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Dynamics of Tectonic Ore-forming Processes
and Localization-prognosis of
Concealed Orebodies

——As exemplified by the Huize Super-large Zn-Pb-( Ag-Ge) District, Yunnan

Abstract

The Huize Zn-Pb-(Ag-Ge) district contains medium-to large-sized, high-grade, Zn-
Pb-(Ag-Ge) deposits that occur in the Sichuan-Yunnan-Guizhou Zn-Pb-(Ag-Ge) metal-
logenic region. The total reserve of Pb and Zn exceeds 5 Mt. The super-large type de-
posit is one of famous and typical carbonate-hosted Zn-Pb deposits in China.

1. According to the researches of metallogenic region and stratigraphy, it is
thought that the metallization of the Sichuan-Yunnan-Guizhou metallogenic region has
close relations to the basement tectonic layer of Proterozoic erathem and the caprock of
Paleozoic erathem. The basement tectonic layer is both source-bed and ore-host horizon
(such as Tianbaoshi and Xiaoshifan deposits in Sichuan). The carbonate in the caprock
is main ore-host horizon, such as the Devonian period, Carboniferous period and Permi-
an period, which is occured ore deposit (orebodies). Generally, Zn-Pb ore-forming in
the Sichuan-Yunnan-Guizhou metallogenic region has polygenetic, multiplayer ore-form-
ing characteristics. Its mudrock band and coal measures strata play a geochemical barrier
in the formation of ore deposit.

In Proterozoic erathem and Paleozoic erathem, there are different thickness evapor-
ite rock formations. The research shows it offers a part of sulfur source to the formation
of sulfide deposit. On the other hand, the formation of evaporite rock instructs sedi-
mentation setting lithofacies paleogeographic characteristic which is a favorable factor of
the formation of deposit (orebodies).

2. The regional structure characteristics show the Sichuan-Yunnan-Guizhou Zn-Pb
Sb-(Au) metallogenic region is controlled by deep-seated faults, such as Xiaojiang fault,
Zhaotong-Qujing concealed fault and Shoucheng-Ziyun fault etc. They are deep-seated
structures of metallogenic region which control the arrangement of mineral belts, dis-
trict and deposit in the Sichuan-Yunnan-Guizhou metallogenic region. The northeast-
trending faults are main structures for derivative and housing ores, the Northwest-trending

fault is main structures of distribution ores. If there are intersections in sets or over two
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sets faults, it is the better metallogenic district and also becomes orebody concentration
and thickness position. Huize Zn-Pb-(Ag-Ge) district includes the Kuangshanchang de-
posit in west section, the Qilinchang deposit in middle section and the Yinchangpo de-
posit in northeast section.

3. After the comprehensive research of the Emeishan basalt, it is put forward that
the overflow of basalt magma is relation to genesis of the formation of the Huize depos-
its. These reasons are;

1) The distribution of the Sichuan-Yunnan-Guizhou Zn-Pb metallogenic region is
basic harmony to space arrangement of Emeishan basalt, especially good relationship
with Zn-Pb deposits in the northeast of Yunnan.

2) The same or similar diagenism and metallogenic ages. The basalt eruption time
is late Permian period at the age of 218. 6—253. 3Ma (K-Ar method, Liu Hechang and
Lin Wenda, 1999). The metallogenic age of the Huize district is (224.8 +1.2) —
(226.0£6. 9)Ma (Rb-Sr isochron method sphalerite) , and is (225+38)— (226+15)Ma
(Sm-Nd isochron method by Calcite) (Huang Zhilong, Chen Jin and Han Runsheng,
2004). The model age of Pb isotope in ores is mainly 210Ma or so (31 samples). Acous-
tic Emission Method (AE method) by palaeo-stress value deduces the district formed in
the late Hercynian. In accordance with above ages, it is thought that the age of metallo-
genic epoch is basically harmony with Emeishan basalt eruption time even close to erup-
tion late period.

3) From H, O isotope (8D-8"*Oy,r) diagram in mineral inclusion, the ore-forming
fluid mainly come from magmatic water and metamorphic water. It is thought that the
basaltic overflow processes offer thermodynamic conditions, some fluid components and
mineral sources.

4) Pb, Zn, Ag etc. metallogenic elements in basalt are special high, and there are a
few sulfide in basalt at the same time in eastern Yunnan.

4. Detailed studies of the structural and geochemical controls of the origin of the
Huize deposits indicate that the district possesses unique metallogenic characteristics.
The characteristics show the metallogenic and ore-host specialties in Huize deposits have
distinct difference compared with the typical MV T-type ore deposits:

1) The district is characterised by a particularly high ore grade (Zn+ Pb>>25—
35wt , The richest ore grade is over 50%), thick orebodies (up to 30 m or more), and
by a simple ore mineral composition (sphalerite, galena, pyrite and calcite as a major
gangue mineral). The No. 10 orebody is particularly massive. The thickness and ton-
nage of the orebodies tend to progressively increase with depth.

2) Enrichment of Ag and other dispersed elements (Ge, In, Ga, Cd, and TI) in

the ores.
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3) Galena, sphalerite, and pyrite being the major carriers of Ag, Ge, Cd and TL

4) Ore distribution is controlled by structure and lithological characters. The de-
posits all are controlled by the same fault structure. The orebodies are hosted in NE
compresso-shear fault and interlayer crush belts.

5) Wall-rock alteration in the Huize Zn-Pb-(Ag-Ge) deposits is relatively simple
and limited, mainly having carbonatization, pyritization and a little silicification.

6) Mineral zonation in the orebodies. The main orebodies show a mineral assem-
blage zonation from the footwall to the hangingwall of orebody, it is coarse crystalline
pyrite and marmatite—sphalerite, galena and pyrite—finely crystalline pyrite and car-
bonate minerals.

7) Presence of evaporite layers in the ore-hosting wall rocks of the l.ower Carbonif-
erous Baizuo Formation and the underlying basement.

8) The metalization area is smaller than 10km?. The ore-host strata is simple and
main orebodies are only ocuured in dolomite of the Baizou Formation. The occurrence of
orebodies is harmony with wall rock occurrence. It is a steep dip orebody. The orebody
extends 2—4 times longer than its strike. The total is stratiform, stratoid orebody. It
is consist of flat column, lenticular, sack-like and vein, anomalistic orebody along lay-
er. The main orebody has rich, thick, big feature (For example, Nos. 1, 6, 8 and 10
orebodies).

5. Ore deposit geochemistry characteristics

1) The Baizu formation of ore-host strata is consist of impurity meso-coarsely crys-
talline dolomite and dolomitic limestone, argillite (a little) and favorable metallogenic
rock assemblage. It includes higher SiO,, TiQ), contents. Both are positive correlativi-
ty.

Ore deposit overlying strata is the Liangshan formation of lower Permian system, It
is consist of carbonaceous shale, fine sand rock and coal layer. It is waterproof strata
which plays a barrier role in the formation of ore deposit.

2) The contents of metallogenic elements in regional stratigraphy are several times
higher than the Crust abundance. Pb, Zn contents in the basement structure layer are
even higher.

3) The research of fluid inclusion shows the metallogenesis is at meso-hypothermal
(the homogenization temperature for calcite is 164~221°C; 300~350°C for sphalerite),
medium salinity (8. 5wt%NaCD. The fluid type is Ca?>*-Na*-Cl~-HCO, ™ -S0O,%".

4) Isotope composition characteristics: 8 S focuses on 12%; — 16%,, few §* S<C
5%, rich in heavy sulphur. It doesn’t exclude to mix into deep source sulphur and is
multi source sulphur. Pb isotope composition is mainly normal Pb. The source area is

multi source Pb. In accordance with H, O, C isotope characteristic, the metallogenic
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fluid is crust-mantle-derived mixed one.

5) Rare earth elements (REE) in tectonites have low contents, big changes from
0.87X107° to 336. 39 X107°%. SREE of Common tectonites is less than 100X 107%. §Eu
shows the tectonites are polluted by different material source as it appears positive, neg-
ative and normal. The other features which REE in NE-treding fault tectonictes is high-
er than NW, SN and EW-trending tectonites show NE-trending metallogenic structure is
even larger than the fluid affects.

These features show metallogenic fluid is multi source which sulphur source comes
from seawater sulfate and Pb, Zn source come from deep-seated source, basement tec-
tonic layer and the caprock.

6. By the macro-and micro-observation and mechanic analysis of fault structural
planes, the research of orefield structure and formation development acquires 5 sets
fault structure in the district. The transformed process of mechanic character is;

1) NE-trending fault underwent compressive and left-lateral compresso-shear —
right-lateral shear (compressive) — tensile — left-lateral shear-compressive mechanic
character.

2) NW-trending fault underwent tensile—left-lateral shear —right-lateral shear me-
chanic character,

3) NNW-trending fault underwent left-lateral shear—left-lateral shear-compress-
ive—right-lateral shear-compressive mechanic character.

4) Near EW-trending fault underwent right-lateral shear—>left-lateral shear—>com-
pressive mechanic character.

5) Near SN-treding fault underwent compressive and compresso-shear—>left-lateral
compresso-shear—compressive—>right-lateral shear mechanic character.

Meanwhile, mechanic characters of faults determine maximum main stress direc-
tion of every structure stage in the field and divide, combination and formation develop-
ment order of tectonic systems.

7. According to mechanic characters of fault structures and ore deposit geological-
geochemical characteristics, for the first time we are put forward two ore-controlled
structure types: xi-type and step ore-controlled structure. So, ore deposit has isomet-
ric interval and bathymetric interval metallogenic characteristic. This rule has important
instructive significance for concealed ores finding and ore-finding prognosis.

From regional metallogenic structure, orefield metallogenic structure and ore de-
posit metallogenic structure, ore-controlled metallogenic structure is divided into three
grades. These are: regional ore-controlled structure (Xiaojiang fault, ZhaotongQujing
concealed fault) control the arrangement of regional mineral belt, orefield ore-con-

trolled structure (e. g. Kuangshanchang fault) control the space configuration of ore de-
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posit, ore deposit (orebodies) ore-controlled structure (e. g. NE-trending fault and in-
terformational tectonic rupture zone) control orebody shape, attitude and size etc.

8. Tectono-geochemistry researches metallogenic material source, transformation,
distribution and accumulation metallogenic processes. By the geochemical information of
metallogenic elements and correlation elements from tectonite and modern advanced
technology, the chemical elements are made cluster statistic analysis. At the same time,
to make factor analysis and get different factors and score contour chart, distribution
regularity, fixed quantity feature can make location prognosis of concealed ores. This
method acquired a very good geological effective in prognosis of concealed ores of the
Huize deposit (see chapter 7).

9. By means of the research of tectonic stress field, we can make the dynamic evo-
lution simulation of orefield tectonic stress field, acquire different period paleotectonic
stress field of orefield, draw the dynamic evolution map of tectonic stress field (major
metallogenic pre-period, metallogenic initial stage, major metallogenic main stage and
major metallogenic post-period), analyze the distribution feature of tectonic main stress
and differentiate the formation and evolution of tectogenesis, fold and fault. According
to this, we can determine main metallogenic tectonic period is harmony with the erup-
tion stage of the Ermeishan basalt (late Permian Period). Due to tectogenesis and mag-
matic process, they give rise to left-lateral strike-slip of Xiaojiang fault and Zhaotong-
Qujing concealed [ault belt, produce northwest-southeast direction compression stress,
form favorable tectonic path in order to be absorbed in deep-focus fluid, be resulted in
metallogenic process, be formed the Huize deposits.

The ore-controlled features of tectonic stress field indicate tectonic stress field con-
trols tectono-geochemistry field, deformation field, ore fluid transportation potential
field, energy field etc. By means of the mutual combination of tectonic stress field and
tectono-geochemistry field, we may set up a more complete survey model of prognosis of
concealed ores.

10. To set up ore-finding model for prognosis of concealed ores. After the research
of comprehensive analysis, we offer the orefinding model (Fuzzy Comprehensive Ad-
judgement Model (FCA model)) for the concealed ores of the Huize deposits combined
with the Huize mine, study out deep-seat ore-finding programme and favorable area,
put forward specific predictive target area and target position.

11. Main achievement and progress in the technology and method are as following.

1) At first, we apply the theory and method of Dynamics of Tectonic Ore-forming
Processes and achieve breakthrough progress in the prognosis of concealed ores of the
Huize Zn-Pb-(Ag-Ge) deposit. The author thinks ore-forming process includes magmat-

ic type ore deposit, sedimentary type deposit, metamorphic type ore deposit and re-
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worked type ore deposit offered by Mr. Tu Guangze in 1980s. The reworked type de-
pozit is 4th genesis type of contemporary ore deposit, which their metallogic process has
close relationship with structure and tectogenesis. Thermodynamics produced by tecton-
ization might drive transportation of metallogenic fluid and could also reconstruct and
activate metallogenic material concentration in geologic body at the same time so that
they enter weaken belt and favorable space which is final location place of ore deposit
(orebody) and also location target area of ore-forming prognosis.

Dynamics of Tectonic Ore-forming Process may be divided into three arrangements,
which include regional dynamics of tectonic ore-forming process, orefield (deposit) dy-
namics of tectonic ore-forming process and dynamics of micro-tectonic ore-forming
process. The two latters have close relationship, sometimes indiscerptible, practical
significance and instructive action. Recently, concealed ore-finding and predication are
one of most difficult problems in geological ore-finding which has been paid attention by
broad geologists and experts. we study ore-forming process at the macroscopical and mi-
crocosmic points of view, tectonic stress field and geochemistry field and acquire
amount of ore-forming geologic information and various parameters change into various
factor score figure indicated on a map and draw out tectono-geochemistry-geological map
by means of modern computer process to make prognosis and predication of concealed
ores. This is a important innovation of ore-finding theories and methods.

Dynamics of Ore-forming Process offered by academician Yu Chongwen in 1998 em-
phasizes to study ore-forming processes from microcosmic point of view, reveals essence
of ore-forming processes, that is metallogenic problems for the drive power of ore-form-
ing processcs, ore-forming velocity, mechanic and time evolution, space arrangement
(ore-forming processes and space-time structure).

However, Dynamics of Tectonic Ore-forming Process makes new breakthrough
progress in theoretical system and method application, makes up and develops the study
contents of dynamics of ore-forming process. Therefore, Dynamics of Tectonic Ore-
forming Process is both the branch field of dynamics of ore-forming process and the
branch subject of geochemistry.

2) All study shows the Huize deposits are of special super-large type deposits. Its
metallogenic settings, ore-forming conditions, ore-controlled factors, ore deposit fea-
tures, ore deposit geochemistry features, ore-forming material origin and metallogeny
etc. compared with the similar ore deposits at home and abroad have notable difference
and unique features. It can be named as Qilinchang-type Zn-Pb-deposit.

3) After all studies, we predicted that there are deep-seated concealed ores condi-
tions at the Qilinchang area, put forward and circle prognosis belts of concealed ores and

target areas (see text in detail). After engineering test and verification, rich and large



