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Abstract: As one of the typical deposits in Sichuan-Yunnan-Guizhou Pb-Zn metallogenic province, the
Daliangzi Pb-Zn deposit has a close genetic relation with the structural system of “black/fracture zone” formed
under the action of NWW-approx. EW strike-slip structures in the metallogenic province, but the mechanism
of rock and ore-controlling action of the structural system remains unclear. Based on detailed analysis of
tectonite-mineralized alteration lithofacies of R1 “black/fracture zone”, the tectonite-mineralized alteration
lithofacies zones can be divided into 4 types in succession outward from the Pb-Zn mineralization center, i.e.,
(D brecciated and stockwork-like Pb-Zn mineralization-complex breccia facies zone, (2) stockwork-like Pb-Zn
mineralization-simple breccia and cataclasite facies zone, (3) veined pyrite-sulfide-dolomitic cataclasite facies
zone, and (4) fine-veined calcite-black carbonized dolomite facies zone; Cl- and SOs-rich high-temperature
oxidizing ore-bearing fluid mixes with reducing fluid in Zone (1) while migration and precipitation occur in
Zone (). With the evolution of ore-forming fluid, the homogenization temperature decreases from Zone (1) to
Zone (4), the salinity increases from Zone (D to Zone (2) and then decreases to Zones 3) and (3), and the fluid
density has little change on the whole; the contents of Zn, Pb, Cu, Ga, Ge, Cd, Ag, and other metallogenic
elements, the Zn/Pb ratio, and the CaO/MgO mole ratio decrease gradually from Zone (1) to Zone (4); and REE
fractionation, calcilization, silicification, and pyritization enhance gradually from Zone @ to Zone @ This
series of changes are the product of diapirism (cryptoexplosion) of strike-slip structures and “black/fracture
zone”, among which the second-order structures (Fs, Fioo, and other faults) derived from NWW-approx. EW
striking dextral shear-tension faults F1 and Fis control the brecciated and stockwork-like Pb-Zn mineralized
complex breccia facies zones and the stockwork-like Pb-Zn mineralized simple breccia and cataclasite facies
zones. Therefore, this paper establishes the zoning mode of tectonite-mineralized alteration lithofacies of
“black/fracture zone” and proposes that Zones (@ and 2) are important prospecting criteria. conclusions.

Keywords: “black/fracture zone”, tectonite-mineralized alteration lithofacies; strike-slip structure +
diapirism (cryptoexplosion); Daliangzi Pb-Zn deposit; Sichuan-Yunnan-Guizhou Pb-Zn
metallogenic province

1. Introduction

“Tectonite-mineralized alteration lithofacies” refers to the crustal material fabrics and
compositions and structural deformations that can reflect the geological environment and
physicochemical conditions of different structures under the action or control of tectonic stress field
and the different types of tectonorock, mineral, and geochemical element assemblages formed
therefrom as well as their zoning characteristics [1]. Based on different research levels and scales,
Fang et al. (2021) divided structure lithofacies into five levels, i.e., (1) tectonic structure lithofacies; (2)
regional structure lithofacies; (3) ore field structure lithofacies; (4) deposit structure lithofacies; and
(5) ore-body structure lithofacies[2]. Lv et al. (1998, 2001, 2020) proposed structure deformation
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lithofacies [3-5] , which combines structures and constructions and is mainly applicable to the ore
field-deposit level [6]. Through zoning and deformation screening of structure lithofacies and
combined research of macroscopic and microscopic tectofacies, Fang et al. (2021) identified 9 zoning
structure styles of vertical tectofacies in the metallogenic system of Sn-Cu-W mineralized
concentration area in Gejiu, Yunnan Province, providing a theoretical basis for the deep prospecting
and buried structure lithofacies prediction of this area[2]. By structure-alteration lithofacies mapping
method, Han et al. (2011) studied the diapiric structure of copper ore deposit of Fengshan Block in
Yimen County, Yunnan Province, carried out prospecting on deep orebody, and made a
breakthrough in ore prospecting. This shows that the study on tectonite-mineralized alteration
lithofacies can not only reveal the metallogenetic process, but provide an important basis for ore
prediction[1].

Located in the southwestern margin of the Yangtze Plate (Figure la), the Sichuan-Yunnan-
Guizhou Pb-Zn metallogenic province is bounded by the Anninghe fault (SN strike) on the west, the
Weining-Shuicheng fault (NW strike) on the northeast, and Mile-Shizong fault (NE strike) on the
southeast, respectively. So far, over 500 Pb-Zn deposits (spots) have been found there [7,8] , which
mainly exist in carbonate formation and are controlled by tectonic and altered carbonates [9,10]. As
one of the representative deposits in the Sichuan-Yunnan-Guizhou Pb-Zn metallogenic province, the
Daliangzi Pb-Zn deposit has a typical feature that ore body exists in “black/fracture zone” [11] (Figure
1b). “Black/fracture zone”, as the main ore-bearing geologic body of deposit, is controlled by Fis, F1
and other major strike-slip faults of the ore area [10], and can be divided by composition into two
types, i.e., the “black/fracture zone” mainly composed by Upper Sinian Dengying Formation (Zbd)
dolomitic breccia or fragments (referred to as R1) and that mainly composed by Lower Cambrian
Qiongzhusi Formation (€19) black gray calcareous fine sandstone, siltstone, and calcareous shale
breccia or fragments (referred to as R2). The R1 type, which mainly consists of ore-controlling and
ore-bearing structures [12,13] , has been concerned by many scholars [14-18]. At present, there are
mainly three opinions on the relationship between “black/fracture zone” and ore forming: (1) the
product of paleokarst cave deposit [19]; (2) the product of slump breccia, diagenetic breccia, tectonic
breccia, and karst breccia formed by gravity flow [20] (but effects during and after metallogenic epoch
are not distinguished in this opinion); (3) tectonic genesis [12] believe that “black/fracture zone” is
the fracture zone formed by tensile fracture structure and carbonized by the reformation and
superimposition of ore-forming fluid rich in organic carbon; Kong et al. (2022) believe that
“black/fracture zone” is controlled by minus flower structure composed by NW-W and N-W
faults[11]; Han et al. (2022) believe that “black/fracture zone” is under the combined control of minus
flower structure and diapir structure[10].
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Figure 1. (a) Structure of Sichuan-Yunnan-Guizhou Pb-Zn mineralization concentrated area; (b)
Geologic sketch of the Daliangzi Zinc-rich Pb-Zn deposit (slightly modified in 2022 based on the data
of the mine and that provided by [17]); (c) Cross section of A-B in the Daliangzi Pb-Zn deposit. Note:
a-(D-Yangtze plate; (2)-Ganzi folded belt; (3)-Yidun island arc belt; (4)-Lanping block; (5)-Sanjiang
fold system; (6)-Indian plate; b-1-Dolomite limestone of Lower Cambrian Longwangmiao Formation;
2-Argillaceous limestone in upper member of Lower Cambrian Canglangpu Formation; 3-Quartz
sandstone in lower member of Lower Cambrian Canglangpu Formation; 4-Shale in upper member of
Lower Cambrian Qiongzhusi Formation; 5-Quartz sandstone in lower member of Lower Cambrian
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Qiongzhusi Formation; 6-Banded dolomite in the eighth member of Upper Sinian Dengying
Formation; 7-Phosphorous dolomite in the 2" layer of the seventh member of Upper Sinian Dengying
Formation; 8- Phosphorous dolomite in the 1+t layer of the seventh member of Upper Sinian Dengying
Formation; 9-Siliceous dolomite in the 2" layer of the sixth member of Upper Sinian Dengying
Formation; 10- Banded dolomite in the 1% layer of the sixth member of Upper Sinian Dengying
Formation; 11-Fine-grain siliceous dolomite in the fifth member of Upper Sinian Dengying Formation;
12-Nodular chert-bearing siliceous dolomite in the 4™ layer of the fourth member of Dengying
Formation of Upper Island Arc Belt Series of Sinian System; 13-Pelitic-arenaceous dolomite in the 3
layer of the fourth member of Upper Sinian Dengying Formation; 14-Arenaceous dolomite in the 2nd
layer of the fourth member of Upper Sinian Dengying Formation; 15-Tabular silicalite in the 1¢t layer
of the fourth member of Upper Sinian Dengying Formation; 16-Arenaceous-pelitic dolomite in the
third member of Upper Sinian Dengying Formation; 17-Algae-bearing dolomite in the second
member of Upper Sinian Dengying Formation; 18-Ore block and No.; 19-“Black/fracture zone” and
No.; 20-Rubber; 21-Fault movement direction during metallogenic epoch; 22-Fault movement
direction after metallogenic epoch.

It is found through preliminary field investigation that the “black/fracture zone” is composed of
multiple types of tectonite, but the material compositions, textures, structures, mineral assemblages,
geochemical characteristics, and the zoning rules of structure-alteration lithofacies of different types
of tectonite remain unclear. Therefore, this paper makes a systematic study on the petrography,
geochemistry, and fluid inclusions of structure-alteration lithofacies of R1 type “black/fracture zone”
which is closely related to the Daliangzi Pb-Zn deposit and ore forming by structure-alteration
lithofacies mapping method[1,2] in combination with alteration lithofacies prospecting method [21],
and discusses the lithofacies zoning rule and forming mechanism of the “black/fracture zone” of the
deposit, thus providing theoretical and practical basis for deep prospecting in the Daliangzi Pb-Zn
deposit.

2. Geological Characteristics of the Deposit

The strata exposed in the Daliangzi Pb-Zn deposit (Figure 1b) mainly include Upper Sinian
Dengying Formation (Zbd), Lower Cambrian Qiongzhusi Formation (€19), Lower Cambrian
Canglangpu Formation (€ic), and Lower Cambrian Longwangmiao Formation (€il). Dengying
Formation, the major ore-bearing horizon, can be divided into 8 members and 13 layers, of which the
fourth to the eighth members are the main ore-bearing horizons. Fault structures which develop in
the deposit can be divided into four orders [17]: first-order structures, including F1 and Fi5, NWW-
approx. EW striking, which are dextral shear-tension and tension-shear faults formed under the NW-
SE principal compressive stress in the early stage (metallogenic epoch) and sinistral shear and shear-
compression faults formed under the compressive stress in the late stage and control the distribution
of the deposit; second-order structures, a series of N-W faults derived from first-order structures (Fs,
Fs, Fe, F100, and Fs) which are dextral tension and tension-shear faults in the early stage (metallogenic
epoch) and sinistral compression and compression-shear faults in the late stage and generally control
single ore body; third and fourth-order structures are subordinated faults which control the
occurrence of veins.

The deposit consists of 1# and 2# ore bodies, of which the 2# ore body is smaller in scale and
occurs as veins [22] while the 1# ore body, with NWW strike, NE dip, and SE pitch, is the main body
of the deposit. The 1# ore body includes five blocks (Figure 1b,c), of which Block Iis located between
Fis and Fzs, with NWW strike and SW dip (locally NE dip at an angle of 62°~82°), and appears in long
strip in plane while is bead-like in section; Block II is located between F2s and Fs, with NW strike and
NE dip (locally SW dip at an angle of 58°~84°), and takes the shape of a rhombus in plane while is
columnar in section; Block III is located between Fs and Fo, with NW strike and NE dip at an angle of
56°~80°, and takes the shape of a rhombus in plane while is columnar in section; Block IV is located
between Fs and Fs, with NW strike and NE dip (locally SW dip at an angle of 60°~88°), and takes a
pod-like shape in plane while is columnar in section; and Block V is located between Fs and Fs, with
NW strike and NE dip (locally SW dip at an angle of 70°~88°), and takes the shape of a rhombus in
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plane while is columnar in section. Ore minerals are mainly sphalerite, followed by gelenite and
pyrite and supplemented by a small amount of lead and zinc oxides such as sardinianite, bonamite,
hydrozincite, and willemite, and metallic minerals like chalcopyrite and malachite. Gangue minerals
are mainly dolomite, calcite, and quartz. Ore structures mainly include massive structure, brecciated
structure, stockwork-like structure, and fine-veined structure. Ore textures mainly include granular
texture, metasomatic texture, metasomatic relict texture, exsolution texture, common-border texture
and intersertal texture. The types of wall-rock alteration are simple, mainly including carbonatization
(dolomitization and calcilization), carbonization, silicification, and pyritization.

Through field studies and laboratory identification of (polished) thin sections and based on the
symbiotic relationship, textures, structures, interpenetration, and other characteristics of minerals,
the hydrothermal mineralization epoch of the Daliangzi Pb-Zn deposit can be divided into five stages

(Figure 2):
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Figure 2. Mineral formation sequence of the Daliangzi Pb-Zn deposit.

(I) “marmatite + galena + dolomite” stage, in which sphalerite is brownish black or dark brown
and has idiomorphic- hypidiomorphic textures, galena is iron-rich, and galena and dolomite are
brecciated and cemented by late-stage sphalerite and other sulfides; (II) “sphalerite + galena + pyrite
+ dolomite” stage, the major metallogenic stage of the deposit in which sphalerite is mostly brown,
metasomatic solution texture, metasomatic relict texture, exsolution texture, and zonal texture are
common, and galena and pyrite have coarse particles; (IIl) “sphalerite + galena + dolomite +
(bitumen)” stage, in which sphalerite is light yellow, and sphalerite, galena, and dolomite occur as
veins and typically break early-stage sulfides; (IV) “chalcopyrite + pyrite + galena” stage, in which
chalcopyrite, pyrite, and galena are mostly allotriomorphic-granular; and (V) “calcite + dolomite +
quartz” stage, in which calcite, dolomite, and quartz all occur as veins and calcite vein encapsulated
by early-stage bitumen can be seen.

3. Analysis Method

(1) Based on the research content and method of structure-alteration lithofacies mapping [21], a
typical section is selected for 1: 200 structure-alteration lithofacies mapping, the distribution range of
alteration zone is determined, the altered lithofacies is zoned in details, and the tectonite and
mineralized alteration assemblage types and typical textural and structural characteristics of various
alteration lithofacies zones are analyzed by field sketching of typical geological phenomena; and the
correlation between the zoning of alteration lithofacies and the spatial distribution of ore bodies and
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that between the mineralization scale (intensity) and the zoning of structure-alteration lithofacies are
determined.

(2) To clarify the variation of physico-chemical conditions of tectonite-mineralized
alteration lithofacies zones of “black/fracture zone” of the Daliangzi Pb-Zn deposit,
sphalerite, calcite, and other minerals in the major metallogenic stage (Stage II) of the
metallogenic epoch of different tectonite-mineralized alteration lithofacies in Rl
“black/facture zone” in 1,944m level (Figure 3) are selected fro the study on fluid inclusions.
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Figure 3. Fluid inclusion sampling positions of tectonite-mineralized alteration lithofacies zones of
“black/fracture zone” in 1,944m level. 1- Complex breccia-brecciated and stockwork-like Pb-Zn
mineralization facies zone; 2- Stockwork-like Pb-Zn mineralization-simple breccia and cataclasite
facies zone; 3- Veined pyrite- sulfide-dolomitic cataclasite facies zone; 4- Fine-veined calcite-black
carbonized dolomite facies zone ; 5- Sample location and No. ; 6-Fault movement direction during
mineralization; 7-Fault movement direction after mineralization.

(3) Typical samples, 40 pieces in total, are selected from different tectonite-mineralized alteration
lithofacies zones to carry out geochemical test in China Nonferrous Metals Northwest Mineral
Geological Test Center. Of all the samples, 8 pieces are subjected to major element test by ICP-ACE,
and 36 pieces from different tectonite-mineralized alteration lithofacies zones of the profile of 17#
prospecting line in 1,944m level are subjected to trace element test by ICP-MS.

4. Analysis Results

4.1. Zoning Characteristics of Tectonite-Mineralized Alteration Lithofacies

As a special geologic body of the Daliangzi Pb-Zn deposit, “black/fracture zone” has a close
relation with ore forming [13], and its formation is under the control of the strike-slip of F1 and Fis
(Figure 1b). R1 “black/fracture zone” is distributed within the 2~15# prospecting lines in the east of
the mine on the surface and in both the west and the east of the mine below the elevation of 2,000m;
R2 “black/fracture zone” is distributed to the west of the 9% prospecting line in the west of the mine
and located above the elevation of 2,050m, which is 7m wide at its narrowest and 166m at its widest
location, and within the zone, no breccia structure has ever developed and the existing structure is
mainly cataclastic. R1 is the major ore-bearing type of “black/fracture zone”. In this paper, R1
“black/fracture zone” of 174 prospecting line in 1,944m level of the Daliangzi Pb-Zn deposit is taken
as an example for 1: 200 detailed mapping of tectonite-mineralized alteration lithofacies, and it is
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found that the tectonite-mineralized alteration lithofacies of R1 “black/fracture zone” presents an
obvious zonation.

R1 “black/fracture zone” of the 17# prospecting line in 1,944m level is located between Fex and
Fs, second-order structures of the deposit, and with Fio as the center, four types of tectonite-
mineralized alteration lithofacies have developed in succession outward from the center, i.e., @
brecciated and stockwork-like Pb-Zn mineralization-complex breccia facies zone; (2) stockwork-like
Pb-Zn mineralization-simple breccia and cataclasite facies zone; (3) veined pyrite- sulfide-dolomitic
cataclasite facies zone; and (4) fine-veined calcite-black carbonized dolomite facies zone (Table 1).
The characteristics of the facies zones are as follows:

Table 1. Characteristics of tectonite-mineralized facies belts of R1 “black/fracture zone”.

Belt No. @ @ @ @

tectonite- Brecciated and Stockwork Pb-Zn . . . . .
. . . S Veined pyrite- Fine-vein calcite-
mineralized stockwork Pb-Zn mineralization-simple . o )
. . L. . . sulfide-dolomitic black carbonized
alteration mineralization-complex breccia and cataclasite . . . .
. . . . . cataclasite facies belt dolomite facies belt
lithofacies belts breccia facies belt facies belt
. “Black zone”:
Fracture zone: complex Fracture zone: simple Fracture zone:

carbonized dolomite
(clasolite)
Sphalerite + galena + Pyrite + sphalerite +  Quartz + calcite +

Tectonite type . . . .
yp breccia breccia dolomitic cataclasite

Mineral Sphalerite + galena + . ) .
. .. quartz + dolomite and  galena + quartz+  pyrite + (sphalerite
assemblage  chalcopyrite + dolomite . ;
calcite calcite and galena)
Brecciated structure; Brecciated structure,
idiomorphic and stockwork structure, Mainly veined
hypidiomorphic granular ~ veined structure;  structure, stockwork . .
. . . Idiomorphic-
texture, corrugation hypidiomorphic- structure; . .
. . . . . . allotriomorphic
Ore fabric texture, metasomatic allotriomorphic allotriomorphic
. granular texture
relict texture, common- granular texture, granular texture, (pyrite)
border texture, poikilitic =~ metasomatic relict idiomorphic granular Py
texture, secondary texture, common- texture (calcite)
enlargement texture border texture

Visible quartz stringer Lumpy and veined Lumpy quartz or

Silicification Weak with vein width of quartz with vein . .
. metasomatic calcite
approx.. Imm width up to 5cm
Mainly dolomitization,
lumpy and veined, Mainly fine-vein and Mainly stockwork- .
- . . Mainly lumpy and
Carbonatization secondary enlargement stockwork calcite and veined and lumpy .
. . . stockwork calcite
texture of dolomite lumpy dolomite calcite
visible
Lead-zinc
Lead-zinc mineralization, mineralization, Weak lead-zinc
. L strong dolomitization, moderate silicification, mineralization, Carbonization,
Mineralization tizati itizati itizati " itizati
. ritization, copper ritization, copper ritization, stron ritization,
and alteration Py . .. PP Py . .. pp Py e . g p}.f
. mineralization mineralization calcilization, silicification, strong
characteristics . . e .
(chalcopyrite), weak (malachite), moderate calcilization
silicification dolomitization, silicification
calcilization

(1)- Brecciated and stockwork-like Pb-Zn mineralization-complex breccia facies zone (Table 1):
It takes Fioo as the center (Figure 4), and its tectonite-mineralized alteration lithofacies assemblage is
complex breccia + sphalerite + galena + chalcopyrite + dolomite. The tectonite is complex breccia, and
mineralized and complex breccia is located within Fio and at its footwall and has the ore-controlling
characteristics of an extensional structure. The complex breccia generally comprises more than 5
kinds of rubbles (Figures 4 and 5A-F), e.g., the rubles of dark gray dolomite (Figure 5A), caesious
siliceous dolomite (Figure 5A), gray dolomite (Figure 4B), off-white dolomite (Figure 5A,C), banded



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 March 2024

dolomite (Figure 4), rhyolite (Figure 5D), and tuff (Figure 5E,F), which reflect its source complexity.
In addition to the dolomite of host rocks, there is pyroclastic rock in the depth and overlying collapsed
dolomite, which is greatly different from typical fault breccia; the cement includes sphalerite, galena,
hydrothermal dolomite, carbonate breccia debris, etc. Sphalerite, which is mostly brownish black and
yellowish brown and mainly cement, is scattered or sparsely disseminated in small amount in
dolomite rubbles, and mainly has idiomorphic and hypidiomorphic granular textures (Figure 5A, C,
D). Galena has hypidiomorphic and allotriomorphic granular textures (Figure 5E,F), metasomatic
sphalerite shows metasomatic relict textures (Figure 5E), galena and chalcopyrite have common-
border textures, and metasomatic pyrite shows metasomatic relict textures (Figure 5F). Bitumen is
filled along the fractures of dolomite rubbles, covers chalcopyrite, galena, and pyrite, and shows
poikilitic textures (Figure 5G). Carbonatization is mainly dolomitization, and the dolomite in
dolomite rubbles and cement shows secondary enlargement textures (Figure 5H,I), which reflects
strong dolomitization and hydrothermal activities in these zones.

f, ):NWG60° L 86”NE

I‘uulll}m\cmcnl Fault movement f,, .(F ) :)NW40° L 68°NI
< Jassimaunine  [] ahecton sher [ ovevoy
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debris cemented with different types of dolomite rubbles : 3= Banded dolomite ; @—Zn-Pb mineralization | _ _ "~ T
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Figure 4. Profile of 17# prospecting line in 1,944m level. I- “Fracture zone”: complex breccia; II-
“Fracture zone”: simple breccia; III- “Fracture zone”: dolomitic cataclasite; IV- “Black zone”:
carbonized dolomite.
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Figure 5. Typical field photos and microphotographs of brecciated and stockwork-like Pb-Zn
mineralization-complex breccia facies zone. A- Sphalerite, galena, and carbonate breccia debris
cemented with different types of dolomite rubbles, including dark gray dolomite, caesious siliceous
dolomite, gray dolomite, and off-white dolomite; B- Sphalerite, galena, carbonolite, and carbonatite
cemented with gray dolomite and off-white dolomite rubbles; C- Sphalerite cemented with gray
dolomite rubbles, in which scattered and sparsely disseminated sphalerite can be seen; D- Carbonized
and dolomitized rhyolite rubbles (sampled from brecciated and stockwork-like Pb-Zn mineralization-
complex breccia facies zone in borehole ZK20-1); E- Perfectly round tuff rubbles; F- Sub-rounded tuff
rubbles; G- Idiomorphic and hypidiomorphic granular sphalerite; H- idiomorphic granular sphalerite
and metasomatic sphalerite showing metasomatic relict textures; I- Chalcopyrite and galena of
common-border textures, chalcopyrite and metasomatic pyrite showing metasomatic relict textures;
J- Bitumen, chalcopyrite, galena , and pyrite showing poikilitic textures; K- Secondary enlargement
textures of dolomite; L- Sucrosic coarse-grain dolomite showing nodular structure with secondary
enlargement textures. Sph- sphalerite; Gn- galena; Ccp- chalcopyrite; Py- pyrite; Bit- bitumen; Dol-
dolomite.

(2)- Stockwork-like Pb-Zn mineralization-simple breccia and cataclasite facies zone: Its tectonite-
mineralized alteration lithofacies assemblage is simple breccia + sphalerite + galena + quartz +
dolomite, mainly including gray dolomite and carbonized dolomite debris, sphalerite, and galena
cemented with dolomite rubbles (Figure 6A—C) which have stockwork-like or brecciated structure. A
small amount of veined and lumpy malachite can be seen in cement (Figure 6A,G), which is filled
along sphalerite fractures. It is the product after the metallogenic epoch, which, however, reflects
copper mineralization in the metallogenic epoch of the zone. Rubbles are angular-subangular and
can be collaged (Figure 6B,C); under hydrothermal effect, rubbles are corroded and become bay-
shaped (Figure 6B); the compositions of rubbles are consistent with those of wall rocks. Sphalerite is
mainly yellowish-brown and shows hypidiomorphic-allotriomorphic granular textures (Figure
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6D,E), and galena shows allotriomorphic granular textures and is filled along sphalerite fractures
(Figure 6F). Copper mineralization mainly involves malachite, which is associated with sphalerite,
galena, and pyrite. Silicification, significantly stronger than that of facies zone (1), mainly involves
fine-granular quartz stringer with vein width of approximately 1mm (Figure 6H). Carbonatization
mainly involves dolomite, which is lumpy and associated with sphalerite and galena (Figure 6A),
followed by calcite, which shows stockwork-like or veined structure and some of which is
metasomatized by quartz and presents metasomatic relict textures.

Figure 6. Typical field photos and microphotographs of stockwork-like Pb-Zn mineralization-simple
breccia and cataclasite facies zone. A- Sphalerite, galena, dolomite, carbonolite, and carbonatite debris
cemented with gray dolomite, showing brecciated textures, and lumpy dolomite associated with
galena and sphalerite; B- Sphalerite and galena cemented with gray dolomite, showing stockwork-
like or brecciated structure; C- Sphalerite and galena cemented with gray dolomite, showing
stockwork-like structure; D- Veined and scattered yellowish-brown sphalerite; E- Idiomorphic
granular sphalerite and pyrite scattered in dolomicrite; F- Galena filled along sphalerite fractures; G-
Veined and lumpy malachite; H- Fine-grain quartz metasomatized calcite vein, showing metasomatic
relict textures; I- Stockwork-like calcite vein. Sph- sphalerite; Gn- galena; Ccp- chalcopyrite; Py-
pyrite; Bit- bitumen; Mi- malachite; Qtz- quartz; Dol- dolomite; Cc- calcite.

(3)- Veined pyrite-sulfide-dolomitic cataclasite facies zone: Its tectonite-mineralized alteration
lithofacies assemblage is dolomitic cataclasite + pyrite + sphalerite and galena + quartz + calcite.
Rock fragments are mainly cataclasite (Figure 7A—C), with fracture density up to 3-5/20cm. Fawn-
tawny sphalerite and galena shows allotriomorphic granular textures, generally filled along fractures
(Figure 7A,B). Silicification tends to be intensified, and quartz is lumpy (Figure 7B) and veined
(Figure 7D), with the maximum vein width of approximately 5cm. Carbonatization mainly involves
calcite, which is stockwork-like, fine-veined, and lumpy (Figure 7D,E). Allotriomorphic granular
pyrite is filled along fractures of idiomorphic granular calcite lumps, or is metasomatized by galena
and shows metasomatic relict textures (Figure 7F).
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Figure 7. Typical field photos and microphotographs of veined pyrite- sulfide-dolomitic cataclasite
facies zone. A- Sphalerite and galena filled along dolomite fractures, showing stockwork-like textures;
B- Sphalerite and galena filled along dolomite fractures and veined quartz; C- Cataclastic dolomite;
D- Stockwork-like quartz and calcite; E- Lumpy calcite vein; F- Pyrite distributed along edge of
galena. Sph- sphalerite; Gn- galena; Py- pyrite; Qtz- quartz; Cc- calcite.

(#)- Fine-veined calcite-black carbonized dolomite facies zone: Located in Fs, it is controlled by
Fes and Fen. Its tectonite-mineralized alteration lithofacies assemblage is carbonized dolomite + quartz
+ calcite + pyrite + (sphalerite and galena) (Figure 8), with off-white dolomite lens interbedded at the
position close to wall rocks (Figure 8B). Sphalerite and galena are distributed sporadically, and lumpy
pyrite is scattered (Figure 8D, E) and shows idiomorphic-allotriomorphic granular textures (Figure
8E). Quartz is lumpy (Figure 8D), and silicified dolomite is formed locally (Figure 8F) owing to strong
silicification. This zone is rich in carbon, which is its most typical feature and reflects the reduction
environment.
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Figure 8. Typical field photos and microphotographs of fine-veineded calcite-black carbonized
dolomite facies zone. A- Lumpy and veined calcite in “black zone”; B- Lenticular dolomite in “black
zone” and carbonolite filled along dolomite fractures; C- Lumpy calcite in “black zone”; D- Lumpy
pyrite and quartz in “black zone”; E- Idiomorphic granular pyrite; F- Veined calcite cutting across
silicified dolomite. Py- pyrite; Qtz- quartz; Cc- calcite; C- carbonolite.

4.2. Characteristics of Fluid Inclusions
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Most inclusions are gas-liquid two-phase inclusions (Figure 9A—C), and some sphalerite contains
a small amount of pure gas and pure liquid inclusions (Figure 9A). The homogenization temperature
of gas-liquid two-phase inclusions is measured, and the salinity and the fluid density are calculated
by the Bodnor’s empirical formula (1993) and Liu Bin and Shen Kun's empirical formula (1999),
respectively[23,24].

10um

50pum

Figure 9. Microscopic characteristics of liquid inclusions of tectonite-mineralized alteration lithofacies
zones of R1 “black/facture zone”. A-Pure liquid, pure gas, and gas-liquid two-phase inclusions in
sphalerite; B- Gas-liquid two-phase inclusions in sphalerite; C- Gas-liquid two-phase inclusions in
calcite

The characteristics of liquid inclusions of various tectonite-mineralized alteration lithofacies
zones are as follows (Table 2): For Zone (1), the homogenization temperature is 177.5~267.8°C (mean
value of 225.0°C), the salinity is 8.55~14.57% NaCleqv (mean value of 12.00% NaCleqv), and the fluid
density is 0.88~0.97g/cm? (mean value of 0.93g/cm?); for Zone (2), the homogenization temperature is
146.3~288.5°C (mean value of 211.6°C), the salinity is 6.59~17.79% NaCleqv (mean value of 13.60%
NaCleqv), and the fluid density is 0.88~1.01g/cm? (mean value of 0.96g/cm?); for Zone (3), the
homogenization temperature is 168.1~221.4°C (mean value of 197.9°C), the salinity is 7.17~13.29%
NaCleqv (mean value of 11.40% NaCleqv), and the fluid density is 0.92~1.04g/cm?® (mean value of
0.95g/cm?); and for Zone (4), the homogenization temperature is 186.0~211.4°C (mean value of
200.5°C), the salinity is 9.47~12.28% NaCleqv (mean value of 10.70% NaCleqv), and the fluid density is
0.93~0.96g/cm? (mean value of 0.95g/cm?).

It can be seen that the homogenization temperature decreases from Zone (1) to Zone (4), the
salinity increases from Zone (D to Zone (2) and then decreases to Zones (3) and (), and the fluid
density has little change on the whole.

Table 2. microthermometers of fluid inclusions in each structural-mineralized altered lithofacies belt
of the R1“Black-broken belt” of the Daliangzi Pb-Zn deposit.

Sample lithofacies tmineralization Gas-liquid homogenizationHomogeneous Freezing salinity

Size(um) Type Minerals o(g/cm?)

Belt No  belt No stage ratio(%) temperature(°C) phase Point(°C)%NaCleqv
DLZr-541 I 8~11 L-V 15~20 177.5~267.8 L -5.5~-8.9 81255: Sp  0.88~0.98
® 75~- 111~
DLZr-534 I 8~15 L-v 10~16 197.6~263.1 L 106 1457 Sp 0.91~0.97
Average 225 12.00 0.93
DLZr-204 I 11~15 L-V 10~15 146.3~225.0 L Al 659 Cc  0.97~1.00
’ ’ 11.2 15.96 ' ’
-7.8~- 1146~
DLZr-206 ® Il 7~10  L-V 10~25 177.0~288.5 L 132 17.08 Sp  0.88~1.01
DLZr-539 II 13~17 L-V 10~25 198.5~273.4 L -8.6~-14 15733; Sp  0.92~0.97
Average 211.6 13.6 0.96
DLZr-536 1 7~15  L-V 10~20 168.1~210.3 L 66— 9.9~ C 0.94~1.01
g ' : 105 1446 A
® 717~
DLZr-537 II 7~15 L-V 13~17 197.8~221.4 L -45~-9.4 13.29 Sp  0.92~0.95
Average 197.9 11.40 0.95
DLZr-46-1 ® 11 7~13 L-V 10~20 186.0~211.4 L -6.1~-85 91;72; Cc  0.93~0.96

Average 200.5 10.70 0.95
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4.3. Geochemical Characteristics

4.3.1. Major Element Characteristics

Through comparative study on the major elements of tectonite of various tectonite-mineralized
alteration lithofacies zones, it is found that the SiO: and Al:Os contents and the CaO/MgO mole ratio
tend to increase with the gradual weakening of mineralization from Zone (1) to Zone (4) while the
CaO and MgO contents tend to decrease. The SiO: content is the lowest in Zone (1), and the quartz
content increases gradually from Zone (1) to Zone (4) (Table 3). Both the CaO and the MgO contents
tend to decrease from Zone (1) to Zone (4), indicating that the migration of Ca?* and Mg?*ions occurs
in tectonite-mineralized alteration lithofacies zones under the hydrothermal effect, while the
Ca0O/MgO mole ratio tends to increase with the drift away from the center of ore body, indicating
that with the migration and precipitation of ore-forming fluid, Mg?  ions are gradually consumed and
the ratio of Ca?* gradually increases in the fluid. Strong dolomitization occurs in Zone (1) while
calcilization dominates in Zone (4) (Table 3), which is consistent with the study results of the
tectonite-mineralized alteration lithofacies profiles.
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Table 3. The main elements (wt%) of each structural rock-mineralized altered lithofacies belt in the R1 type““black/fracture zone”” of the Daliangzi Pb-Zn deposit.
Tectonite-
mineralized . . . .
Sample No Rock name alteration SiO2 AlOs TFe:0s FeO MgO CaO Na:O K:0 TiO: MnO P:0s LOI CaO+MgO CaO/MgO Sampling location
lithofacies belts

DLZc-29 Cataclastic dolomite @® 8.09 019 123 0.77 20.59 28.69 0.086 0.027 0.015 0.044 0.079 40.27  49.28 1.00 the profile of 17# prospecting line in 1,944m level
DLZcg09  Cray-black, tawny ©) 2341 155 359 042 1541 2255 0046 026 0056 0.041 031 326  37.96 1.05 the profile of 16# prospecting line in 1,944m level

Cataclastic dolomite

Gray-black, and
DLZc617  tawny Cataclastic @ 6693 4.64 227 103 426 849 01 144 024 0.028 05 1095 12.75 1.42 the profile of 16# prospecting line in 1,944m level

dolomite

DLZc-40 Gray'svsgfnsii:“fwd ® 2088 027 145 045 154 2117 0078 0.047 0011 0.069 006 3095 3657 0.98 the profile of 174 prospecting line in 1,944m level
DLZc-42 Gray':ivsgfni:“ﬁm ® 636 047 105 09 7.64 1103 0077 01 0026 0039 0031 1531  18.67 1.03 the profile of 174 prospecting line in 1,944m level
DLZc-43  Gray-white dolomite ® 11.02 018 169 032 19.25 2719 0.079 0.034 0.011 0.042 0.1 39.73 46.44 1.01 the profile of 17# prospecting line in 1,944m level
DLZeqy ~ Cray-white fine- ® 1403 016 027 026 19.83 2744 0068 0.023 0007 0027 0054 37.7  47.27 0.99 the profile of 17# prospecting line in 1,944m level

grained dolomite
DLZc-49 Carbo;‘ggdm::“ﬁed @ 7467 813 306 077 231 299 01 27 046 0038 028 461 5.3 0.92 the profile of 17# prospecting line in 1,944m level

Black carbonized
DLZc500-1  dolomite crushed ® 56.1 1149 253 0.71 496 10.52 0.053 23 027 0.034 059 11.04 15.48 1.51 the profile of 0# prospecting line in 1,944m level

siltstone
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4.3.2. Trace Element Characteristics

The study on trace elements (Table 4, Figure 2, 4 and 10) shows that the contents of Zn, Ge, Ga,
Cd, and Ag decrease from tectonite-mineralized alteration lithofacies zones @ to @ Zn, Pb, and Cu
are more enriched in Zones (1) and (2) than in (3) and (4); Ge, Ga, Cd, and Ag are mainly enriched in
Zones (D) and (2), and when the exceptional value of Ag content (83.9ppm) in Zone (3), which makes
the mean value of Ag content in Zone (3) slightly higher than that in Zone (2), is ignored, the Ag
content in Zone (2) (mean value of 10.83) is obviously higher than that in Zone (3) (mean value of
2.51). The ratio of Zn/Pb can reflect the migration direction of ore-forming fluid [25]. Zn/Pb ratio in
Zone @ is obviously higher than that in Zones @, @, and @ (Figure 10), indicating that the center
of ore-forming fluid is in Zone (1). Both the change rule of the content of a single element and that of
the ratio of elements reflect that hydrothermal fluid is likely to be originated from Zone (1), and
migrates to Zones ), (3), and (@) in succession.
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Table 4. Analysis Table of trace and rare earth elements (ppm) in each structural rock-mineralized altered lithofacies belt of the R1 type“Black-broken belt” of the Daliangzi Pb-Zn

deposit.

Sample Rock name lithofacies belt Cu Zn Pb Zn/Pb Ga Ge Ag Cd La Ce Pr Nd

Belt No No

DLZc-29 Cataclastic ® 1526 2664 431 618 112 168 293 453 105 141 096 232
dolomite

DLze32  Cray-white ©) 30920 207080 1592 809.51 11.03 2680 2862 147520 556 848 184 597
silicified dolomite
Dark gray-grayish

DLZc-33  white Cataclastic ©) 817 289500 14279 2027 158 266  57.8 1698 295 461 152 3.87
dolomite

DLZc-34 Fine-vein - ® 276 83800 1225 6841 619 131 102 399 402 605 124 385
brecciated

DLZc35  Gray dolomite ©) 243 133700 8675 1541 868 146 274 1045 122 188 082 236
The dolomite is

DLZc-23  layered, reticulated, ©) 113 104900 8875 1182 537 716 188 674 086 137 054 081
and veined

DLZc24  Muddy Dolomite ® 587 20625 5036 410 288 238 628 100 154 228 042 115
Muddy cement

DLZc-26 dolomitic @ 587 29980 2509 1195 234 13 3.69 99.6 268 483 089 23
cataclasite

DLZc-27 dolomitic @ 3940 77300 17677 437 648 415 162 526 104 153 106 201
cataclasite

DLZc-38  Gray dolomite ® 297 129600 8654 1498 129 888 183 768 083 161 11 081

DLZc-40 Gray-white @ 103 1177 438 269 082 08 173 14.1 094 123 089 145
dolomite

DLZe-15 ~ Cray-white fine- ® 25.1 479 202 237 063 015 156 606 146 223 069 168
vein  dolomite

DLZc16  Cray-white ® 90.3 520 464 112 049 03 265 12.5 124 206 051 126
silicified dolomite

DLZc1y  Cray-white fine- ® 104 333 82.3 405 058 014 021 5.65 077 107 043 099

vein dolomite
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Gray-white fine-

DLZc-19 ) ) ® 435 34225 323 10596 521 429 417 287 09 106 072 065
vein dolomite
DLZc-20  Muddy Dolomite ® 227 57700 98800 058 119 489 839 90.3 136 137 03 084
DLZeqz ~ Cray-white ® 26.6 859 255 337 083 061 028 6.58 209 458 177 3.1
silicified dolomite
DLZc-43 Gray-white ® 146 808 924 087 048 035 239 11.9 117 182 226 218
dolomite
DLZc-45 Gray&gi‘ieifray ® 3417 525567 238800 351 210 083 628 2663 559 1012 228  7.63
DLZc-46  Black dolomite @ 71.9 5974 16332 037 591 105 9.12 333 155 229 377 956
DLZc-49  Black dolomite @ 6925  2301.00 148550 158 794 127 245 1460 1980 3475 288 1052
DLze.sp — oray-black fine- @® 136 721 359 201 078 031 086 8.48 226 425 105 342
vein  dolomite
Gray-whit
DLZc-51 oy wWine @ 2435  645.50 197.00 320 042 027 066 6.25 299 498 123 3.60
silicified dolomite
Gray-white
DLZc-52  silicified dolomite @ 411 514 416 124 042 016 172 12 264 444 098 23
, quartz

Table 4. Analysis Table of trace and rare earth elements (ppm) in each structural rock-mineralized altered lithofacies belt of the R1 type”“Black-broken belt” of the Daliangzi Pb-Zn

deposit.

Sample lithofacies

Belt No Rock name belt No Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
DLZc-29 Cataclastic dolomite ©) 0.44 0.15 0.47 0.065 0.33 0.063 0.16 0.023 0.13 0.02 1.12
DLZc-32 Gray-white silicified dolomite ©) 1.26 0.51 1.38 0.20 0.99 0.20 0.57 0.07 0.40 0.08 6.35
DLZc-33 Dark gray-grayish white Cataclastic dolomite ©) 0.89 0.76 0.98 0.14 0.74 0.16 0.44 0.098 0.74 0.17 3.92
DLZc-34 Fine-vein - brecciated ©) 0.79 0.64 0.92 0.13 0.71 0.15 0.41 0.067 0.43 0.09 5.94
DLZc-35 Gray dolomite ©) 0.48 0.47 0.63 0.089 0.34 0.087 0.24 0.042 0.34 0.10 1.43
DLZcp3  1hedolomiteis lavifrrzj reticulated, and @ 012 0061 018 002 013 0027 0074 0012 0075 001 087
DLZc-24 Muddy Dolomite ©) 0.25 0.22 0.31 0.071 0.42 0.078 0.21 0.034 0.22 0.04 1.36
DLZc-26 Muddy cement dolomitic cataclasite ) 0.44 0.29 0.53 0.084 0.46 0.087 0.23 0.038 0.25 0.06 1.19
DLZc-27 dolomitic cataclasite 2 0.42 0.36 0.64 0.1 0.56 0.11 0.27 0.045 0.31 0.08 1.12
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DLZc-38 Gray dolomite @ 013  0.29 0.29 0.034 0.15 0.043 0.093 0.02 0.1 0.02 1.10
DLZc-40 Gray-white dolomite @ 028 0.22 0.39 0.058 0.34 0.078 0.18 0.031 0.2 0.04 1.05
DLZc-15 Gray-white fine-vein  dolomite ©) 034 018 0.43 0.087 0.5 0.098 0.33 0.036 0.22 0.04 1.70
DLZc-16 Gray-white silicified dolomite ® 028 0.25 0.4 0.078 0.44 0.081 0.2 0.031 0.19 0.03 1.26
DLZc-17 Gray-white fine-vein  dolomite ©) 023 021 0.3 0.06 0.34 0.064 0.16 0.024 0.16 0.03 0.74
DLZc-19 Gray-white silicified dolomite ©) 0.071  0.028 0.12 0.015 0.069 0.018 0.05 0.009 0.04 0.01 0.66
DLZc-20 Muddy Dolomite ©) 018  0.19 0.2 0.029 0.17 0.034 0.1 0.017 0.1 0.02 1.16
DLZc-42 Gray-white silicified dolomite ©) 0.61 0.22 0.75 0.11 0.65 0.15 0.43 0.099 0.69 0.13 0.91
DLZc-43 Gray-white dolomite ©) 038 021 0.63 0.075 0.41 0.084 0.22 0.039 0.21 0.04 1.41
DLZc-45 Gray-white dolomite ©) 165 057 1.61 0.25 1.26 0.25 0.63 0.11 0.66 0.12 6.10
DLZc-46 Black dolomite @ 173  0.63 191 0.28 145 0.32 0.88 0.16 0.93 0.18 9.52
DLZc-49 Black dolomite @ 279 091 2.74 0.40 2.05 0.39 1.05 0.17 0.99 017 1295
DLZc-50 Gray-black fine-vein  dolomite @ 076 0.24 0.77 0.12 0.59 0.11 0.29 0.041 0.23 0.04 4.05
DLZc-51 Gray-white silicified dolomite @ 0.76 0.34 0.79 0.13 0.70 0.12 0.33 0.05 0.26 0.06 4.55
DLZc-52  Gray-white silicified dolomite, quartz O) 0.5 0.17 0.58 0.08 0.45 0.092 0.25 0.038 0.2 0.03 3.36

Table 4. Analysis Table of trace and rare earth elements (ppm) in each structural rock-mineralized altered lithofacies belt of the R1 type“Black-broken belt” of the Daliangzi Pb-Zn

deposit.
Sample lithofacies
K z P Zn/P A L P
Belt No Rock name belt No Cu n b n/Pb Ga Ge g Cd a Ce r Nd
DLZc-29 Cataclastic dolomite ® 1526 2664 431 618 112 168 293 453 105 141 096 232
DLZc-32  Gray-white silicified dolomite @ 30920 207080 1592  809.51 11.03 2680 28.62 147520 556 848 184 597
DLZc33 DK gray—grzyéfilnxi\iltlzte Cataclastic 4 817 289500 14279 2027 158 266 578 1698 295 461 152 387
DLZc-34 Fine-vein - brecciated @ 276 83800 1225 6841 619 131 102 399 402 605 124 3.85
DLZc-35 Gray dolomite @ 243 133700 8675 1541 868 146 274 1045 122 188 082 2.36
DLZc23 L hedolomiteis layered, reticulated, 5, 113 104900 8875 1182 537 716 188 674 086 137 054 081
and veined

DLZc-24 Muddy Dolomite @ 587 20625 5036 410  2.88 238 628 100 154 228 042 115
DLZc-26 Muddy cement dolomitic cataclasite @ 587 29980 2509 11.95 2.34 1.3 3.69 99.6 268 483 089 23
DLZc-27 dolomitic cataclasite @ 3940 77300 17677 437 648 415 162 526 104 153 106 201
DLZc-38 Gray dolomite @ 297 129600 8654 1498 129 888 183 768 083 161 11 081
DLZc-40 Gray-white dolomite @ 103 1177 438 260 08 08 173 141 094 123 089 145
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DLZc-15
DLZc-16
DLZc-17
DLZc-19
DLZc-20
DLZc-42
DLZc-43
DLZc-45
DLZc-46
DLZc-49
DLZc-50
DLZc-51

DLZc-52

Gray-white fine-vein ~ dolomite
Gray-white silicified dolomite
Gray-white fine-vein
Gray-white silicified dolomite
Muddy Dolomite
Gray-white silicified dolomite
Gray-white dolomite
Gray-white dolomite
Black dolomite
Black dolomite
Gray-black fine-vein  dolomite
Gray-white silicified dolomite
Gray-white silicified dolomite,

quartz

dolomite

® PEOEEOOEEWEOE

25.1
90.3
10.4
435
227
26.6
146
34.17
71.9
69.25
43.6
24.35

41.1

479
520
333
34225
57700
859
808

5255.67

5974

2301.00

721

645.50

514

202
464
82.3
323
98800
255
924
2388.00
16332
1485.50
359
197.00

416

237
1.12
4.05
105.96
0.58
3.37
0.87
3.51
0.37
1.58
2.01
3.20

1.24

0.63
0.49
0.58
5.21
1.19
0.83
0.48
2.10
591
7.94
0.78
0.42

0.42

0.15
0.3
0.14
4.29
4.89
0.61
0.35
0.83
1.05
1.27
0.31
0.27

0.16

1.56
2.65
0.21
4.17
83.9
0.28
2.39
6.28
9.12
245
0.86
0.66

1.72

6.06 1.46
12.5 1.24
5.65 0.77
287 0.9
90.3 1.36
6.58 2.09
11.9 1.17
26.63 5.59
33.3 15.5
14.60 19.80
8.48 2.26
6.25 2.99
12 2.64

223
2.06
1.07
1.06
1.37
4.58
1.82
10.12
229
34.75
425
4.98

4.44

0.69
0.51
0.43
0.72
0.3
1.77
2.26
2.28
3.77
2.88
1.05
1.23

0.98

1.68
1.26
0.99
0.65
0.84
3.1
2.18
7.63
9.56
10.52
3.42
3.60

2.3

Table 4. Analysis Table of trace and rare earth elements (ppm) in each structural rock-mineralized altered lithofacies belt of the R1 type”“Black-broken belt” of the Daliangzi Pb-Zn

deposit.

Sample lithofacies

Belt No Rock name belt No Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
DLZc-29 Cataclastic dolomite ® 0.44 0.15 0.47 0.065 0.33 0.063 0.16 0.023 0.13 0.02 1.12
DLZc-32 Gray-white silicified dolomite ©) 1.26 0.51 1.38 0.20 0.99 0.20 0.57 0.07 0.40 0.08 6.35
DLzc3s DY gray'gr?’;f:n‘fi’thelte Cataclastic g 089 076 098 014 074 0.16 044 0098 074 017 392
DLZc-34 Fine-vein - brecciated @ 0.79 0.64 0.92 0.13 0.71 0.15 0.41 0.067 0.43 0.09 5.94
DLZc-35 Gray dolomite ® 0.48 0.47 0.63 0.089 0.34 0.087 0.24 0.042 0.34 0.10 1.43
DLZcp3  hedolomiteis layered, reticulated, 4, 012 0061 018 002 013 0027 0074 0012 0075 001 087

and veined

DLZc-24 Muddy Dolomite ) 0.25 0.22 0.31 0.071 0.42 0.078 0.21 0.034 0.22 0.04 1.36
DLZc-26  Muddy cement dolomitic cataclasite ) 0.44 0.29 0.53 0.084 0.46 0.087 0.23 0.038 0.25 0.06 1.19
DLZc-27 dolomitic cataclasite ) 0.42 0.36 0.64 0.1 0.56 0.11 0.27 0.045 0.31 0.08 1.12
DLZc-38 Gray dolomite ©) 0.13 0.29 0.29 0.034 0.15 0.043 0.093 0.02 0.1 0.02 1.10
DLZc-40 Gray-white dolomite @) 0.28 0.22 0.39 0.058 0.34 0.078 0.18 0.031 0.2 0.04 1.05
DLZc-15 Gray-white fine-vein  dolomite ® 0.34 0.18 0.43 0.087 0.5 0.098 0.33 0.036 0.22 0.04 1.70
DLZc-16 Gray-white silicified dolomite ® 0.28 0.25 0.4 0.078 0.44 0.081 0.2 0.031 0.19 0.03 1.26
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DLZc-17 Gray-white fine-vein ~ dolomite ® 0.23 0.21 0.3 0.06 0.34 0.064 0.16 0.024 0.16 0.03 0.74
DLZc-19 Gray-white silicified dolomite ® 0071 0028 012 0015 0069 0018 005 0009 004 001 066
DLZc-20 Muddy Dolomite ® 018  0.19 0.2 0029 017 0.034 0.1 0017 01 002 116
DLZc-42 Gray-white silicified dolomite ® 0.61 0.22 0.75 0.11 0.65 0.15 0.43 0.099 0.69 0.13 091
DLZc-43 Gray-white dolomite ® 038 021 063 0075 041 0.084 022 0039 021 004 141
DLZc-45 Gray-white dolomite ® 165 057 16l 0.25 1.26 0.25 0.63 011 066 012 610
DLZc-46 Black dolomite @ 173 063 191 0.28 145 0.32 0.88 016 093 018 952
DLZc-49 Black dolomite @ 279 091 274 040 205 0.39 1.05 017 099 017 1295
DLZc-50  Gray-black fine-vein  dolomite @ 076 024 077 012 0.59 0.11 029 0041 023 004 405
DLZc-51 Gray-white silicified dolomite @ 076 034 079 0.13 0.70 0.12 0.33 005 026 006 455
DLZc-52 Gray-white silicified @ 05 017 058 0.08 0.45 0.092 025 0038 02 003 336

dolomite, quartz

Table 4. characteristic values of rare earth elements in structural rocks and mineralized altered lithofacies zones of R1“Black-broken belt” in Daliangzi Pb-Zn deposit.

Sample Rock name lithofacies belt 5 ppp LREE/HREE La/SmN Gd/YbN 5Eu 5Ce
Belt No No

DLZc-29 Cataclastic dolomite @) 7.59 2.66 1.50 2.92 1.00 0.31
DLZc-32 Gray-white silicified dolomite ® 27.52 2.30 2.79 2.78 1.19 0.63
DLZc-33 Dark gray-grayish white Cataclastic ® 18.07 1.98 2.08 1.07 2.48 0.52

dolomite
DLZc-34 Fine-vein - brecciated @ 19.49 1.88 3.20 1.73 2.29 0.65
DLZc-35 Gray dolomite ® 9.10 2.19 1.60 1.50 2.61 0.44
DLZc-23 The dolomite Is layered, reticulated, @ 429 2.68 451 1.94 127 0.47
and veined

DLZc-24 Muddy Dolomite ) 7.24 2.14 3.87 1.14 241 0.67
DLZc-26 Muddy cement dolomitic cataclasite ) 13.17 3.90 3.83 1.71 1.83 0.75
DLZc-27 dolomitic cataclasite ©) 8.53 1.99 1.56 1.67 2.12 0.31
DLZc-38 Gray dolomite ) 5.52 2.58 4.02 2.34 4.42 0.34
DLZc-40 Gray-white dolomite ) 6.33 211 2.11 1.57 2.04 0.29
DLZc-15 Gray-white fine-vein ~ dolomite ® 8.32 1.92 2.70 1.58 1.44 0.53
DLZc-16 Gray-white silicified dolomite ® 7.05 2.06 2.79 1.70 2.28 0.62
DLZc-17 Gray-white fine-vein ~ dolomite ® 4.83 1.97 211 1.51 2.44 0.44
DLZc-19 Gray-white silicified dolomite ® 3.76 3.45 797 242 0.92 0.30
DLZc-20 Muddy Dolomite ©) 4.91 2.32 4.75 1.61 3.05 0.50
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DLZc-42 Gray-white silicified dolomite ® 15.38 3.16 2.16 0.88 0.99 0.53
DLZc-43 Gray-white dolomite ©) 9.73 2.57 1.94 2.42 1.30 0.20
DLZc-45 Gray-white dolomite ©) 32.72 2.54 2.13 1.96 1.06 0.68
DLZc-46 Black dolomite ® 60.20 3.46 5.64 1.66 1.06 0.70
DLZc-49 Black dolomite ® 79.56 343 447 2.24 0.99 0.98
DLZc-50 Gray-black fine-vein  dolomite @ 14.17 1.92 1.87 2.70 0.95 0.66
DLZc-51 Gray-white silicified dolomite ® 16.29 1.99 2.49 2.48 1.32 0.63
DLZc-52 Gray-white silicified 0) 12.75 217 3.32 234 0.96 0.66

dolomite, quartz
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Figure 10. Box diagrams of trace elements in different tectonite-mineralized alteration lithofacies
zones of R1 “black/fracture zone”. (1)- Complex breccia-brecciated and stockwork-like Pb-Zn
mineralization facies zone; @— Stockwork-like Pb-Zn mineralization-simple breccia and cataclasite
facies zone; (3)- Veined pyrite- sulfide-dolomitic cataclasite facies zone; (4)- Fine-veined calcite-black
carbonized dolomite facies zone.

4.3.3. Rare Earth Element (REE) Characteristics

Brecciated and stockwork-like Pb-Zn mineralization-complex breccia facies zone ((1) (Figures
9A and 10A, Table 4): total REE content ().REE) of 7.59~27.52 (mean value of 16.35), low dip towards
the right, LREE/HREE of 1.98~2.66 (mean value of 2.20), Eu showing positive anomaly
(0Eu=1.00~2.61, mean value of 1.91), Ce showing negative anomaly (0Ce=0.31~0.65, mean value of
0.51); stockwork-like Pb-Zn mineralization-simple breccia and cataclasite facies zone ((2)) (Figures 9B
and 10B, Table 4): total REE content (3 REE) of 4.92~13.17 (mean value of 7.51), low dip towards the
right, LREE/HREE of 1.99~3.90 (mean value of 2.57), Eu showing positive anomaly (dEu=1.27~4.42,
mean value of 2.35), Ce showing negative anomaly (0Ce=0.31~0.75, mean value of 0.47); veined
pyrite- sulfide-dolomitic cataclasite facies zone ((3)) (Figures 9C and 10C, Table 4): total REE content
(REE) of 3.76~15.38 (mean value of 10.84), low dip towards the right, LREE/HREE of 1.92~3.16 (mean
value of 2.50), Eu showing positive anomaly (0Eu=0.92~3.05, mean value of 1.69), Ce showing
negative anomaly (0Ce=0.20~0.68, mean value of 0.48); fine-veined calcite-black carbonized dolomite
facies zone ((4)) (Figures 9D and 10D, Table 4): total REE content (}REE) of 12.75~79.56 (mean value
of 36.59), LREE/HREE of 1.92~3.46 (mean value of 2.60), Eu showing weak negative anomaly-positive
anomaly (0Eu=0.95~1.32, mean value of 1.06), Ce showing negative anomaly (0Ce=0.63~0.98, mean
value of 0.73).
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5. Discussion

5.1. Element Characteristics and Significance of Tectonite-Mineralized Alteration Lithofacies Zones

Studies indicate that Zn, Pb, Cu, Ga, Ge, Cd, Ag, and other metallogenic elements show obvious
immigration in various tectonite-mineralized alteration lithofacies zones. The contents of Zn, Pb, Cu,
Ga, Ge, Cd, Ag, and other metallogenic elements are obviously higher in Zones (1) and (2) than in
Zones (3) and (4), and the Zn/Pb ratio decreases gradually from Zone (1) to Zone (4), which reflects
the migration of ore-forming fluid from Zone (1) to Zone (4).

The total REE content (3 REE) in various tectonite-mineralized alteration lithofacies zones of R1
“black/fracture zone” is higher than that in host rocks (0.92~10.64ppm, mean value of 2.82ppm) [26],
but it is impossible for a carbonate formation to leach out REE-rich ore-forming fluid [27], which
indicates that REEs are provided by REE-rich ore-forming fluid in addition to host rocks. With similar
ionic radius, Y has similar geochemical behavior with REE and Sm [28-30], so the variation trend of
Y, REE, and Sm can be utilized to distinguish ore-forming fluids from different sources[26,31]. In the
Y-YREE and Y-Sm diagrams (Figure 13), the data projections of tectonite in different tectonite-
mineralized alteration lithofacies zones have a good linear relation with those of Sinian Dengying
Formation dolomite, basal Huili Group, and overlying Cambrian Qiongzhusi Formation clasolite,
and the correlation coefficients are 0.86 and 0.90, respectively, reflecting that they are closely related
in genesis and have a certain clustering tendency, where complex breccia-brecciated and stockwork-
like Pb-Zn mineralization facies zone ((1)) and fine-veined calcite-black carbonized dolomite facies
zone ((4)) are close to the distribution range of basement strata and overlying Cambrian strata while
stockwork-like Pb-Zn mineralization-simple breccia and cataclasite facies zone ((2)) and veined
pyrite- sulfide-dolomitic cataclasite facies zone ((3)) are close to that of Sinian Dengying Formation
strata of host rocks. Studies on S, Pb, Sr, Zn, and other isotopes [26,32]show that metallogenic
materials of the deposit, which have the characteristics of a crust source type, mainly come from
basement strata, Sinian Dengying Formation, and overlying strata. Therefore, ore-forming fluid may
have run through REE-rich basal Huili Group and overlying Cambrian Qiongzhusi Formation strata
and extracted metallogenic materials. The REE pattern and the LREE/HREE ratio can be used to
discuss hydrothermal source and hydrothermal evolution [31]. The LREE/HREE ratio increases
gradually from Zone (1) to Zone (4) (Figure 11), indicating out-migration of ore-forming fluid from
Zone (1), relative LREE enrichment, and gradually enhanced fractional distillation.
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Figure 11. Chondrite distribution modes of rare earth elements in different tectonite-mineralized
alteration lithofacies zones of R1 “black/fracture zone”. A- Complex breccia-brecciated and
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veined calcite-black carbonized dolomite facies zone.
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Figure 12. Box diagrams of rare earth elements in different tectonite-mineralized alteration lithofacies
zones of R1 “black/fracture zone”. (1)- Complex breccia-brecciated and stockwork-like Pb-Zn
mineralization facies zone; (2)- Stockwork-like Pb-Zn mineralization-simple breccia and cataclasite

facies zone; @— Veined pyrite- sulfide-dolomitic cataclasite facies zone; @- Fine-veined calcite-black

carbonized dolomite facies zone.
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Sensitive to redox environment, Eu and Ce are often used to reflect the environment of deposit
formation. Sverjensky (1984) and Bau (1992) find through study that temperature plays an important
role in anomaly of Eu: when temperature is high enough (generally above 250°C), Eu* in fluid is apt
to be reduced to Eu* which is easier to replace Ca*, leading to positive anomaly of Eu in carbonate
minerals; when temperature falls (generally below 250°C), Eu®* dominates in fluid, leading to
negative anomaly of Eu [28,35]. At a moderate temperature and in moderate reduction conditions,

both Eu?* and Eu®* occupy a considerable proportion in fluid, so that positive anomaly, no anomaly,



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 March 2024 d0i:10.20944/preprints202403.1275.v1

25

and negative anomaly of Eu all appear in the formed minerals [36-39]. Through study on REE
characteristics of submarine high-temperature hydrothermal system, Ding et al. (2000) find obvious
positive Eu anomaly in the system[40]. Eu anomaly may be affected by either metallogenic
hydrothermal fluid or compositions of tectonite [41]. Various tectonite-mineralized alteration
lithofacies zones of R1 “black/fracture zone” mainly comprise carbonatite of Sinian Dengying
Formation which is characterized by negative Eu anomaly [26], but different degrees of positive Eu
anomaly occurs in these zones, apparently indicating that positive Eu anomaly in these zones are
mainly affected by ore-forming fluid. Strong positive Eu anomaly occurs in all Zones (1), (2), and (3),
and the positive Eu anomaly in Zones (1) and (2) (1.93 after anomaly value of 4.42 deducted) is higher
than that in Zone (3) while weak positive and negative anomalies occur in Zone (4), reflecting the
existence of high-temperature ore-forming fluid participating in ore forming. From Zone (1) to Zone
(), temperature falls from medium-high to medium-low temperature, which agrees with the results
of temperature measurement of fluid inclusions. Ce anomaly is affected by redox conditions, and
with high oxygen fugacity, Ce® in solution is apt to be oxidized to Ce*, leading to negative Ce
anomaly in minerals precipitating from metallogenic hydrothermal fluid. The dCe values of Zones
(D, @, and (3) are close, lower than that of Dengying Formation dolomite of host rocks (mean value
of 0.78) [26], while the value of Zone (4) (mean value of 0.73) is close to that of Dengying Formation
dolomite of host rocks (mean value of 0.78) [26], reflecting the existence of oxidizing fluid
participating in ore forming.

To sum up, Zones (1) and (2) are where enriched precipitation of metallogenic elements occurs,
and Zone (1) is the mineralization center. Ore-forming fluid flows through REE-rich basement strata
and overlying Cambrian Qiongzhusi Formation and migrates from Zone (1) to Zone (4), with
gradually stronger fractionation of REE and gradually lower metallogenic temperature, reflecting the
existence of oxidizing fluid participating in ore forming.

5.2. Zoning Mechanism of Tectonite-Mineralized Alteration Lithofacies

The Daliangzi Pb-Zn deposit is located between the Puduhe fault and the Xiaojiang fault, and a
widely-distributed intracontinental strike-slip structure system with obvious zoning and diversity
has been formed in the Sichuan-Yunnan-Guizhou Pb-Zn mineralization concentrated area under the
collision of Indo-China Block and Yangtze Plate during the Indo-Chinese Epoch [10]; sinistral strike-
slip movement of approx. SN striking Anninghe, Puduhe, and Xiaojiang deep major faults occurs
under the uniform action of NW-SE structural stress fields [10]; and dextral strike-slip occurs to the
NWW-approx. EW striking F1 and Fis faults of the deposit which present dextral shear-tension and
tension-shear, and the derived dextral tension-shear secondary faults Fs, Fo, Fe, and Fs, second-order
folds, interlayer faults, and other assemblages (Figure 14A,B) control the single ore body (Figure 14).

Studies show that outward from the mineralization center (ore shoot) are brecciated and
stockwork-like Pb-Zn mineralization-complex breccia facies zone (D), stockwork-like Pb-Zn
mineralization-simple breccia and cataclasite facies zone ((2), veined pyrite- sulfide-dolomitic
cataclasite facies zone ((3)), Fes, fine-veined calcite-black carbonized dolomite facies zone ((4)), and
Fen, successively (Figures 4 and14A). Controlled by Fio (Fs) of second-order structure of the deposit,
Zone (D) is the center of hydrothermal activity where complex breccia and shoot are often formed
(Figure 14A,B); complex breccia comprises fault and hydrothermal-origin rubbles, mainly including
overlying collapsed rubbles, rubbles formed from hydrothermal corrosion, rubbles of wall rocks, and
deep-source rubbles, some of which, with good roundness, have the characteristics of rheonorphic
breccia [42] and are the evidence for diapirism (cryptoexplosion). Zone (2) is controlled by the
subordinate structure derived from the second-order structure of the deposit, and the rubbles here
are mainly wall rock rubbles with little migration; mineralization here is weaker than that in Zone
(©; stockwork-like and veined structures dominate the zone. In Zone (3), pyritization and
calcilization dominate and ore bodies are filled in brecciated or stockwork-like form. In Zone (4),
calcilization, pyritization, silicification, and carbonization are significantly enhanced. In Zone (1),
dolomitization is the strongest while silicification is relatively weak. The homogenization
temperature of ore-forming fluid decreases from Zone (1) to Zone (4). From the perspective of the
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entire deposit, fine-veined calcite-black carbonized dolomite facies zone ((4)) controls the type and
grade of ores; in the west of Zone (4) is ore block V with relatively low grade dominated by brecciated,
stockwork-like, and veined ores while in the east are ore blocks IIlI, II, and I with higher grade
dominated by lumpy, brecciated, and stockwork-like ores [43]. Therefore, Zones (D), @), and (3) are
the main places where ore body occurs while Zone (4) acts as a partition layer and plays a role in the
reduction of S.
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Figure 14. A- Structural sketch of tectonite-mineralized alteration lithofacies zones in 1,944m level of
the Daliangzi Pb-Zn deposit; B- Zoning pattern of tectonite-mineralized alteration lithofacies zones of
the Daliangzi Pb-Zn deposit (modified based on the studies of [11,17]). A: 1- Ore body and No.; 2- Ore
shoot and No.; 3- Presumed ore shoot; 4- Fault movement direction during metallogenic epoch; 5-
Fault movement direction after metallogenic epoch; 6- Strata and code; 7- Prospecting line No.; 8-
Tectonite-mineralized alteration lithofacies zone and No.; 9- Anticline. B: 1- Cambrian Qiongzhusi
Formation; 2- Sinian Dengying Formation; 3- Sinian Chengjiang Formation; 4- Huili Goup; 5-
Migration direction of deep-source fluid; 6- Reducing fluid; 7- Boundary of parallel /angular
unconformity contact; 8- Fault and No.; 9- Fault movement direction in metallogenic epoch; 10-
Movement direction after metallogenic epoch; 11- (1)- Complex breccia-brecciated and stockwork-
like Pb-Zn mineralization facies zone; 12- @- Stockwork-like Pb-Zn mineralization-simple breccia
and cataclasite facies zone; 13- @— Veined pyrite- sulfide-dolomitic cataclasite facies zone; 14- @-
Fine-veined calcite-black carbonized dolomite facies zone; 15- Deep-source ore-forming fluid. Note:
1- In Figure A, tectonite-mineralized alteration lithofacies is zoned based on the working section and
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that unzoned is the area not involved this time, and ore shoot takes the Zn+Pb content of 15% as the
cutoff grade; 2- F100 and F5 are the same fault, and only appear as two faults in 1,944m level and
1,884m level, so only F5 is shown in Figure B.

The ore-forming fluid of the Daliangzi Pb-Zn deposit is the Ca?*-Na*-CI-504+* type [26,44] with
high Na/K mole ratio (greater than 1), low Na/Ca mole ratio (smaller than 4), and low F/Cl mole ratio
[45], and is basin brine [46,47]. The solubility of chloride complex of elements Zn and Pb is 1 — 6 orders
of magnitude higher than that of hydrosulfide complex [48,49], and fluid inclusions, however,
contain a large amount of Cl- ions, so the elements Zn and Pb should have migrated mainly in the
form of chloride complex. The content and the proportion of anion SO« decrease gradually while
those of CI- increase from the early to the late stage of mineralization, reflecting the consumption of
SO4% and the release of CI-in the ore-forming process. The study on S isotopes shows that the sulfides
of the deposit are formed mainly through thermochemical sulfate reduction (TSR)[50]. The analysis
of gas phase compositions of fluid inclusions shows that the redox parameter R (0.052—0.175—0.283)
tends to increase gradually from the early to the late stage of mineralization; fluid inclusions often
contain CH: and other reducing gases [50]; the study on H-O isotopes shows that they are distributed
along the reaction line of basin brine and organic matters. These all reflect that organic matters or
reducing fluid rich in organic matters participates in reactions in the ore-forming process. Based on
the textures of ore body, the contact relation of ore body with wall rocks, alteration characteristics,
and ore-forming fluid characteristics, Yuan Bo et al. (2014) believe that the deposit is the product of
the mixing of reductant-rich (reducing) fluid and metal and sulfate-rich (oxidizing) fluid[50].
Therefore, the main mechanism of sulfide precipitation should be the mixing of Cl- and SO4*-rich
high-temperature oxidizing fluid which contains metallogenic elements and reducing fluid.

The comprehensive study presents that the metallogenic system of NE tectonic zones controls
the metallogenic system of the Daliangzi Pb-Zn deposit. Deep ore-forming fluid rich in CI- and SO+
, driven by structures, migrates along the footwalls of NW-W and approx. E-W striking F1 and Fis
and the NE-SW pitching main anticline of the derived secondary NWW-NW striking faults (Fas, Fs,
Fo, Fs, Fs, etc.) (Wu Jianbiao et al., 2022) while extracting Pb, Zn, Cu, and other metallogenic elements
in the strata it flows through (Figure 14); with the continuous gathering of ore-forming fluid, the fluid
pressure increases and when it is higher than the lithostatic pressure and the tensile strength of wall
rocks, diapirism (cryptoexplosion) occurs along NWW-NW striking faults (Fzs, Fs, Fo, F5, etc.),
accompanied by rock breakage, spillover of volatile components, and abrupt pressure drop, forming
complex breccia comprising dolomite which contains host rock, deep pyroclastic rock, and overlying
collapsed dolomite. Meanwhile, deep ore-forming fluid starts to mix with the reducing fluid formed
through meteoric water leaching of Jurassic-Cretaceous strata and carbonatite wall rock, initiating
thermochemical sulfate reduction (TSR) and precipitating a large number of sulfides which are
cemented with rubbles or filled in rock fractures, thus forming tectonite-mineralized alteration
lithofacies assemblage subzones of “black/fracture zone” and different types of orebody clusters
(Figure 14A,B, Table 1).

6. Conclusion

(1) Through analysis of ore-hosting tectonite-mineralized alteration lithofacies of R1
“black/fracture zone”, this paper establishes the identification marks, tectonite types, mineralized
alteration types, and zoning characteristics and summarizes the zoning rule of tectonite-mineralized
alteration lithofacies zones of the Daliangzi Pb-Zn deposit. The tectonite-mineralized alteration
lithofacies zones are divided into 4 types in succession outward from the mineralization center, i.e.,
(D- brecciated and stockwork-like Pb-Zn mineralization-complex breccia facies zone, (2)- stockwork-
like Pb-Zn mineralization-simple breccia and cataclasite facies zone, (3)- veined pyrite-sulfide-
dolomitic cataclasite facies zone, and @— fine-veined calcite-black carbonized dolomite facies zone,
of which Zones (1), (2), and (3) are the main places where ore body occurs while Zone (4) mainly acts
as a partition layer.
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(2) The homogenization temperature of ore-forming fluid decreases from Zone (1) to Zone (4),
the salinity increases from Zone (1) to Zone (2) and then decreases to Zones (3) and (4), and the fluid
density has little change on the whole; the contents of Zn, Pb, Cu, Ga, Ge, Cd, Ag, and other
metallogenic elements, the Zn/Pb ratio, and the CaO/MgO mole ratio decrease gradually from Zone
(D to Zone (3); and REE fractionation, calcilization, silicification, and pyritization enhance gradually
from Zone (1) to Zone (4).

(3) The comprehensive study on the ore bodies and tectonite-mineralized alteration lithofacies
zones of the Daliangzi Pb-Zn deposit and the fluid inclusions, major elements, trace elements, and
rare earth elements in tectonite-mineralized alteration lithofacies zones with different structures
indicates that diapirism (cryptoexplosion) of strike-slip structures and “black/fracture zone” is the
key to ore forming; and the zoning mode of tectonite-mineralized alteration lithofacies of the
Daliangzi Pb-Zn deposit is established, bringing new thought, evidence, and inspiration for
prospecting in the depth and on the periphery of the deposit.
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