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EXPERIMENTAL STUDIES ON THE MECHANISM
OF THE FORMATION OF SKARNS AND
SKARN ORE DEPOSITS IN CHINA

Liang Xiangji
(Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 100037)

ABSTRACT

This book is a systematic summing-up of the experimental studies of skams and skarn ore deposits
that the author has engaged in for more than 30 years. It is the latest monograph of studying the genetic
mechanism of skarns and skam ore deposits.

The author has persisted in combining field work with experimental studies closely for more than
30 years. He has participated in intensive investigations of 18 different types of typical and representa-
tive ore deposits in China, e.g. skam ore deposits of intrusive contact metasomatic type (the contact
zone of the Panzhihua iron deposit in Sichuan, Makeng iron deposit in Fujian, Baimangshan and Bao-
cun gold deposits in Tongling of Anhui, Daye iron deposit in Hubei, Shizhuyuan W, Mo, Sn and Bi
polymetallic deposit in Hunan and Jianshan iron deposit in Guangdong), skarn ore deposits of volcanic
exhalative-hydrothermal metasomatic type (formed by reaction of volcanic gas and hydrothermal fluids
with volcanic rocks including subvolcanic rocks) (Chihai and Yamansu iron deposits in Xinjiang and
Huangang iron deposit in Inner Mongolia), skarn ore deposits of stratabound metamorphosed sedimen-
tary metasomatic type ( Dongguashan, Datuanshan and Laoyaling gold deposits in Tongling of Anhui,
Shilu iron deposit in Hainan and Mengjiagang iron deposit in Heilongjiang) and skam ore deposits of
metamorphic-migmatized metasomatic type (Ximashan and Tianbaoshan iron deposits in Heilongjiang
and Tongbaishan iron deposit in Henan) . On that basis the author has summarized the geological ba-
sis for experiments on the above-mentioned ore deposits. According to the geological basis, the author
has carried out mearly 6000 experiments of metasomatism.

All of the experiments were performed in quick-quenching apparatus at high temperatures and
high pressures. Exnerimental samples were collected from natural intrusive rocks, volcanic rocks, se-
dimentary rocks, metamorphic rocks and migmatites in the above-mentioned 18 ore deposits or dis-
tricts. Experimental reactive sloutions were simulatedly prepared from chemical reagents according to the
compositions of mineral inclusions, volatile constituents of rocks and minerals, composition of volcanic
gas and hydrothermal solutions, and compositions of metamorphic and migmatization fluids in the ore
deposits. Expermental starting materials and reactive solutions were sealed in gold or silver capsules,
and placed in reactive cavities of high-pressure vessels which were situated in the constant temperature
areas of experimental furnaces. Experimental temperatures were controlled by automatic fine temperature
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controllers TWK-703 ( error wintin 1° C) . Experimental pressures were read from manome-
ters. Experimental products were studied under the microscope and by x-ray analysis. More than 70000
reliable expertmental data were obtained. |

Experimental results show that the author has made a breakthrough in experimental studies of
skamns and skam ore deposits. They have not only broken away from the monogenetic view of skams
and skarn ore deposils and revealed the polygenetic mechanism of skarns and skam ore deposits,
but also furnished strong evidence for the establishmant of new concepts and theories on the origin of
the skam type of rocks and ore deposits, and widened the field of vision for looking for the same major
commercial type of ore deposits in the world.

The author’s more than 6000 experiments have proved the following ;

(1) Skams and skamn ore deposits can be formed not only by contact metasomatism of intermed;-
ate-acid rocks with carbonate rocks, but also by contact metasomatism of basic-ultrabasic rocks with
carbonate rocks, metasomatism of volcanic gas-hydrothermal solutions with volcanic rocks (subvolcanic
rocks) , stratabound metamorphosed sedimentary metasomatism and metamorphic-migmatized metasoma-
tism as well as the syntax-mixing crystallization differentiation of alkali-rich intermadiate-basic and in-
termediate-acid magmas with limestones ( or dolomitic limestones ).

(2) No matte what type and composition of rocks are and no matter what stractural location, con-
lact zone or interformational unconformity discontinuity surface, junction surface and facies change sur-
face a single type or multiple type of rocks lie in, so long as the five material components Si, Al,
Ca, Mg and Fe are present and Si0;: ALO;: Ca0: MgO: Fe, 05 (total) ( including FeO calculated as
Fe,0;) = (30~50) : (10~ 15) : (30~40) : (3~6), skans and skam ore deposits can be
formed by metasomatism in the presence of hydrothermal fluids containing CO,-, Cl- and F -bearing
volatiles and K and Na with pH=2.0~11.0 , in weak redox environments at 265 ~ 750°C and 200
x 10° ~ 2000 x 10° Pa, or by crystallization of skam magmas separated by syntax and mixing of alkali-
rich intermediate-basic and intermediate-acid magmas with limestones (or dolomitic limestones) at 850
~ 1300°C and 3000 x 10° ~ 6000 x 10° Pa. If the concentrations of the ore-forming elements in rocks
or hydrothermal fluids or skam magmas are high enough to form ores, the ore-forming elements will
precipitate and form skarn ore deposits concomitant with the occurrence of skams.

(3) Skam is a metasomatic rock rather than a metamorphic rock. It is a goelogic body composed
of the chracteristic and typomorphic, metasomatic, paragenetic minerals andradite, grossular, heden-
bergite, diopsite, tremolite, wollastonile, vesuvianite, monticellite, scapolite, melilite, humite
etc. formed by metasomatism ( including contact metasomatism, outometasomatism, diffusive metaso-
matism, infiltration metasomatism etc. ) of Si-, Al-, Ca-, Mg- and Fe- bearing rocks (one type or
multiple types of rocks) , or rocks and fluids (containing some elements of the elements Si, Al, Ca,
Mg and Fe that the rocks lack in the presence of hydrothermal solutions (including hydrothermal solu-
tions volcanin exhalative-hydrothermal solutions, subsurface cirulated hydrothermal solutions, metamor-
phic and migmatized hydrothermal solutions etc.) , in weak redox environments at 265 ~ 750°C and
200 x 10° ~ 2000 x 10° Pa, or by crystallization of skam magma at 850 ~ 1300°C aud 3000 x 10° ~
6000 x 10° Pa.
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(4) According to the theory on the formation of the metasomatic column (skam) advanced by
Korzhinskii D.S. (1995), the famous ore geologist of the former USSR, generally, the chemical re-
actions in the formation of a metlasomatic column are not in equilibrium or reversible , but as far as a
small local mass in the column is concerned , these reactions may be regarded as equilibrium prod-
ucts. The author conducted experiments by using natural rocks from the mines as starting materials. In
the experiments, the paragenetic assemblage of metasomatic minerals was formede which are not equi-
librium products, but coincide with the paragenetic assemllage of skarn minerals in the mines. The au-
thor also performed experiments of the equilibrium system on the small local masses in the metasomatic
columns of the mines. The resulting paragenetic minerals of the experiments also accord with the phase

rule and topology. These experimental results more closely approximate the geolgical fact.
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