1.01 0.16 0.58 0.13 0.04 0.15 0.02 0.15 0.02 0.05 0.01 0.05 0.01 0.59 0.38

7 25.24 44.44 5.28 19.52 3.81 0.90 4.09 0.70 3.10 0.63 1.75 0.25 1.45 0.20 16.61 8.86

8 30.43 51.45 6.56 24.70 4.70 1.16 4.89 0.68 2.92 0.58 1.51 0.20 1.22 0.17 14.61 12.46

9 19.33 35.88 4.18 15.20 2.90 1.04 2.64 0.40 2.48 0.53 1.50 0.23 1.49 0.22 13.54 18.91

10 79.61 151.00 16.50 65.20 12.82 0.22 15.20 2.53 12.51 2.65 7.03 0.99 6.42 1.05 61.89 3.22

11 85.66 156.10 16.85 66.47 10.96 1.13 11.53 1.68 6.96 1.40 3.71 0.51 3.15 0.51 32.56 9.12

12 0.39 1.23 0.12 0.38 0.08 0.06 0.10 0.02 0.01 0.02 0.03 0.01 0.04 0.01 0.26 0.91

13 10.97 28.35 4.55 23.04 6.59 1.09 7.39 l.200 7.06 1.52 3.81 0.44 2.64 0.41 34.43 3.12

14 0.32 0.77 0.10 0.37 0.10 0.04 0.11 0.03 0.18 0.03 0.06 0.01 0.07 0.01 0.46 2.41

15 0.34 0.79 0.10 0.38 0.10 0.02 0.11 0.02 0.12 0.02 0.04 0.01 0.06 0. 08 0.31 1.69

16 1.59 4.70 0.73 2.39 0.73 0.44 0.75 0.14 0.68 0.13 0.27 0.04 0.36 0.06 1.94 49.05

17 0.23 0.77 0.09 0.36 0.13 0.08 0.13 0.02 0.12 0.02 0.03 0.00 0.03 0.00 0.21 3.78

Laboratory: China National Geological Test Center; Test method: Plasma Spectroscopy
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Jiangguanshan alkaline syenite may be the differentiated
product of mantle-derived magma. The Jiangguanshan
quartz diorite is adjacent to the eastward Jiangguanshan
alkaline syenite, and the two are in a gradual transition
relationship. The Xinchang granite stock is exposed in a
triangle area to the east of the deposit, with an area of 10
km2.

The chemical composition of Xinchang granite is shown
in Table 2. Compared with Xiaoshui ordinary granite and
potassium feldspar granite, Xinchang granite is obviously
low in silicon, high in aluminum, and rich in calcium and
magnesium. In terms of REE composition (Tables 3, 5 & 9,
and Fig. 2), theRREE of Xinchang granite is extremely
low, and Eu shows an insigni�cant negative anomaly.

The Xinchang granite has a high Sc content of 18.91,
which is much higher than the average value of medium-
acid rocks in Table 4. The Eu/Sm of Xinchang granite is
0.359, which is close to both the trachybasalt of the

Siberian platform in Table 6, and to the Middle and Lower
Triassic metabasalts in the area. The Xinchang granite’s
REE parity ratio, namely its EREE/OREE value, is 2.395,
which is much lower than the average value for granite.
The REE distribution curve of Xinchang granite is close to
that of Permian granite in this region (Fig. 2). Thed18-

OSMOW% of quartz from Xinchang granite is 8.5, which is
different from that of S-type granite (d18OSMOW% C 10.0)
and just falls within the range of I-type granite (Fig. 4). Its
d30SiNBS- 28% is - 0.30, which is different from the
aforementioned Xiaoshui granite, but within the range of
the d30SiNBS- 28% values of granite-like rocks (Table 8 &
Fig. 3). Xinchang granite has its particularities. The above
petrochemical and geochemical characteristics show that
the formation of this stock is either closely related to basalt,
or evolved from basalt magma, or formed by the remelting
and metasomatism of the Late Archean-Early Proterozoic,

Table 4 Scandium abundance in different rock types (Li 1976; Liu et al. 1984; Yin 1996a). Note: ()* Number of samples in parentheses

Rock type Sc (9 10- 6) Data source

Igneous rocks Ultrabasic 5, 15, 30

Basic 20, 24, 40

Medium 2.5, 4.0

Acid 2, 3, 7 (poor calcium), 14 (rich calcium)

Alkaline 3

Sedimentary rocks Limestone 0.40* 1.50

Sandstone (22-sample average) \ 0.00n%

Sandstone 1

Paci�c manganese nodules (5)* 7* 15

American bauxite ore 4* 10

Clay (2,886-sample average) 12

Argillaceous rock (32-sample average) 10 Li 1976

Metamorphic rocks Marble 0.47* 0.97 Liu et al. 1984

Quartzite 1.00* 3.20 Yin 1996a, b

Metamorphosed shale (10)* 20

Schist 1* 3, 10* 20

Green schist 20* 30

Gneiss 12

Amphibole 10* 50

Amphibole schist 15

Serpentine 10

Amphibole (16)* 57

The Crust 10

Continental crust 22

30

Meteorite Chondrite 5.0* 9.4

Achondrite 17* 78

Basalt of Lunar Maria 39* 75
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Permian, or Middle-Lower Triassic metabasalt in the
region.

There are a large number of quartz, carbonate, and
diabase veins, as well as a small amount of granitoid aplite,
granite pegmatite, and lamprophyre dikes, etc. in the study
area’s various metamorphic and intrusive rocks of different

ages. No Yanshanian intrusive bodies were exposed in the
study area.

Different types of mineral resources in the region are
very rich; many of these are well known, including Ti, V,
Cu, Pb, Zn, SM (scattered metals), REE, coal, asbestos, and
the Panzhihua vanadium titano-magnetite deposit (Luo
et al. 1996; Yin 1996a).

Table 5 REE eigenvalues of different rocks in the study area

Series
#

Sample
ID

RREE(9 10- 6) RREE ? Y
(9 10- 6)

RLREE/
RHREE

EREE/
OREE

Sm/
Nd

Eu/
Sm

(La/
Yb)N

(Ce/
Yb)N

Eu* dEu

1 SL-05 136.60 149.87 10.30 2.34 0.18 0.23 15.74 9.36 19.18 0.74

2 SD-56 75.67 92.06 4.48 3.01 0.24 0.43 5.34 3.89 17.01 1.32

3 SL-11 0.91 0.96 9.55 2.76 0.21 0.63 17.00 15.16 0.11 1.88

4 SL-18 25.37 36.07 2.91 2.03 0.28 0.52 4.14 1.49 6.28 1.42

5 SD-49 4.28 5.15 6.16 2.39 0.21 0.313 9.31 5.48 0.71 0.97

6 SD-69 3.05 3.64 5.48 2.31 0.22 0.30 7.72 4.03 0.56 0.92

7 SL-03 111.36 127.97 8.15 2.35 0.20 0.24 10.34 6.20 16.12 0.77

8 SL-10 131.13 145.74 9.81 2.30 0.19 0.25 14.81 8.52 19.64 0.81

9 SL-o1 88.02 101.56 8.28 2.40 0.19 0.36 7.70 4.87 11.51 1.24

10 SL-26 373.73 438.62 6.73 2.61 0.20 0.02 7.36 4.75 56.57 0.05

11 SL-22 366.62 399.18 11.45 2.40 0.17 0.10 16.15 10.02 46.00 0.34

12 SD-09 2.48 2.74 9.75 3.04 0.21 0.72 5.90 6.37 0.36 2.18

13 SD-65-1 99.06 133.49 3.05 3.91 0.29 0.17 2.47 2.17 28.40 0.53

14 SD-55-
Py

2.19 2.65 3.48 3.14 0.27 0.36 2.94 2.41 0.43 1.15

15 SD-55-Pr 23,116.00 2.46 4.57 3.09 0. 261 0.20 3.64 2.86 0.42 0.65

16 SD-57 13.02 14.97 4.35 3.15 0.31 0.60 2.62 2.64 3.05 1.98

17 SD-59 2.02 2.23 4.68 3.51 0.37 0.60 4.24 4.88 0.54 2.04

Series # Ce* dCe (La/Lu)N (La/Sm)N (Gd/Lu)N Sm/Eu La/Yb La/Sm Sm* dSm (Gd/Yb)N

1 76.412 0.77 16.22 4.39 2.56 4.36 26.51 7.02 28.08 0.81 2.49

2 32.938 0.82 6.77 1.96 2.75 2.31 9.00 3.14 24.32 0.78 2.17

3 0.435 1.12 8.43 4.53 1.50 1.60 29.00 7.25 0.20 0.61 3.03

4 14.516 0.42 4.34 2.71 1.64 1.91 6.97 4.33 8.18 0.76 1.57

5 2.323 0.72 8.80 3.55 1.90 3.20 15.66 5.68 0.99 0.81 2.01

6 1.701 0.63 9.16 3.28 2.20 3.32 12.98 5.25 0.75 0.85 1.85

7 61.438 0.77 12.23 4.14 2.05 4.23 17.41 6.63 22.53 0.85 1.73

8 74.881 0.73 17.34 4.05 2.88 4.05 24.94 6.47 28.53 0.82 2.46

9 47.620 0.80 8.51 4.17 1.20 2.79 12.97 6.67 19.79 0.73 1.09

10 193.141 0.83 7.35 3.88 1.45 58.27 12.40 6.21 55.84 1.15 1.45

11 204.053 0.81 16.27 4.89 2.26 9.70 27.19 7.82 63.13 0.87 2.24

12 1.105 1.18 4.69 2.99 1.25 1.40 9.92 4.78 0.71 0.57 1.58

13 36.099 0.84 2.59 1.04 1.80 6.05 4.16 1.67 26.67 1.24 1.72

14 0.912 0.90 2.84 2.03 1.03 2.75 4.95 3.25 0.56 0.89 1.07

15 0.950 0.89 4.17 2.17 1.33 4.95 6.14 3.48 0.45 1.09 1.16

16 5.528 0.90 2.40 1.35 1.18 1.67 4.41 2.16 3.03 1.21 1.28

17 0.740 1.11 3.68 1.07 2.12 1.66 7.13 1.71 0.85 0.78 2.44

� RHREE does not contain Y;̀ EREE/OREE is parity ratio, namely, (Ce? Nd ? Sm ? Gd ? Dy ? Er ? Yb)/(La ? Pr ? Eu ? Tb ?
Ho ? Tm); ´Sample theoretical value Eu* = (Sm? Gd)N/2, dEu = (Eu)N/Eu*, Ce* = (La ? Pr)N/2, dCe = (Ce)N/Ce*, Sm* = (Nd? Eu)N/2,
dSm = (Sm)N/Sm*
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Table 6 Eu/Sm ratios of different rock types around the world (Li 1976; Liu et al. 1984; Yin 1996a)

Rock type Oceanic Siberian platform Bulgaria The crust Granite Europe & Japan Paleozoic shale Sedimentary rock

Olive basalt Basalt Trachybasalt

Eu/Sm 0.44 0.32 0.36 0.28 0.16 0.16 0.17 0.20

Table 7 EREE/OREE ratios of different rocks around the world

Rock type Chondrite Chondrite Chondrite Ultrabasic rock Gabbro Basalt Diorite Andesite Granite

EREE/OREE 3.91 3.88 3.79 3.44 3.22 2.83 2.46 2.14 2.71

Rock type The crust Sedimentary rocks Paleozoic shale Shale

Australia Northern Guangxi, China Europe Russian platform North America

EREE/OREE 2.70 2.61 2.52 2.61 2.59 2.80

Fig. 2 The chondrite-normalized REE diagram of granites in
different geological ages in the region

Table 8 Silicon isotopic content of different rocks and minerals in the study area. (Note: Chemical compositions of the samples series # are
shown in Table 2)

Series # Sample ID Sample type Sample location d30SiNBS-28% Note

1 SL-19 Schist Near Tizigou outside the deposit (T1–2) - 0.2

2 SD-38 Plate In the footwall of #I-1 ore body (T1-2) 0.1 Protolith: Basalt

3 SD-60 Plate In the footwall of #I-10 ore body (T1-2) - 0.2

4 SL-11 Quartz From a toumaline-quartz vein at Liushapo - 0.4

5 SD-26 Quartz Orebody I-4 - 0.3

6 SD-67 Quartz Orebody I-7 - 0.3

7 SD-20 Biotite Pyrrhotite vein III-3 - 0.3

8 SD-23 Muscovite Orebody I-4 0.3

9 SL-01 Granite (c5
1) Niubeishan, Xinchang - 0.3 I type

10 SL-22 Granite (Pt3) Beside the Dadu river - 0.1 S type

11 SL-26 Granite (Pt3) Sanxing village, Fengle township 0.2

Fig. 3 Silicon isotope histograms of different rocks and minerals in
the study area. 1-schist/slate; 2-quartz; 3-biotite; 4-muscovite;
5-granite
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2.4 Structure

Remote sensing interpretation shows that linear and
annular structures develop in the study area. Linear struc-
tures can be divided into the following groups: NW, NNE,
NS, NWW, and NEE. These linear structures include the
following two important ductile shear zones, the Daduhe
ductile shear zone, and the Xiyoufang ductile shear zone1.

The identi�cation of annular structures is helpful for the
discovery of deep hidden magmatic activities or structural
thermal anomalies, which in turn help to determine the
metallogenic mechanism. As the largest known annular
structure in the area, the Xiyoufang annular structure is
concentric with the Xiyoufang as the center, at a diameter
of about 8 km. Its southern point can reach the Dashuigou
deposit. The Xiyoufang annular structure is a composite
ring. In addition to the concentric composite ring of the
large ring itself, there are two small annular structures with
a diameter of about 2 km inside the large ring. It is also
accompanied by two other small rings around it.

The annular structure is strongly intersected by linear
structures with different directions and different mechani-
cal properties, forming the Ø-shaped structures that are
very favorable for mineralization. The Xiyoufang annular
structure is closely related to mineralization. Nearly 20
tellurium mineralization showings and the Dashuigou tel-
lurium deposit, as well as more than 10 Au-Bi composite
geochemical anomalies and some gold geochemical
anomalies, are spatially related to the annular structure.

Located within the southwest of the Xiyoufang annular
structure and as one of the sub-rings of the Xiyoufang
annular structure, the Dashuigou annular structure inter-
sects with NE, EW, SN, and NW trending linear structures,
forming a characteristic Ø-shaped structure and controlling
the Dashuigou tellurium deposit and the nearby Majiagou
tellurium showing, as well as several Au and Bi geo-
chemical anomalies.

The perfectly circular Jinhuadong annular structure is
also a sub-ring of the Xiyoufang annular structure. It
intersects with NWW, NNW, and SN-trending linear
structures, forming a characteristic Ø-shaped structure, and

Table 9 Chondrite-normalized REE values of different minerals and rocks from the study area

Series # Sample ID La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

1 SL-05 99.41 59.12 53.42 41.92 22.65 14.25 15.71 13.40 9.36 8.08 7.10 5.46 6.32 6.13

2 SD-56 37.13 27.02 28.75 26.17 18.95 22.47 15.07 13.40 13.36 11.37 8.52 6.67 6.95 5.48

3 SL-11 0.54 0.49 0.33 0.19 0.12 0.21 0.10 0.10 0.10 0.06 0.03 0.06 0.03 0.07

4 SL-18 16.78 6.04 12.25 7.45 6.20 8.90 6.36 6.00 5.68 4.80 5.24 3.64 4.05 3.87

5 SD-49 2.84 1.67 1.81 1.30 0.80 0.69 0.61 0.66 0.63 0.48 0.31 0.33 0.31 0.32

6 SD-69 2.07 1.08 1.33 0.97 0.63 0.52 0.50 0.48 0.48 0.33 0.26 0.21 0.27 0.23

7 SL-03 78.88 47.28 44.00 32.53 19.05 12.33 13.19 14.00 10.00 8.63 8.33 7.58 7.63 6.45

8 SL-10 95.09 54.73 54.67 41.17 23.50 15.89 15.77 12.80 9.42 7.95 7.19 6.06 6.42 5.48

9 SL-01 60.41 38.17 34.83 25.33 14.50 14.25 8.52 8.00 8.00 7.26 7.14 6.97 7.84 7.10

10 SL-26 248.78 160.64 137.50 108.67 64.10 3.01 49.03 50.60 40.36 36.30 33.48 30.00 33.79 33.87

11 SL-22 267.69 166.06 140.42 110.78 54.80 15.48 37.19 33.60 22.45 19.18 17.67 15.46 16.58 16.45

12 SD-09 1.21 1.31 1.00 0.63 0.41 0.80 0.32 0.36 0.03 0.23 0.16 0.18 0.21 0.26

13 SD-65-1 34.28 30.16 37.92 38.40 32.95 14.93 23.84 24.00 22.77 20.82 18.14 13.33 13.90 13.23

14 SD-55-Py 1.01 0.82 0.82 0.62 0.50 0.49 0.37 0.50 0.58 0.38 0.28 0.27 0.34 0.36

15 SD-55-Pr 1.08 0.85 0.83 0.63 0.50 0.27 0.34 0.38 0.39 0.27 0.21 0.24 0.30 0.26

16 SD-57 4.96 5.00 6.10 3.99 3.67 6.03 2.43 2.76 2.19 1.81 1.27 1.33 1.90 2.07

17 SD-59 0.71 0.82 0.77 0.61 0.67 1.10 0.41 0.44 0.39 0.21 0.13 0.18 0.17 0.19

Chondrites 0.32 0.94 0.12 0.60 0.20 0.07 0.31 0.05 0.31 0.07 0.21 0.03 0.19 0.03

Fig. 4 The d18O% diagram of different types of granites from
different regions
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5.3 Geochemistry of silicon isotope

Silicon isotope geochemistry is a relatively new branch of
stable isotope geochemistry (Ding et al. 1994). Relevant
studies have shown that metamorphic rocks such as slate
and schist can preserve the protolith’s silicon isotopic
composition during the metamorphic process. Accordingly,
this paper attempts to restore the protolith of the deposit’s
metamorphic host rocks by using the host rock’s silicon
isotope. The silicon isotope results of three host rock
samples and one quartz sample from the tourmaline-quartz
vein are shown in Table 8.

According to Ding et al. (1994), thed30SiNBS-28% of
intermediate-basic igneous rocks distribute between
- 1.0–0.3. Thed30SiNBS-28% values of the three rock
samples from the study area just fall into this range, indi-
cating that their protolith is an intermediate-basic volcanic
rock.

In addition, the d30SiNBS-28% of the two amphibole
schist samples from the Qingchengzi lead–zinc deposit in
Liaoning China are- 0.1 and- 0.3 respectively, while
that of the plagioclase amphibole schist and amphibole
schist from Gongchangling in Liaoning China are- 0.1
and 0.1 respectively. All these rocks’ protolith has been
proven to be basalt. Thed30SiNBS-28% of the deposit’s
schist and slate samples is also in the range of
- 0.3 * 0.1, again indicating that the protolith is basalt.

The d30SiNBS-28% of quartz samples from the tourma-
line quartz vein in this area is- 0.4, which should be
within the d30SiNBS-28% range of granitoid rocks.
According to Ding et al. (1994), thed30SiNBS-28% of
granitoid rocks varies in the range of- 0.4 * 0.4, with a
peak value of- 0.1 and an average value of- 0.12.

6 Discussion

Combining the aforementioned host rock’s geological,
petrochemical, REE, and silicon isotope characteristics of
the Middle and Lower Triassic metamorphic rocks in the
study area, it can be seen that:

The deposit’s hosts rock schist and slate are a set of
regional low-temperature dynamic metamorphic rocks in
the Indosinian period with low greenschist facies. The
lithology and lithofacies change signi�cantly, and the
alteration intensity is different; the alteration within the
deposit area is strong, and gradually weakens and disap-
pears as it moves away from the deposit.

The host rock has undergone multiple geological tec-
tonic movements, in which fault structures are developed
and various alterations such as dolomitization, tourmalin-
ization, muscovitization, silici�cation, sericitization, and
chloritization are commonly seen in the region. In addition,

pyrrhotite, lead–zinc, copper, pyrite, tellurium, bismuth,
and gold-silver mineralizations are also very developed.

The protolith of the host rock, namely the schist and
plate, is a set of basalt with complex genesis and compo-
sition. This set of basalts was formed under severe tectonic
change and the upper mantle was in a severe non-equilib-
rium state.

The change of the marble’s facies in the deposit is more
obvious, indicating that the lithofacies and paleogeo-
graphical environment at the time of its formation were
complex. Moreover, this set of marbles has been subjected
to more than one tectonic thermal disturbance after its
formation, resulting in anomalies in its geochemical char-
acteristics, such as a certain degree of similarity between
its REE composition and that of the overlying basalt. In
addition, the black streaks in the banded marble are mainly
composed of magnetite rather than carbonaceous argilla-
ceous rocks. This is worthy of further study in the future.

Quantitative chemical analyses of Te, Bi, Se, As, Au,
Ag, Cu, Pb, and Zn were conducted on different rock
samples including granite dykes, metamorphic rocks,
altered rocks, and carbonate veins of different geological
times. The main �ndings are summarized below (Yin et al.
1994b, 1996b; Yin 1996a).

The Te content in the granites is under 19 10- 7, which
is similar to its Clark value in the Earth’s crust (Yin et al.
1995). Te in the metamorphic rocks is slightly higher than
in the granites and varies slightly between metamorphic
rocks of different geological times, while being relatively
higher in the Triassic metamorphic rocks. Of the meta-
morphic rocks in the same geological time, the Te content
in the slate and schist is higher than in the marble. Te
content in rocks of the same stratohorizon of the same
geological time also varies; namely, it is higher in rocks
within the deposit than in those beyond the deposit. Te
content is closely related to the alteration intensity; that is,
the ore-forming elements are not derived from the country
and/or host rocks, but instead from the mantle.

The numerous basalts of different geological ages
developed in the area also indicate that this area is a very
popular area for mantle materials to settle down. This
proves from one side that the ore-forming elements of this
deposit originate from the mantle.

The sulfur isotope results from the dominant ore mineral
telluride in this deposit (Yin et al. 1994b, 1996a, b; Yin and
Shi 2020), as well as results of �uid inclusions rich in Fe,
Te, S, As, Bi, Se, H2, CO2, N2, and CH4 etc. in the
coexisting gangue minerals dolomite and quartz as well as
ore mineral tellurides (Yin et al. 1994b, 1996a, b; Yin
1996a), all indicate that the ore-forming materials originate
from the upper mantle.

Considering the widespread existence of mantle mate-
rials such as various basalts of different geological ages in
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this area, it is reasonable that the deposit is formed by
mantle-derived material richer in tellurium and bismuth
elements, in the form of mantle plumes or hot spots,
through the mantle degassing in the late Yanshanian oro-
geny (Yin et al. 1995). Its enrichment mechanism was
these nanometer-level gaseous substances from the mantle
enriched into ore bodies through the unique nano-effect,
which was then brought into the crust to form the deposit.

7 Conclusions

Based on the discussions above, the authors reach the
conclusions of this paper as follows:

Although they have been proposed by geological experts
for many years, the above-mentioned petrochemical dia-
grams and eigenvalues are still of great practical signi�-
cance for deciphering the protolith of many different kinds
of metamorphic rocks.

These diagrams include but are not limited to the ACM,
100 mg-c-(al? alk), SiO2-(Na2O ? K2O), (al ? fm)-
(c ? alk) vs. si, (FeO? Fe2O3 ? TiO)-Al2O3-MgO,
c-mg, Al2O3-(Na2O ? K2O), the chondrite-normalized
REE model, La/Yb-REE, and Sm/Nd ratio diagrams, etc.
Additionally, these petrochemical eigenvalues include but
are not limited to the molecular number, Niggli’s value,
REE parity ratio, CaO/Al2O3, Fe3? /(Fe3? ? Fe2? ), the
chondrite-normalized REE value, logarithmic REE value,
various REE eigenvalues including Sc, Eu/Sm ratio, the
total REE amount, light REEs, heavy REEs,dEu, Eu
anomaly, Sm/Nd ratio, and Silicon isotoped30SiNBS-28%,
etc.

The existence of many basalts of different geological
ages, as well as the existence of many intermediate-acid
igneous rocks of different geological ages originating from
these basic rocks, together with the existence of many
lithospheric faults in the area, fully demonstrate that the
formation of the Dashuigou tellurium deposit is closely
related to the mantle degassing in the form of mantle
plumes or hot spots. The gaseous materials discharged
from the mantle are rich in nano-scale tellurium and bis-
muth and can be enriched through the nano-effect, which
then rises to certain proper parts of the crust to form the
deposit.

The ultimate power for the tellurium mineralization was
from H2 �ow with giant energy, which was produced
through radiation from the melted iron of the Earth’s outer
core. The H2 �ow results in the Earth’s degassing, as well
as the mantle and crust’s uplift.
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