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GYPSUM KARST IN CHINA
Lu Yaoru & Anthony H.Cooper

Abstract

The People’s Republic of China has the largest gypsum resources in the world and a long
history of their exploiaton. The gvpsum deposits range in age from Pre-Cambrian to Quatemary
and their genesis includes marine, lacustrine, thermal (volcanic and metasomatic), meramorphic
and secondary deposits. The gypsum is commonly associated with other soluble rocks such as car-
honares and salt. These peological conditions, regional climate differences and tectonic sening
strongly influence the karstification process resulting in several karst types in China. Well develo-
ped gypsum palacokarst and some modern gypsum karst is present in the Fengfeng Formation
(Ordovician) gypsum of the Shanxi and Hebei Provinces. Collapse columns filled with hreccia
emanate upwards from this karst and affect the overlving coalfiekls causing difficult and hazardous
mining conditions. Gypsum karst 15 also recorded in the middle Cambrian strata of Guizhou
Province and the Triassic strata of Guidhou and Sichuan Provinces. Gypsum-salt ke karst has
develuped in the Pleistocent w Recent enclosed hasin deposits within the Qinghai-Xizang (Tibet)
Platesu.

Introduction

Gypsum (CaSO . 2H,0) and anhydrite (CaS0y) are important industrial minerals in The
People's Republic of China which has the world's fargest reserves and second lingest annual pro-
duction (Chinese Institute of Geology and Mineral Resources, 1993), The rapid dissolution of
gvpsum causes karst to develop quickly (Lu Yaoru eral., 1966) and commonly results in geological
lazards such as collapse, land subsidence and degraded and polluted warer (Lu Yaoru, 1966),
These harards are economically important and cause difficult mining conditions, difficult con-
struction and urban development, Anthropogenic activity, construction and development may
enhance gypsum dissolution and karst formation aggravating the geohazards, Therefore, the study
of gypsum karst is of practical significance.

The distribution ane nature of the gypsum karst types in China is dependent on the disteibu-
tion and genesis of the original gypsum deposits, their associated rocks and the local hydrological
regime. Gypsum karst is particularly well-developed in the Ordovician gypsum of Shanxi and
Hebei provinces where geological hazards associated with it have important consequences for
coal mining, Gypsum karst is also developed in the Cambrian strata of Guizhou Province and the
Triassic strata of Guizhou and Sichuan provinces, Enclosed drainage basins in the Qinghai-Xizang
(Tibety Plweau have extensive deposits of gypsum and other more soluble sulphates in which
smiall-scale karst features have developed. Elsewhere in China, although gypsum is known to exist,
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Fig. 1. Map showing the age and distribution of the main genetic types of gypsum in Ching. |, Cambrian
rwrine gypsun; 2 Ordovician marine gypsum; 3. Triassic nmaine gypsum; 4. Carboniferous marine gypsun;
5. Cretaceous bcustrine gypsumy, O, Tertiry custrine gepsum; 7. Late Tertiam-Ouaternry Lcustrine
gvpsum; 8 Thermal and mesmorphic gypsom (tepical localities); 9.5econdary deposits of gypsum produ-
ceel by karstification (tvpical localitiesy; 10, Coal mining areas alfected by collapse columns caused by
gepsum dissolution,  Abbreviations for province names: An-anbui, G-Gansa, Gg-Guangdong, Gi-Guangsi,
Gu-Guizhou, H-Henan, Hb-Hebei, Ha-Hunan, Hu-Hubei, IM-Inner Mongolia, Ni-Ningxia,  Qi-Qinghai, 5g-
shandong, sh-Shansi, sx-Sheansi, X-Xinjung. Xi-Xiang (Tibet),

the gepsum karst fearures are not widely described and constitute an interesting area for future
rescarch, This paper seeks o document and review briclly the main developments of gypsum
karst in Chin,

1. The genetic types and distribution of gypsum in China

Gypsum occurs in most of the provinces and antanomous regions of China. It is an important
mineral resource that is widely mined and 90 percent of Chinese production comes lram
Shandong, Inner Mongolia, Qinghai, Hunan, Ningsia, Xizang, Anhui and Sichuan. The gypsum was
formed in many different geological conditions which include: marine, Bicustring, thermal {volca
nic and mewasomaticy, metamorphic, karst and other secondary processes (Lo Zhicheng, 1981
Tao Weiping, 19810, The simplificd distibution, age and genesis of the main gypsum types in
China are shown in Fig, 1 {Lu Yaoru, 1986, 1993; Chinese Institute of Geology and Mineral
Resources, 193],
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Stratigraphical sequence of the karst aquifers of Shanxi Province

(based on Zhang Shooquan, 1989, and Sha (ingan el al., 1989}
Age Frormation Lithology Thickness | Hydrological
() propertics
Thick Timestones and marls 20-70 aquiter
Fengleng Dralomite and marly limestone | 36-152 mslerate
with gypsum and breccia aquifer
Limestone, marl and dolomite | 150-2(K) main agquiter
Shung
Middle Majiagou Dolomile, marl, breceiated i0-50 confinin g
Ordovician limestone and gypsum bl
Thick limestones and 0-130 auifer
Aia dolomites
Majizgou Dolemitic mudstone and marl, | 30-50 confining bed
sandy near base
Lingjiashan | Dolomite and marl 75- 150 weik aguifer
Lower
Ordovicin | Yeli Marly dolomiie and limestone | 30-60 conlining bed

2. Gypsum karst in Shanxi Province and surrounding areas

In Shanxi Province gypsum is present mainly in the Ordovician Fengfeng Formation, but also
to a lesser extent in the underlying Shang Majiagou Formation; below this lie the dolomites and
marls of the Xia Majiagou, Liangjiashan and Yeli Formations (Table). The Fengfeng, Shang
Majiagou and Xia Majiagou formations are the main aquifers in the region. The Fengleng
Formation contains up to about 60 percent of secondary gypsum, present as thick massive heds,
nodular gypsum and gvpsum interbedded with mudstone and dolomite (Sha Qingan etal, 19589,
The Shang Majiagou Formation also contains some gypsum and is the major regional aquifer. In
the Tiejingou deposit near Yangquan the Fengfeng Formation ranges in thickness from several
tens 1o more than ong hundred megres.

The current tectonic setiing of the Fengfeng Formation has largely resulted from regional
uplift and subsicdence. Four belts can be recognised: an castern plain at less than 50m ahove sea
level, the Huabei Pinguan, extending into Hehel Province; the Taihang Shan mountains rising o
2000m; the main basin of the Shanxi Coalfield at 500-1200m above sea level; the Liiliang Shan
mountaing to the west of the coalfield rising 10 about 2800m above sea level. Within this part of
China the rainfall is about 460mm per vear with very high evaporation (Wei Keqio etal., 1989) so
most of the active gypsum dissolution heee comes from river seepage and groundwater Row
(#hang Shougquan, 1989 Pan Shulan, 1989, Some active pypsum dissolution is evidenced by the
presence of sulphate in groundwater from springs, such as the Jinci Spring, situated along the
faulted western margin of the Shanxi basin (Fig. 2). However, most of the gypsum karst is
palacokarst that has been uphited or has subsided w0 its present hydrological position, The most
impressive karst features are the collapse columns or breccia pipes that have developed in the
Fengfeng Formation afier the dissalution of massive gypsum and the collapse of the associated
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caves (Zhang Zhigan, 1982), The resultnt collapse columns can be farge, reaching many tens of
metres in diameter and penetrating upwards through 50-500m of overlving strata (Figs 4 and 6)
(Qian Xuepu, 1988). In addition to the massive collapse columns, the dissolution of gypsum and
collapse of interbedded gypsum and carbonate straa has resulted in the formation of breccia
layers that are commonly re<emented with carbonate (Zhang Fengi and Han Zingrui, 1983).

Boreholes in the Shanxi Coalfield basin show that anhydrite is generally present at depths of
more than B00-1000m:; it passes rerally up-dip ino straa with gypsum. This in tum passes up-dip
incey gypsum karst breccias and collapse columns that, depending on the hvdrological regime, are
present from depths of about 300-600m 1o surface (Han Xingrui, 1991). The contral of the
gypsum karst by depth is responsible for the concentration of the coal mines with gypsum colla-
pse columns around the margins of the coalfield in the Taiyuan, Huoxian and Yangguan mining
areas (Fig. 2).

Several intervals of karstification have affected the gypsum of the Fengfeng Formation. In the
Taihang Shan mountains, along the eastern side of the Shansi Plateau, inclined collapse columns
are present, hut they have 3 perpendicular relationship with the associaed stra. The inclination
is assigned ter the Yanshanian-Himalavan earth movements during the eady Mesoznic, implying
that much of the karstification predared that inerval (Zhang Zhigan, 1980 Han Xingrui, 1991},
These earth movements have been largely responsible for the uplift and subsidence of the
eyvpsum karst so that collapse columns are nosy found at elevations of 700m ahove sea level in the
Shanxi Plateau and depths of 700m helow sea level inthe Hebei Flane (Fig. 3). Subsequent karstifi-
cation of the Shansi Plateau and areas 1o the west was developed in the early Pleistocene when
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Fig. 3. Yariations in the morphology and situation of collapse columns formed by the dissolution of
Oredewician gypsum in the coallields of nonhem Ching. The alitude varation of the different localities
shows the effect of later tectonic actviry, Collapse columns that reach the surface: A Yangguan, Shansi: B,
Nianghiguan, Shansi; C, Jingjing Mo 5 Fit, Hebei. Collapse columns that only gecur in the subsurface; 1)
Jingjing %o 1 Pir, Hebei; B Fengfeng No 9 Pin, Henan; G, Jingjing No 1Rt Hebei. Geological explanations:
1. carbomate rocks 2 beeccia in carbonate rock: 3. shale and sandstone; 4. coal and chstic rock; 5. Gults; B,
collapsed column; 7. conjectural boundary of collapsed column; 8 palaeokarst surface hetween the
Ohrcdoncian Fengfeng Formation (O20) and the Carboniferous (C2).

the water table was locally much higher, However, the area has now been uplified further and the
gypsum karst exists in the current vadose zone (Fig, 4), Within the Fengfeng Formation large
palaeokarst caves, situated in the present vadose zone, have collapsed and are filled with breceia,
Some of the collapse columns, such as those in the Nanyuan Mine of the Huo Xian area, are of
Quaternary age (Qian Xuepu, 1988), and karst fissures are siill undergoing dissolution and enlar-
gement where there is active water flow,

3. Gypsum karst in Hebei Province

The gypsum karst of the Hebei Province forms an eastwards continustion of that seen in
shanxi Provinee. Collapse columns are present in the southern part of the Yan Shan mountains
and in the coal mining area of the low-lving coastal plane where they cause mining difficulries
{Fig. 3). At the Fangezhuang Coal Mine, 25 km ENE of Tangshan (150km ESE of Beijing) o hrecci
pipe filled with water-bearing collapse deposits was proved, It penetrated maore than 300m
upwards into the coal sequences from the underlying Ordovician carbonates and gypsum and had
an open cavity at the 1op (Fig. 5). This palaeokarst structure allowed up 1o 12ms of water w
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Fig. 4. The evolution of the gypsum karst in the
Fengfeng Formation i Ordoviciany gypsum of
Shanxi Province, I The early karsuficaion stge
fearly Pleistocene: 11 The recent karstilication
stage (post micdle Pleistocened; 1. gepsum in the
Ordovician Fengleng Formation; 2. carbomne
roacks: 3 gypsun interbedded with the carbonare
rocks: 4. brecen i the carbonae mocks; 3. early
karst vave passage in gypsums 6. karse collapse
column and brecci; laer kaesufied cave-passape
system i carhonate rocks; 8. early groundwager
table i gypsum; 2 recem karst groundwster rhle
in carhonate rocks; 10 karst spring; O2F Fengfeng
Forrmation; O2m Majiagou Formation,
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[ood the mine. The toral amount of karst water that entered the mine over three months was
about 46 million cubic metres (Qian Xuepu, 1988) and surface collapses were associated with the
dewatering. The Jingjing mine of west Hebet has also suffered serious water inrushes from
encountering karst collapse columns,

4. Gypsum karst in Sichuan Province

Within the south-castern part of Sichuan Province a thick collapse hreceia afier gypsum disso-
lution is present in the fialingjiang “Series™ of Triassic age. Brecom-filled collapse columns ranging
from several to 60m in diameter have developed and migrated upwards into the overlying Jurassic
coul measures. These collapse columns have penetrated several coal seams and cause difficult
mining conditions in Hechuan County (Qian Xuepu, 1988).

5. Gypsum karst in other areas of northern China

In addition 1o the gypsum karst documented in Shanxi, Hebei and Sichuan Provinees, karst
collapse columns are also developed in Shangdong, Inner Mongolia, Shaang, Henan and Jiangsu
(Xiang Shijun, 1993: Liu Qiren cr al,, 1996). Like those in Shanxi Provinee, the collapse columns
range from tens o several hundreds of metres across, and can be tens 1o hundreds of metres
high. Stratigraphically they have been caused by the dissolution of Cambrian, Ordovician, and
Triassic gypsum. The collapse columns penetrte the overving steata of Cambrdan, Ordovician,
Carboniferous, Permian and Trigssic age and locally cause hazardous mining conditions (Wang
Rui, 1982; Li Jinkar and Zhou Wangang, 1988},
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Fig. % Cross-section through o Liege collapse
column filled with breceia an the Fangezhuan
Mine near Tangshan,

1- Permian Shanxi Formation:

- carbomate rocks;

3- carbonate rocks with gypsum;

4= manelstone and shile;

Scollapse column showing wirious slages of |
its upwardd progression;

G-palacokarst  horizon hetween  the|
Ordovician and Carbonilerous sequences,

B dlirection of water flow,

9- horeholes,

Compiled from borehole data of the Burea
of Baihuan Mine (Xiang Shijun et al., 1993, Lio
ren e al, 1996),

6. Gypsum karst in Guizhou Province

In South Ching sub-tropical cimatie conditions have existed for a long time,  Within the
Suivang area, situated 10 the north of Guizhou Province, there is 4 mixed limestone and gypsum
karst developed in the Middle Cambrian Shilengshui Formation of the Luoshanguan Group. In the
Shilengshui Formation, thick and medium beds of gypsum tonal more that 10m in thickness. Both
the gypsum and the carbonates have heen karstified for a pralonged period, and gypsum within
an area of 5 km hy 3 km has largely dissolved. Some of the gypsum has subsequemly heen rede-
pewsited as secondary gypsum in the vidose zone of the Shigao Dong Cave teveloped in the carbi-
nates of the Luoshanguan Group. Shigao means gypsum in Chinese, and the secondary gypsum
deposits here have been exploited by the local people for more than one hundred years.

Guizhou Province has well-developed Fenglin (cone) karst in the Triassic limestone sequen-
ces, but gypsum is also present, Near to Puding (about 90km SW of Guivang and 20k west-
north-west of Anshun) there s a mixed gypsum and limestone karst developed in the Middle
Triassic Guanling and Yingling Formations, The Yingling Formation is the lowest, and contains up
tor 1m of gypsum and breceia beds in units up 1o L3m thick, The overlying Guanling Formation
includes some gypsum, but also breceia after gypsum dissolution. The Huoshipo Dam here has
suffered serious leakage through the gypsom karst heneath it (Hu Wuzhou, 1988; Lu Yaoru and
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Fig. 6. Gapsum deposited in the Chaidamu Basin of Qinghai: | - recent salt water lake; 2 -Early Pleistocene
gvpsum deposits; 3- Late Pleistocens gypsum deposits.

Cooper, in press). The Yangmarhai Reservoir near Langdai and the Mahuangtian Reservoir near
Guanling alsa have similar leakage problems (Hu Wazhou, 1988).

7. The gypsum-salt lake karst of the Qinghai-Xizang Plateau

In the Qinghai-Xizang (Tibet) Plateau and in Northwest China there are a number of enclosed
saline basins with salt lakes containing sulphate-rich water. Analyses of the lake warers (Lu Yaoru
1956, 1996; Zhang Xivu, 1988) shows thar they have concentrations of sulphate between 2,332
90,610 ppm in the Xizang Plateau lakes and 20-37 440 ppm in the Chaidamu Basin of Qinghai,
Within these lake basins deposits of gypsum are associated with comples soluble sulphate sals of
Ma, Mp, K, and Ca including thenardite, mirahilite, epsomite, syngenite and hyvdroglauberite,
During the wet season small-scale karst phenomena form rapidly in the gvpsum and other salts
which as they are dissolved; these salis get redeposited later during the dry evaparitic season. In
addition to the annual climatic variation, uplift of the Qinghai-Xizang Plateau since the Quaternary
has affected the climate and reduced the precipitation. This has caused the initially large salt lakes,
such as the Chaidamu Basin. to dry out considerably so that anly small salt lakes now exist (Fig.
6). Within this basin extensive layered gypsum deposits of Pleistocene age are present and these
have developed gypsum karse features which include corroded Mutes, fssures with a few small
caves and passages which readily collapse.

8. Thermal and biogenetic-chemical gypsum karst

Thermal (volcanic and metasomatic) and hiogenetic-chemical gypsum are minor components
of the Chinese gypsum karst. Gypsum of thermal origin occurs as replacement depaosits, an exam-
ple being the Dave gypsum deposit in Hubel Province. Gypsum of volcanic origin occurs in the
Ma'an Shan gypsum deposic in Anhui Province. In areas of hydrothermal activity, hot deeply circu-
lating groundwater can corrode the gypsum depaosits and develop thermal karst features, There
are muany sulphate-rich geothermal springs, such as the Chongging spring, (30km west of
Chengdu, Sichuan Provinee) emanating from the Triassic carbonate and gypsum rocks, In the



GYPSUM KARST IN CHINA 305

south of Sichuan Province there are Tertiary deposits of native sulphur associated with carbonates
and gypsum. These deposits were formed by bingenic processes acting on gypsum and have karest
holes, small caves and passages associated with them.
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