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Preface

Tianchi Volcano produced one of the two largest explosive eruptions in the world
during the past 2 thousand years. This powerful volcanic event (called the “Millennium
Eruption”) and its deposits have been the focus of many volcanological studies in recent
decades. Moreover, the 2002-2005 volcanic unrest at Tianchi was well monitored by the
Changbaishan Volcano Observatory established in 1999. Consequently, the greatly increased
data now available have attracted much scientific attention, arguably making Tianchi the
best-known of China’s geologically young volcanoes.

This volume, composed of 7 chapters, synthesizes the results of recent volcanological
and volcanic-monitoring studies of Tianchi, including my own geological research of this
volcano over two decades. The first four chapters of the book summarize regional tectonic
setting, geologic and volcanic features, and eruptive history of Tianchi and neighboring
volcanoes. The remaining three chapters emphasize the present state of Tianchi, with
particular focus on the caldera lake, the magmatic and geothermal systems beneath the
volcano. Collectively, the integrated data on the volcano’s eruptive history and current
behavior provide the scientific basis to assess possible future eruptive activity and associated
hazardous impacts. This book can serve as a comprehensive reference work for postgraduate
students to understand the modern volcanological research and its applications, as well
as for other scientists to pursue in depth specialized topics relevant to Tianchi Volcano.
However, I also wish to stress that the information in this book could, and should, be used to
best advantage by the emergency-management officials and the general public in the Tianchi
region in the development of long-term programs to reduce risks from potential volcanic
hazards. A more detailed summary of the contents of this volume is elaborated below.

In the book’s first chapter, the development and history of Holocene volcanism in
Changbaishan area—involving Tianchi, Wangtiane, and Baotaishan Volcanoes—are
introduced first. Then the main features of the basaltic shield, trachyte cone, and ignimbrite
sheet are described in detail, including the latest systematic geochronometric and stratigraphic
studies on Tianchi Volcano. Chapter two deals mainly with the regional tectonics related
to Tianchi Volcano and some specific features of the volcano’s structures and depositional
facies, such as the Changbaishan magma prism, NW-trending volcanic belt, and the deep
earthquake zone of Hunchun-Sea of Japan. All of these features are related to the basaltic
volcanism on the Gaima Plateau, and are described in detail for the reader to understand the
geologic and dynamic setting of Tianchi Volcano. The depositional sequences of the inner
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caldera, subvolcanics, and smaller-scale variations in facies of different types of eruptions are
considered. Chapter 3 describes the geochemical variations observed in Tianchi’s eruptive
products. Within the context of the evolution from shield-building activity to construction of
the composite-cone, I present the latest analytical data on systematically collected samples, as
well as a detailed discussion of differentiation and magma -mixing processes that characterize
of the individual depositional series. For Tianchi Volcano there exists two series of co-existing
alkaline and sub-alkaline magma, and it is the “contemporaneous”, but not “bi-modal”,
evolutionary trends of these two magma series that provide constraints in understanding
of deep magmatic processes beneath Tianchi Volcano. The magmatic genesis inferred
from mineral compositions, trace element and isotopic data accords also with a dynamical
model of upwelling mantle material, which may be related to the subduction of the western
Pacific plate. Chapter 4 focuses on the physical processes related to the powerful explosive
Millennium Eruption of Tianchi Volcano. This chapter contains the first published inferences
of the depositional dynamics of the emplacement of various genetic types of the deposits
from the Millennium Eruption, providing qualitative systematic parameters for the physical
processes operating within the magma chamber and conduit system of Tianchi Volcano. At
the end of the chapter, the results of a preliminary simulation experiment of the operative
subsurface dynamic processes involving different magmas beneath Tianchi are presented.

Chapter 5 of this book mainly elaborates the structural and thermal characteristics
of Tianchi’s magma chamber and hydrothermal system. Here I first propose a general
theoretical model of a magma body and enveloping hydrothermal system of an assumed size
and configuration. Then I validate the model using seismological data and the geochemistry
of the spring fluids. This model serves as a basis for assessing the volcanic hazards from
possible future eruptions at the volcano, which is the focus of the next chapters of 6 and 7.
The entire contents of chapter 6 describe potential hazardous surface processes at Tianchi.
The processes of weathering, erosion, transportation, and deposition of fragments on the
surface during the intermittent periods of eruption are first discussed. Then the timing and
local, differing relief for the known lahars around Tianchi are discussed. By the end of
this chapter, the consequences of a seiche originating in the caldera lake and the possible
overflow processes along the Erdao river are considered.

Chapter 7 directly addresses the problems of potential volcanic hazards posed by
Tianchi Voleano. Within the context of the eruptive history and present state of Tianchi,
this chapter starts with the consideration of the main types of possible volcanic hazards,
the impact areas and intensities of these hazards, treating the mechanisms of the “fire”
and “water” hazards separately. After a preliminary description of the volcano-monitoring
networks and past events of Tianchi Volcano, combined with volcano unrest in recent



decades, I discuss the present state and mechanism of the volcanic activity based on a
constant rate model of magma replenishment. By the end of this chapter, I conclude that man
should coexist with volcanoes. Regardless of the evolution of nature and mankind, or of the
preservation of the culture and resources, or of reducing risk from volcanic hazards, I hope
that Tianchi Volcano will get along with humankind in the 21 Century.

Some of the data and ideas contained in this book have their origin in the field and
laboratory studies that I myself have conducted at Tianchi Volcano for the last two decades.
However, in the process of composing this book, I have incorporated the contributions and
ideas of many scientific colleagues, both abroad and at home. Moreover, it should be noted
that the book includes important new data obtained from the continuing volcanological study
projects, supported by the China Earthquake Administration (CEA). Although not explicitly
mentioned in the book, I hope that readers of this volume will gain their own particular insights
and interpretations from the information presented, to refine our understanding of the physical
and chemical processes that govern Tianchi Volcano. Thus, for both spurring further scientific
research or the development of strategies to reduce volcano risk, it is my wish that this book can
be used as a “guide” by involved scientists, government officials, and the general public at risk.

Many people, organizations, and institutions have directly or indirectly contributed to
the production of this book. First and foremost, I want to express my huge appreciation to
Prof. Jin Bolu for his endless inspiration, enthusiastic support, and critical help during our
collaborative studies of Tianchi Volcano. I am greatly indebted to my supervisors, Professors
Sun Shanping and Li Jiazhen, for their invaluable tutoring me in my academic work, and
beginning my volcanological training. Prof. Liu Ruoxin was instrumental in furthering my
volcanological experience by providing me opportunities for systematic and professional
work on the volcanoes of China. My grateful acknowledgements also go to the leaders in
CEA for their support and encouragement over the years, particularly to the directors Li
Ming, Wu Jianchun, Wu Shugui, Li Ke and Wu Weimin, and to the section chiefs Wang Fei,
Chen Feng, Liu Guiping and Tian Liu. Without the steadfast trust and confidence placed in
me by the CEA, conducting my research on Tianchi would have been much more difficult,
perhaps impossible. I also sincerely thank the staff and my colleagues of the Institute of
Geology of CEA for providing the cooperative and stimulating work environment under
which I have been transforming scientific ideas into published research results. Thanks also
go to my colleagues and friends of the Jilin Earthquake Administration, Geological Bureau
of Jilin, and Tianchi Volcano Observatory for providing much appreciated assistance during
my field work on the volcano.

Some notable colleagues and friends have made indirect but most important contributions
to this book. I am particularly indebted to the late Prof. G. P. L. Walker—Great Britain’s



internationally renowned volcanologist (“guru”)—who tutored me in the field methods of
mapping volcanic deposits and interpretations of their mode of emplacement. Also highly
influential in shaping my volcanological experience was Prof. R. S. J. Sparks (University of
Bristol), who secured me a visiting scholarship from the Royal Society, which enabled me to
conduct volcanological work in a productive environment in a most excellent research center.
I also gained much from interactions with two Chinese colleagues: the late famous Chinese
geologist, Shenshu Sun, with whom I shared many unforgettable memories in doing science;
and Prof. Ming Zhang, who in the late 1980s introduced me to a review paper “physical
processes of volcanic eruption,” which placed me on the road to volcanological research.

I also wish to express deep thanks to members of my family. When I was a child, my
parents taught me to be honest and to do everything in earnest; their teachings have guided
me well in pursuing my career and advocation to reducing risks from volcanic hazards.
My wife, Ms. Zhu Shuyue, who has assumed most of the responsibilities and doing most
of the work in running our household, has made it possible for me to focus heavily on my
career. I dedicate this book to Zhu Shuyue for her unwavering support, help, and patience
over the years. My son, who got his interesting employment, has been highly supportive and
understanding while I worked on the book.

Finally, I wish to acknowledge the assistance of a number of colleagues that directly
contributed to the publication of this volume. In particular, Prof. Jin Bolu read carefully
and modified some of the key content of the relevant chapters, materially improving their
presentation and clarity. Other colleagues who made specific contributions to various
chapters of the book are listed below with thanks: Gao Ling, Jin Jinyu, Sun Chungiang,
Liu Qiang, Chen Xiaowen, Chen Zhengquan, Yang Qingfu, Pan Xiaodong, Liu Guoming
and Liu Yongshun. I deeply appreciate all of these contributions. The contents of this book
include some data and results of state volcanic research projects supported by CEA (95-11-
03-02-01, 2001BA601B06-01-4, 2002DIA20009-20, 8-27-7) and from the Natural Science
Foundation of China (49102020, 40172033, 41172304). Funding for actual publication came
from the Union Foundation of CEA (506003). I am particularly grateful for the first financial
support I received from NSFC in 1991, which allowed me to clearly frame the course of
my subsequent and continuing research to the present. In closing, I want to emphasize that,
while this volume highlights important advances in our understanding of the past and current
activity of Tianchi Volcano, much remains to be learned. Nonetheless, this book, updated
from a manuscript mostly completed by 2010, marks an important step forward.
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