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Preface

The copper deposits in the Central Yunnan red — basin are famous and typical sandstone — type cop-
per deposits in China, which occur in continental - facies red —bed. In the past half a century, Yunnan
Nonferrous Metals Geological Bureau has continuously conducted geological prospecting, deposit explora-
tion and research work of sandstone — type copper deposit. Owing to the development of especially Liuju
copper deposit in Dayao County, and Haojiahe copper deposit in Mouding County, large amount of sub-
surface geological information about sandstone — type copper deposit has been obtained, and those infor-
mation has also been applied to prospecting and research of sandstone — type copper deposit. The accom-
plished achievements have updated the recognition on the genesis of sandstone - type copper deposit.
This book is characterized by guiding with modern theories of sedimentary basin analysis. The authors of
this book think that the formation and evolution of the Central Yunnan red — basin can be divided into
three stages, i. e., foreland basin stage, fault basin stage, and intermountain basin stage, in which
black coal — bearing formation, red copper — bearing formation, and white gypsum — bearing evaporate
formation were formed. The authors also think that the above — mentioned three kinds of formations are
prerequisite for sandstone — type copper deposits, i. e., they have laid material foundation for ore -
forming process. The authors have also studied the metallogenesis of sandstone — type copper deposit by
analyzing basin — forming tectonic dynamics, lake — basin hydrodynamics, oil — gas thermal evolution dy-
namics in basin, brine circulation dynamics, and by introducing the theory and method of Sequence Stra-
tigraphy into the research on relations between metal deposits and continental lacustrine basin sequence
stratigraphy. They have divided the red — basin red — bed series with a thickness of over 10 000 meters in-
to seven sequences. More detailed analysis and discussion have also been made on the association and
trend of the stratigraphy and rock within three main host rock units, and the conclusion is that, owing to
the influence of basin tectonic dynamics, good 3 — dimensional trap systems were formed in each main
host rock unit, and copper mineralization (ore — bodies) mainly occur in early — stage sedimentary layer
of lake transgression sequence. The above — mentioned recognitions are the base for metallogenic progno-
sis, and prospecting targets can be outlined when other prospecting evidences have also been taken into
consideration.

This book mainly deals with deposit genesis, metallogenic regularity, prospecting criteria and target
area selection for sandstone — type copper deposits. During the process of studying the above — mentioned
questions, the authors have regarded sedimentation, tectonism, role of organic matter, oil — gas migration
process, fluid — rock interaction, brine circulation and basin dynamics as different aspects of the metallo-
genisis of sandstone copper deposit in different stages of crustal evolution; have analyzed synthetically and
unitedly all of those different aspects; have linked all courses and links of each kind of process with the
formation of sandstone — type copper deposits; have linked part with region, macroscosm with micros-
cosm, phenomenon with essence, surface with subsurface. In fact, we have to do like that in order to ob-
tain the explanations and predictions in accordance with objective reality, and to promote the prospecting
and research of the sandstone — type copper deposits.

Under the guidance of modern theories of sedimentary basin analysis and universal geological process
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field, the authors have propsoed the integrated prospecting method for the Central Yunnan red - basin
sandstone — type copper deposit with the key words of “Fault Basin, Three — colors Formation, Alterna-
ting of Light Color Bed with Purple Color Bed, Mineral Zoning, Ore ~ bodies Like Fish Head and Tail,
Metallogenetic System Composed of Six Coupled Essential Factors, Brine Fluid Circulation, Epigenetic
Mineralization, One Type Deposit and Three Styles of Mineralization, Materialistic and Dialectic”. This
research achievement based on the study of multiple subjects, is new and original in viewpoint, right in
research clue, rich in actual information, deep and accurate in analysis, and reliable in conclusion. This
book is an important document for the prospecting and research of continental — facies red — basin sand-
stone — type copper deposits in China. I believe this book will be popular with geo — science circle, and
exploration and mining branches will also pay attention to it. Before the publication of this book, I hereby

write the preface to convey my congratulations to it.

Academician of Chinese Academy of Sciences: Lz ‘%)W
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Foreword

The 21st century is an era in which knowledge economy develops, and economic and social develop-
ment depends on knowledge and innovation of science and technology. With the rapid development of e-
conomics and society, and the speed — up of industrialization process in China, large amount of mineral
resources has been consumed. At present, more than 95% of energy, 80% of industrial raw material,
and 70% of agricultural means of production come from mineral resources. Because mineral resources is
still the material base for human existence, it is key for national security, economic and social stability,
and sustainable development to guarantee the sufficient supply of mineral resources.

- The reserves and production abroad were, and are still of high position. The reserves of sandstone
(shale) copper deposits ranked first (accounting for 51. 4% of total copper reserves) before 1960s, and
second after 1960s owing to the discovery and exploitation of porphyry copper deposits. In China, sand-
stone (shale) copper deposits are widely distributed, mainly in Yunnan, Sichuan, Hunan, Guangxi,
Xinjiang, Jiangxi, etc. , and Yunnan ranks first in terms of deposit scale. They occur in rocks of from
Proterozoic to Cenozoic. According to rough statistics, the reserves of sandstone (sandshale) copper de-
posits accounts for about 3. 2% of total copper reserves in China, and 18% ~20% in Yunnan. Sandstone
copper deposits are chiefly distributed in Central Yunnan Red - basin in Yunnan, belonging to high qual-
ity ore which is very easy for mining and dressing. So it is of important theoretical and economic signifi-
cance to summarize the metallogenic regularity, propecting criteria and prospecting direction of continen-
tal — facies sandstone éopper deposit in Central Yunnan Red - basin.

The book of { Geology of Sandstone Copper Deposit) published in 1977 were compiled by Liu Chan-
ghui et al. with Yunnan Nonferrous Metals Geological Bureau. The authors began compiling the book
since 1971, at the initial stage of prospecting for sandstone copper deposit in Central Yunnan Red - ba-
sin. On the basis of overall and systematically collecting the achievements of prospecting and exploration,
and scientific research, they summarized ore — forming geological conditions, characteristics of ore — hos-
ting rocks, deposit geology, deposit genesis, and prospecting method, and so on. No doubt, the publica-
tion of that book had played a positive pushing role in prospecting and exploration of continental — facies
sandstone copper deposit in Yunnan and even in China. However, with the development of geological
prospecting, deposit exploration, and deposit supplementary exploration, especially the progress of min-
ing and the deepening of geological research, a lot of deep ~ seated geological phenomena and relevant in-
formation that could not be observed or acquired in initial exploration stage, had been exposed or ac-
quired. So the formerly understandings (for example, underwater topography was once believed to be one
of the three key ore — control factors) need to be deepened, supplemented, or modified. Just as Professor
Ye Lianjun and Li Jiliang said in the preface of { Geology of Sandstone Copper Deposit), “the under-
standings on sandstone copper deposits in Central Yunnan dont end with this book, but begin a new
course; We need to make more new discovery, invention, creation and progress in the work of geological
exploration and metallogenetic — theory research of sandstone copper deposit, and continually push the
work to a new high level. 7, and “Judging from the data and accomplished achievements listed in the
book , the authors absolutely could have come up with a complete metallogenic theory on sandstone copper

deposits in Central Yunnan, so the book should be supplemented in future. ”
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In the end of last century, “State planning commission” and “Minisry of Geology and Mineral Re-
sources” united to conduct the second round and the third round prospecting projects, the chief working
contents of which are “prospective survey” and “metallogenic prognosis and target optimization” of Cen-
tral Yunnan Red — basin sandstone copper deposit. At the meeting ( organized by the Minisry of Geology
and Mineral Resources) of checking and appraising the achievements of “prospective survey project” ,
the experts present said; “the research report is rich in contents, full and accurate in data, outstanding
on key points, excellent in both pictures and literary compositions; is full and with good grounds in ex-
pounding metallogenic setting, ore — forming conditions, and deposit geology ; the prospective prognosis is
relatively ample in foundation, and high in reliability, further affirming that the prospects of prospecting
for sandstone copper deposits in Central Yunnan Red — basin is good, and sandstone copper deposit is an
important type of copper deposit, Central Yunnan Red — basin is a favorable prospecting target in the fu-
ture ; new progress and further deepening have been made in the aspect of understanding of metallogene-
sis, which is copper mineralizing and very useful for finding same type copper deposits in other Mesozoic
continental red — basins in China. It achieved international advanced level. ” After conducting project of
“Copper Deposit Mineré.lizing Prediction and Target optimization in Dongchuan and Chuxiong”, Science
and Technology Committee of Yunnan Nonferrous Metals Geological Bureau said “The report gave us new
theories, new method to summarize perfectly mineralization with rich information, real data, illustrations
and innovative opinions. It was a advanced level research report on sandstone copper deposit in Yunnan
and achieved international advanced level”. On the meeting, Guo Yuansheng, director of Yunnan Non-
ferrous Metals Geological Bureau, indicated that it is necessary to summarize the opinions and practices
on sandstone copper deposit in past half century and compile monograph for the 55th anniversary of the
bureau.

Nowadays, based on the results of two prospecting projects conducted in the past 50 years, this book
was edited by medifying and renewing new information and ideas collected from exploration of crisis
mines. All information used in the book, besides research results of author, came from geological teams
and institutes of Yunnan Nonferrous Metals Geological Bureau, Dayao copper mine, Mouding copper
mine and academies, so it was a crystallization of the collective wisdom of bureau’ s employee, especially
geologists, whose worked in the Central Yunnan Red - basin.

In this book, the important opinions were following :

1. The Central Yunnan Red - basin located at west edge of Yangtze paleo - plate, faced Paleo — Te-
thys ocean in the west and belong to southern part of Panxi Rift. The Panxi Rift tensiled and depressed in
early Hercynian Epoch and closed in Indo — China period. Generally, the Central Yunnan Red - basin
could be considered as production at return stage of Panxi Rift but it had its special process of develop-
ment and evolution. The basin could be divided to three stages that were foreland basin, rift basin and in-
termountane basin, those experienced the movement of transgression — regression, aggression and with-
draw of lake regression. It formed lowerCoal — bearing Formation ( black), middle Copper Formation
(red) and upper Evaporite Formation ( white) simply called Three Color Formation that was considered
as pre — condition of mineralization of the basin Copper Deposit. It provided material base for mineraliza-
tion and combinatorial indicators of prospecting from late Triassic Period to Quaternary Period, so the
Central Yunnan Red - basin Copper Deposit was the part of rift mineralizing series.

2. It is the first time to use the theory and method of squence stratigraphy to research prospecting on
red — basin sandstone copper deposit, divide red — rock system, 10 to 7 sequence systems, discuss on the

combination and their trend of three main sequence systems with ore hosted rock. It considered that sedi-
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mentary stage of three main stratum and their overlying and underlying stratum was transitional stage of
lake transgression and lake regression in the basin, formed rock systems alternated of torrential facies,
fluvial facies, stream — lake alternated facies and lacustrine in stratum profile and also formed good trap
system in three — dimensional space. The copper mineralization hosted early sedimentary rocks of lake
transgression sequence in each stratum system and that was new indicator for prospecting.

3. Central Yunnan Red - basin Sandstone Copper Deposits have both generality and individuality.
Its metallogenic model is summarized as “ One Type and Three Styles” , of which Type is generality, and
Style is individuality. The metallogenic model can be generally explained as follows: lower coal — bearing
Formation transferred organic complex of hydrocarbon products and single cycloparaffin up by driving of
deep heat energy and geological tectonic movement, with brine in the stratum and leached down from up-
per Gypsiferous Formation, then made water — rock reaction and formed hot ore brine circle system, with
influence of power of faults-and folds movement, finally formed stable and bedding Dacun Style sandstone
copper deposit hosted at fine sandstone, gravel sandstone, conglomerate and siltstone of lake — shore faci-
es and stream — lake alternated facies in synclines, rich — thick — large Liuzuo Styles sandstone copper de-
posit hosted at middle — fine sandstone and gravel sandstone of stream facies in plunging part of Daxues-
han anticline and hardly changed Haojiahe Style sandstone copper deposit hosted at middle - fine sand-
stone and gravel sandstone of stream —~ lake alternated facies and stream facies and located at fault zones
and sub — folds of multiple anticlines. It was a new progress on understanding of copper mineralization
and very useful and important to find same style copper deposit in other continental red — basins.

4. The relationship between copper deposit and the cause of gray bed in red rock system at the — ba-
sin was very important to sandstone copper deposit. The ore bodies of sandstone copper deposit in red —
basin all occurred at gray side of gray — purple alternated zone that showed very close relationship between
copper minerlization and colors of rocks, so the research on characters and cause of gray and purple rocks
became one of keys for prospecting sandstone copper deposit because it was related to ore — bodies, evalu-
ation of deposit and prospecting. Based on characters of gray beds occurred, the author divided gray beds
to three types of syngenesis, diagenesis and alteration according to their causes, then combined the char-
acters of deposit hosted in gray strata, further divided gray strata of alternation type to three styles of cov-
er, zone and commix that comparatively hosted Dacun Style sandstone copper deposit, Liuju Style sand-
stone copper deposit and Haojiahe Style sandstone copper deposit, called metallogenic model of “One
Type and Three Styles” of the Central Yunnan Red — basin Copper Deposit. The model awords with facts.

5. Used basin dynamics to explain that the Central Yunnan Red - basin experienced Indosinian
Movement, Yangshan Movement and Himalaya Movement which controlled the form and evolvement of
the basin and effected mineralization of sandstone copper deposit. By dynamics analysis, considered basin
structure was that basement controlled capping bed and capping bed come to basement, structures before
basin formed controlled structures in stage of basin formed, structures after basin formed partly inherited
and rebuild structures in stage of basin formed, produced structure system consisted of multiphase activity
and multi - direction structures inherited, composite and superimpose. Lake — basin hydredynamics main-
ly analysed hydrodynamic characters in early and late Cretaceous Period and considered that the hydrody-
namic change of lake — basin was related to the intension and extent of tectonic movement at basin and its
close area, direction of stream flowed, change of lake — basin surface and climate change in Cretaceous
Period and the hydrodynamic power commonly was strong in early, sometime strong and sometime weak in
middle and stagnant, still, vaporized and disappeared finally in late. Used oil — gas thermal dynamics in

the basin to discuss the characteristics of heat evolvement and gasification of hydrocarbon rock and miner-
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al hydro - inclusion, then thought that the distribution of sandstone copper deposit in basin was related to
advantageous zones of gas and oil formed in space and also directly related to the producing, movement
and settlement of hot brine with copper in cause. Brine circumfluence dynamics conducted the discussion
on source and character of brine and its circumfluence system and motivity, then considered that com-
bined zones of Mouding Incline with two buried faults of Dukou — Dayao — Nanhua fault and Yaoan —
Qianchang - Haojiahe fault were important area of forming Tuanshan - Liuju — Haojiahe — Shibanghe min-
eral concentration arc zone which is best one for prospecting sandstone copper deposit in the Central Yun-
nan Red - basin.

6. Following section of criterias and methods of Prospecting, added section of Discussion on criterias
and methods of Prospecting and was summarizing on experiences and lessons for Yunnan Nonferrous Met-
als Geological Bureau carried out prospecting and exploration works on sandstone copper deposit since the
half of century. The relationship between Discussion on Prospecting methods and prospecting criterias was
that it had to use the prospecting criterias, and difference was that only used one or some criterias to re-
solve problem was very difficult, so geologist had to basing on geological information exposed and related
data (including all prospecting indicators ) , following geological rules known, from phenomenon to es-
sence, from surface to inside, from point to cover for discussion and research, then could got the ideas
that was close to the fact relatively. Discussion on Prospecting methods was quite difference with common
prospecting means because that referred to ideas which could be achieved by fully discussion and proven
by practice, so it was complementarity and sublimation to criterias and methods of Prospecting.

7. Under the theories of unitive geological process field put forward by academician Liu Baojun, the
author thought sedimentary processes, tectonic processes, organic processes, oil — gas movement, water
— rock reactions, brine circumfluence processes, basin dynamics related to mineralizing process as differ-
ent sides of sandstone copper deposit put up in different stage of crustal evolution. When we discuss min-
eralizing process of sandstone copper deposit, we can synthetically and uniformly analyse all sides above
and connect all processes with sandstone copper deposit from macro - data to micro ~ data, phenomenon
to essence, local to global, surface information to underground information, then can explain and predict
the information in accordance with the facts and promote prospecting and prediction works on sandstone
copper deposit.

8. After studying and discussion on marks and methods of prospecting and investigation of allocation
structure in space and time of sandstone copper deposit in Yunnan , the author indicated the way of sand-
stone copper deposit prospecting at the basin in Time and Space. For Time , there were 16 copper stratum
from Jurassic Period to Tertiary Period, almost covered each strata from Mesozoic Era to Cenozoic Era,
but did not exist always industrial copper ore — bodies in these stratum exposed. Industrial copper ore —
bodies, especially large scale deposits, only occurred at Wadizuo Member, Liuju Member and Dacun
Member of Cretaceous. By statistic data, the area of Cretaceous strata exposed was 42. 78% of whole red

- basin area of 36 000 km®, but the copper metal reserves proven at Cretaceous strata was about
1360 000 tons that was 94.34% of total copper metal reserves proven in the basin and the thickness of
three copper stratum of Cretaceous system was 1. 16% of thickness of whole red rock system in the basin,
but the copper metal reserves proven at these three stratum was 93. 72% of total copper metal reserves
proven in the basin. For Space, the area in the basin scope around Yuanmou ancient land from 10 km to
30 km, that was Tuanshan — Liuju ~ Haojiahe — Shibanhe mineral concentration arc zone, 165 km long in
South — north and 24 to 36 km wide in east — west, with area of 5000 km’ was 13. 88% of total red — ba-
sin area, there were 145 mineral occurrences, included 4 middle — large scale deposits and most small
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scale deposits, that was 54% of total occurrences in whole red — basin, and copper metal reserves proven
in the zone was 1 346 000 tons that was 93. 47% of total copper metal reserves proven in the basin. It
shows that sandstone copper deposit in red — basin had obvious characteristics of Time and Space Control
which point out the way of Time and Space for further prospecting.

9. The idea of Three features, gray — purple zone alternated, mineral zoning and underwater land-
form, meant that sandstone copper deposit occurred at gray side of gray — purple zone alternated in hosted
rocks, there were mineral zoning in ore — bodies of sandstone copper deposit and the ore — bodies of sand-
stone copper deposit located at depression of hosted strata in their sedimentary stages. The prospecting
practice had proven that features of gray — purple zone alternated, mineral zoning were two sharp axes in
past half century. In the early of exploration on sandstone copper deposit, it was considered that sand-
stone copper deposit hosted at strata of lacustrine using geological information and prospecting experiences
on sandstone copper deposit over the world, so cupped area of underwater landform became a geo — chem-
ical condition ( environment) for sediment of sulfide copper minerals in the sedimentary stage of lacustrine
strata ( the author was participant summarizing the idea of Three features). At the early 1970’ s, the Bu-
reau made cooperation with academician Liu Baojun, professor Yu Guangming and Zhang Jinquan from
primary Chengdu Geology College to research sandstone copper deposit relationship on sedimentary facies
of hosted rocks of sandstone copper deposit and then lots of datum and results proven that hosted strata of
sandstone copper deposit were fluvial facies and stream — lake alternated facies which did not exist geo -
chemical condition for sulfide copper sediment with several ten thousands or hundred thousands tons of
copper metal but not lake facies and it was proven that the third features, underwater landform, was a
useless by practice. So in the book, author said that we had to persist in materialistic dialectic and the
rule of Practice is Aalone Standard for Checking Truth, all ideas or rules summarized by former person
(included ourself) had to proved by practice, it was available and useful to all things proven were ac-
cordant to facts and we had to be dare throwing away all things proven were not accordant to facts, that
was dare to negate Primary Person and Self in practice and practice Scientific Development Conception in
the work.

10. In the prospecting criterias, Strata, Rocks and facies meant that firstly found three main copper
hosted strata of Wadizuo member, Liuju member and Dacun member, secondly found gray fine — middle
feldspathic sandstone and gravel sandstone in gray — purple alternated zone and finally confirmed the rocks
were products of fluvial facies and stream — lake alternated facies, then mineralizing information was ac-
quired and it was possible to find copper mineralization or copper deposits. The research showed that
lithofacies — paleogeography controlled forming and distributing of sedimentary bedded deposit and also re-
stricted forming and concentrating of many metal stratabound deposits. Specially explained that did not all
exist industrial copper mineralization in all gray sandstone ( conglomerate) of fluvial facies and stream —
lake alternated facies in the basin, under the stream environment and stream — lake alternated environ-
ment, it was impossible to exist geo — chemical conditions for sediment of sulfide copper minerals with
several ten thousands to hundred thousands tons copper metal. In other word, it was not the conditions of
lithofacies — paleogeography controlled forming and distributing of Dianzhong Red — basin sandstone de-
posit, but sandstone deposit choose advantageous lithofacies conditions for sediment. Because the physi-
cal and chemical factors made mineral materials concentrating must be related to their geological environ-
ments, one paleogeographic environment controlled its geological, physical and chemical conditions of
same stage and could create the geochemical environment and boundary that could form one or several

kind of solutions were useful to concentrate mineral materials in sedimentary rock after the sediments bur-



