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Preface

Mantle plume is a new tectonic theory which is accepted by geologists in recent years. It is
considered as the third geologic revolution after the continental drift and plate tectonics. Sub-man-
tle plume and mantle branch are the second and third-grade tectonic units during the multiple evo-
lution of mantle plume. The sub-mantle plume in the east of north China basin-mountain area and
the mantle branches in eastern Hebei, Zhangjiakou-Xuanhua, Fuping, Qinling Mountains and
western Shandong are the typical areas for studying the multiple evolution of mantle plume. The
study of sub-mantle plume and mantle branch was originated from these areas. More geologists
have paid attention to these areas.

Through the convection of hot and cool mantle plumes, the material, energy and deep dy-
namic process in the crust (lithosphere), upper and lower mantle, outer and inner core within
the Earth, and the plate tectonics, continental orogeny and metallogenesis on the Earth surface
are connected with the movement of the Earth materials. This theory has become the dominant
theory for scientists to study the crust movement, magmatism, earthquake, metamorphism, metal-
logenesis, even to explore the global movement, environment vicissitude and organism evolution.

During the endless evolution of the Earth, dominated by thermal expansion and gravitational
attraction the chaos material of the early Earth began to differentiate. The melted and high density
Fe and Ni penetrated silicate materials and sank to the central of the Earth and formed the core,
and the Fe-Mg silicate materials floated up and formed the mantle. Because of the heat dispersing
and volatile escaping, the surface of the mantle gradually evolved into lithosphere. The density
differentiation and structure adjustment is successively developed.

Moreover, with the formation of layered structure and the increasing of temperature within the
Earth, great differences between the layers are existed in temperature, pressure, viscidity and
density. As the gravitational differentiation developed in the Earth, the materials would be verti-
cally adjusted through the convection of hot and cool mantle plumes. Once the high-energy materi-
al, which comes from the super critical layer between the core and mantle, participates the multi-
ple evolution system of mantle plume, it would move up with the multiple evolution of the mantle
plume, and some gaseous metallic elements would move to the mantle branch and deposit as eco-
nomic deposits in favorable structures. Take Au as an example, the boiling point of the Au is
2807 C, it is easy to move as gaseous state. Since the Mesozoic, intensive mantle plume evolu-
tion made the east of north China become a basin-mountain area and an important metallogenic
concentration area.

Mantle branch structure is a creative regional tectonic theory which was conceptualized by the
authors of this research group. It generally includes three associated geological units which are

core magmatic-metamorphic complex, surrounding detachment zone and overloaded volcano-sedi-
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mentation faulting basin. Mantle branch usually develops a series of unique faults, and they are
the major mineralization places for mantle branch structure. The core (axis) of the mantle branch
develops brittle-ductile/ductile-brittle shearing zones, or superposed faults. This can be contribu-
ted to the circumstance for the formation of magmatic-metamorphic core complex. The fracture
system includes core ductile-brittle shearing zone, secondary ductile-brittle shearing zone and ring
or radiated faults within intrusions. The surrounding detachment zone of the mantle branch devel-
ops several groups of faults, which include dominant detachment zone, secondary detachment
zone, reverse listric faults and cross extension faults. During the uplifting of the mantle branch,
the volcano-sedimentation fault basin and the fault system in subvolcanic system related with sub-
volcanic porphyritc intrusions were superposed on different tectonic units. All above faults are the
channels or concentration places for later hydrothermal fluids, and they are the favorable struc-
tures for mineralization.

During the “Tenth Five-year Plan” , the project group undertook the project of “The Compre-
hensive Study on the Metallogenesis and Ore Prospecting in North Hebei and North Taihang
Mountains” (200110200038 —1), which is a part of the project “The Comprehensive Study on
the Metallogenesis and Ore Prospecting in North China Platform” sponsored by China Bureau of
Geological Survey. During 2003 ~ 2005, we got financial support from NSFC for the project of
“Study on the Formation and Metallogenesis of Zhangjiakou-Xuanhua Mantle Branch Structure
(40272088)”. At the same time, the project group made some study on the project of “The Dy-
namic Process and Time-space Coupling of Mesozoic Structures in the East of North China
(KZCX1 -07)” sponsored by CAS. All these studies helped the project group make more under-
standings on the dynamic process and metallogenesis of Mesozoic structures in the east of north
China. By dissecting the Zhangjiakou-Xuanhua mantle branch structure, much progress has been
made by the group. More than 60 papers authored by the group members have been published in
different publications both at home and abroad, and 12 papers were published on conference con-
tributions ( among them, 17 papers were included in SCI, EI, CA ) . This publication includes
22 of these papers. The purpose of this contribution is to reflect the continental orogeny, metallo-
genesis, source of metallogenic material and environment related with mantle branch structure
from following aspects:

(1) Viewed from the counterparts of layered structure and multiple mantle plume evolution
of the Earth, the evolution of sub mantle plume-mantle branch and the formation of continental o-
rogeny in the east of north China are elaborated, and the coupling relation between basin and
mountain is discussed for this area. Taking the Zhangjiakou-Xuanhua mantle branch as an exam-
ple, the geometry, kinematics and dynamics of the mantle branch structure are studied.

' (2) On the basis of anti-gravity movement theory of metallogenetic material, it is considered
that heavy elements such as Au and Ag tend to sink to the core during gravity differentiation.
However, during the process of multiple evolution of mantle plume, they can move up as gaseous
state—gas-liquid—hydrothermal fluid. It is proposed that the upwelling mantle flow is the source

for metallogenetic material, the mantle plume or sub-mantle plume is the channel for metalloge-
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netic material to move up against the gravity, the mantle branch structure is the favorable place for
mineralization. Based on this theory, some ore prospecting were made in the deep and surround-
ing of typical mines, the ore reservation was enlarged, and the prospecting is effective.

(3) When we made study on most Au, Ag and polymetallic deposits, the studies are fo-
cused on isotope analysis of S, Pb, C, H, O, Si, He, Ar, and the chemistry and temperature of
gas-liquid inclusions except for physical study on thin sections. Study indicates that most Au, Ag
and polymetallic materials came from the deep, only has small amount of meteoric water was
mixed in the ore-forming process in upper crust structural extension zones. Metallogenetic struc-
ture is an essential one among metallogenetic factors.

(4) As a regional tectonic theory, the sub-mantle plume and mantle branch structure can be
used to explain the deep process and basin-mountain coupling in the east of north China since the
Mesozoic. The material convection and deep process of sub-mantle plume and mantle branch dom-
inant the formation and distribution of geothermal flow, the accumulation and release of the stress
energy (earthquake and volcanic activity) . Moreover, because of the uplifting of deep material
while the Au, Ag and polymetallic resources were elevated to the surface, noxious elements such
as As, F and Hg are also brought to the surface and came into the ecosystem and human body,
which could result in some diseases. So, for improving the living standard, more attention should
be paid to the quality of environment.

Much helps have been got from the Ministry of Land and Resources, Bureau of China Geo-
logical Survey, China Academy of Geoscience, Institute of Geology and Geophysics, CAS, Tian-
jin Institute of Geology and Mineral Resources, Hebei Department of Land and Resources, Shiji-
azhuang University of Economics, Hebei Bureau of Geology and Mineral Resource Exploration.
During field works, we also got helps from organizations in geology, metallurgy, nonferrous met-
als, armed police. We express our acknowledgements to them.

Special thanks are paid to academicians Li Tingdong, Chen Yuchuan, Zai Yusheng, Pei
Rongfu, Ren Jishun, and Professors Zhang Hongtao, Ye Tianzhu, Yu Haifeng, Hao Zhiguo, Lu
Guxian, Du Jianguo, Zhang Jianzhen et al. for their advises and encouragement. We also thank
to Institute of Geology and Institute of Mineral Resources in China Academy of Geoscience for
their testing work on rock and ore samples.

Although we have made much progress based on data studying and achievements summary
through field and laboratory works, these are only preliminary understandings. Because the short-
age of exploration investment in past decade, many favorable target area are not verified, some

basic understandings are imperfect. Any criticisms are welcome.
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