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Abstract

Volecanic rocks are considered as a window. which could provide the insights into the
Earth’s interior. Thus a considerable progress research of their isotopic geochronology and
geochemistry was made during last twenty ycars. formed a frontier field for study of litho-
spheric and continental dynmamics, and opened a new relatively independent way to under-
standing the Earth’s interior.

For the purpose of studying the regularities of oil and gas generation and accumulation,
a comprehensive and systematic research of geochronology, geochemistry, and tectonic set-
ting of Cenozoic voleanic rocks has been undertaken in West Liaoning and its adjacent areas
under the auspices of Chen Yixian, Chief geologist, Liache Petroleum Exploring Bureau. The
book is formulated just on the basis of 2 systematic summarizing of the above-mentioned re-
search resulits,

The region studied (West Liaoning and its adjacent areas) consists of western Lizoning
(mainly the western area of Yilan-Yitong-Tanlu fault zone), southeastern part of Nei Mon-
gol Autonomous Region, and southwestern part of Jilin Province. The study region covers a
wide area, from east of Linxi-Weichang line to west of Yingkou-Anshan-Fushun line and
south of Shanhaiguan Pass, with an area of about 30000km® in total. The region is compli-
cated in geological structure, however, it is rich in mineral resources, such as the famous
Liaohe il Field lies in the region. The Mesczoic-Cenozoic tectonic movements were fre-
quent, volcanic activities were intensive, and the process of formation and evolution of basius
is complex. These tectonic activities also provided material sources and tectonic space for
formation of various mineral resources and oil-gas fields. Therefore, the research is of great
sctentific significance in understanding of the characteristics of temporal-spatial distribution
and migration of Mesozoic volcanic rocks, features of crustal and upper mantle source re-
gions, and tectonic settings, and hence in further understanding of geotectonic framewark of
the region, especially the Mesozoic-Cenozoic tectonic framework, the relationship between
tectonics and basin formation, as well as the process of oil-gas formation and accumulation.
Meanwhile, since the volcanic rocks appear to be a product of rapid eruption, cooling, and
consolidation of deep magma on the surface, they are of evident significance in stratigraphical
chronology. Therefore, construction and improvement of geochronology of volcanism and
stratigraphic sequence are also another important purpose.

On the basis of predecessor’s works, a complete and systematically summarizing of the
investigation results of geochronology. geochemistry, and tectonic setting for Mesozoic vol-
canic rocks in West Liaoning and its adjacent areas is made in the book. The isotopic

geochronological and geachemical approaches are employed to directly determine the age of



the volcanic rocks, and to study the characteristics of crustal and mantie source regions. In
this study . the interdisciplinary approach and multi-dimensional constraint have been empha-
sized. As in geachronological study of volcanic rocks, multiple radiodecay systems (1. e. K-
Ar and YAr-"Ar, Rb-Sr and U-Pb methods) were used in comparison and constraint of data
to each other and various isochron processing methods were adopted to enhance the credibili-
ty of age data of the volcanic rocks. In isotopic geochemical study. an isotopic mapping. Sr-
Nd-Pb isotope contour mapping, and multi-dimensional topological analysis method were
used to clarify a continuous temparal-spatial evolutivn process of source region for the vol-
canic rocks in the region from Mesozoic to Cenozoic time. This essentially provides just an
epitome of the deep reconstruction process after block fitting in eastern China completed in
the Mesozoic. Under the contrelling effec of a unified deep process in the crust and mantle,
each stage and every region have shown its own specific characteristics, and distinct regulari-
ties in temporal-spatial distribution.

On the basis of understanding of characteristics of different isotopic dating methods (for
the Mesozoic-Cenozoic volcanic rocks), we have selectively used K-Ar, *Ar-*Ar, and Rb-5r
isochron techniques and U-Ph dating method for single minerals to determine the age of the
Mesozoic voleanic rocks, Considering the less freshness of Mesozoic voleanic rocks thar the
Cenozoic. more complicated their components, aud the lower apparent age in general, we
have used many different isochron techniques of age data, the age data sets of rock samples
which are different in apparent age but collected from same site with comagmatic and syn-
genetic rocks were generalized into one isochron age (meaning that some samples taken in the
processing have their similar age). The fact indicates that there were 24 different voleanic
eruption episodes in the region obtained by a comprehensive analysis of age data, which were
gotten by using isochron and dating methods. It increases not only the total age value about
10 Ma in general, but also discriminates the continuensly distributed, irregular age data into
several voleanic eruption cycles different in time. Therefore, it follows that the research
work provides a successful example in discriminating volcanic eruption cycles and in studying
regional volcanic eruption history,

The results indicate that the Mesozoic volecanic rocks in West Liaoning and its adjacent
areas can be distinguished into five eruption cycles and have their distinct temporal-spatial
migration characteristics. From the eruption age data of the voleanic rocks obtained by using
the above-mentioned methods in combination with petrological, sedimentalogical, and bios-
tratigraphical characteristics, the Mesazoic volcanic rocks in the region can be divided into
five volcanic eruption cycles; (1) Xinglonggou cycle, 180~180 Ma; (2) Langi cycle, 170~
145 Ma; (3) Xinganling cycle, 145~140Ma; (4) Yixian cycle, 135~120Ma; and (5)
Yingchengsi cycle, 120~110Ma. The major eycles of volcanic activity show a clear migration
from west to east in time and space and a regularity of the eastward tnigration accompanied
with the eastward tectonic activity. The regularity expresses more strikingly in the southern

zone and may continuously extend to the basalt occurring in Lower Liaoke Cenozoic oil
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basin, According to this evidence and from the relevant paleomagnetic and paleontological
data, a stratigraphical column for the developmental stage of the Mesozoic volcanic rocks in
West Liacning and its adjacent areas was established.

Several two-dimensional isotopic mapping diagrams indicate that the characteristics of
source regions in the socuthern and northern petrological zones of the studied region are sig-
nificantly distinct and show an evident regular change in time and space. The southern petro-
logical zone is characterized by the enriched Sr, Nd, and Pb isoctope composition, i.e. the
middle and western partsob sonthem petrological zone are mainly controlled by the mantle
enriched in EMI component with local participation of EM T component; but the northern
zone and the ecastern part of southern zone are controlled by undifferentiated to depleted man-
tle component. Meanwhile. a contamination of crustal material in a considerable amount ex-
ists in southern and northern source regions. The characteristics of spatial variation is evi-
dently related with the lithospheric position at which the voleanic rocks are distributed, i. e.
the southern petrological zone is related with ald Nerth China cratonic basement and old con-
tinental lithosphere, while the northern petrological zone is related with tectonic background
of the relatively young Paleozoic orogenic belt.

In general, the characteristics of source regions for the volcanic rocks show also a regu-
lar change process in time; the earlier stage (180~230 Ma) is characterized by the existence
of a subducted oceanic crust and participation of EM [F after the middle stage (110~
130Ma), dominated by EM I type, a late stage represents mainly its slightly depleted to sig-
nificantly depleted components. Since 116~130 Ma, the composition of source region for the
voleanic rocks in southern zone has hasically lacked of participation of EM [ type compo-
nents. It indirectly indicate that the main block fitting process was completed in the region
during this time, and the effect to subducted material and overlying sediments on the genesis
of these volcanic rocks reduced down to a subordinate level.

The similarity and the regularity of temporal-spatial evolution of the composition of
Mesozoic volcanic rocks in West Liaoning and its adjacent areas reflect the generation of the
voleanic rocks in an unified continental dynamic environment., The characteristics of voleanic
activity-basin evolution were evidently controlled by the migration of regional tectonics, the
temporal-spatial evolution of which shows a clear tendency from west to east, from older to
younger, and from enriched to depleted mantle in the source region. It further confirms that
the temporal-spatial evolution of source region for the voleanic rocks represents a product of
the deep crust-mantle process, which has also controlled and affected the geological process
in the shallower lithosphere. Thus. we consider that the book provides a successful example
of the research frontier of lithosphere and continental dynamics.

Since the Middle-Late Jurassic {about 160 Ma}, geotectonic framework of the region
has been strikingly changing, from latitudinal to northeastern orientation, i. e. from a Paleo-
Asian domain to a Pacific domain. It reflects thar the effect of westward subduction of the

Paleo-Pacific Plate has involved the region and caused a partial melting of the enriched man-



tle scurce in deep lithosphere beneath the old blocks. With the development of the process up
to Late Jurassic-Early Cretaceous, a regional extension led to development of extensive vol-
canic basin and volcanic arc and increasing contribution of depleted mantle compenents from
the source region, which indicafes in gradual reduction of component enrichment degree.
The process in the northern zone implies in a gradual trunsition int depleted mantle compo-
neats, Up to Late Cretacecus (80Ma), basalt (volcanic rock in Ludong depression-basin),
representive of the depleted mantle components, appeared. Since then, the region, especially
its eastern part, turned gradually to be an extcnsional. The alternation of extension and
compression led to formation of Cenozoic basins, dominantly the Lower Liaohe basin. This
time is a period during which basaltic voleanies are dominant and the components in source
region gradually turned to be mainly a depleted mantle, mixed to different degree with old
lithospheric mantle. It reflects an assemblage of a series of tectonic features under the specif-
ic deep dynamic conditions, such as asthenospheric mantle upwelling, lithosphere thinning,
crustal extension, and basin formation,

Obviously, the studies of geochronology, geochemistry, and tectonic setting of the
Mesozoic-Cenozoic volcanic rocks in West Liaoning and its adjacent areas have revealed a de-
velopmental and evolutional history of the Mesozoic-Cenozoic sedimentary basins, which are
gradually younger in age from west to east. This conclusion has a guiding significance for oil
prospecting. It is known that the major oil-bearing formation has developed at the stage of
basin depression. Thus, in the process of basin evolution from west to east, the major per-
spective oil beds have also become younger. Therefore, the main objective for prospecting of
the oil beds is the Lower Jurassic series in the western basins of the region, the Lower Creta-
ceous series in the middle part, and Middle-Upper Cretaceous and Early Tertiary series in
the eastern part, and hence one can raise the effectiveness of oil-gas prospecting in the re-
gion. Therefore, the studies have their practical importance and provide a meaningful refer-
ence to relevant oil-gas exploration.

In summary, the studies involved in the book not only resulted in a series of new impor-
tant theoretical knowledges in the frontier field of the lithosphere from geochronology s geo-
chemistry, and tectonic setting of the Mesozoic-Cenozoic continental volcanic rocks, suggest-
ed or enriched and developed the research methods and approaches, such as composite
isochron processing of age data, multi-dimensional constraints, and regional isctopic map-
ping of volcanic eruption cycles, but also revealed a dynamic process in the lithospheric
crust-mantle in West Liaoning and its adjacent areas and a macroscopic regularity of its con-
trolling effect on regional tectonic evolution, and hence provide a guiding significance for ex-
ploration and development of the third largest oil field in China, the Liaohe Qil Field, and
oil-gas resources in its surroundings. This is of an important practical value for oil geolo-
gists. The book gives abundant, important geochronological and geochemical data of the
Mesozoic-Cenozoic volcanic rocks in the region and a set of scientific thinking ways and

working methods which are of a guiding significance for deeper developing study in this field,
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It is cheerful that the studies described in the book can meet the requirements to decipher the
regularity of oil and gas generation and accumulation, so the results are of practical signifi-
cance in oil-gas exploration. Therefore, the book has not only its scientific importance, but

also potential application in oil geological research.



E "ﬂ-ér T LT
:E X it A -
®— kﬁmﬁﬁﬁ et ererr e e saee
—. ASATEMPRERKBHERIL -
ﬁ*iﬂ *i&ﬁ%%kﬂmﬁﬁi
..... *ﬁiﬁmkﬂmﬁﬁﬁ ST
%:% K i TR - feerrrena e vas
= B R AFIE coeereeereerererrenneearnienns
= PERERETEFAAEE e
. MBI H D FFFE ooreeererneeee
. B (3D RRHR R ATRRAL coeeeeee
. HE I — EE A A TTRRIE eeveeeee
FY  PEMRKILESTEE -
« MEHEKLEE JD
. BiEHKLDE D) R
. WRLTHEA— E%E%ﬁkm%<1)-m
- XBEHKkILE KD "o seesiasiriens
H=E Am%ﬁ@#%ﬁﬁﬁ#ﬁﬂ
% LFEMMEFRTE - o e
B_Y km%%%ﬂ%ﬁﬁ%%%%#&%ﬁ&
Eﬂﬁﬁﬁaﬁﬁﬁﬁmﬁ e aren,
. BEEa-ElE erreeaanraenes
= HEEESE -RES -
P, HArs e s
B

£
2}

bl

)

EIHH

|

&%D“E YT

XME@A\%WMﬁ&KﬁHﬁﬁ
. KU ERRALFE - s
SO WETEMEAS - 2
B FREBREE oo
—. ﬁ%g% srananransauars iesran
S BFRCHE e

P IERSKKLEEE ﬁﬂﬁﬁﬁ%ﬁﬁaﬁﬁ&ﬁﬁ

- (1)
- (§)
v (6)
= (6
= (8D
= (9
- (10
- (10)
< (1)
= (13)
- (14
= (15
- {19
= (20)
ree (21D
- (23
- (23)
s (24)
=+ (28)
- (28)
- (28)
-+ (55)
« (55)
eeren (56)
<« (562
- (586)
- (57D
s (B7)
« (59
« (63)
- (63)
eree (63)
eree (632



0 BERRRABE oo -
Tﬁﬁﬁimﬁﬁﬁ
=, HETERSFIE -

H ll

S AR S EIH o
L RS R R TR EZRR oo

T BHEEPREBTREMFEZER -
BT ERRE R XL oo

— . TTBETTFRAGHF ooerrrrreommomrssnonnniin

T B R AR AR e
SAE PERRUEHFERFERRTE oo
Y K-Ar RLURFERUE - -

« AR AR e eeree e
N2 & S e
. K-Ar @S AER -eeeveeen
. R E B %%T%ﬁ
. AL EE K- - sorraness
Tﬁ&%&*iﬁkmﬁxAJﬁﬁmﬁﬁ%
“Amemugﬁmmﬁ Prrassesses e s

)

Lok B E L

d# :

i

. ‘%\rsgAm EEEﬁﬁgﬁﬁiﬁjQ

E‘%rWhﬁﬁﬁﬁﬁﬁ s eereeevrnr e ea
. ﬁ&%ﬂ*iﬁkm%wv%Mﬁﬁm%#%.mm“.
= Rb&mmﬁﬁmmm . revrerernnns

£$ﬁﬁﬁﬁ&mﬁ
. ERITH
. EREE--

lH ll

E AR Uﬂnmnugﬁmm@.mMm
\§$Eﬁﬁﬁﬁm% P
\IiT%
ﬁmﬁﬁ

:f#‘

H
lh‘lﬁlllll

Sm-Nd Fﬂﬁig?ﬁiﬁgﬂU;E erraeriesana s
‘%$Eﬂﬁﬁ&ﬂ% creenene

. ER A

. ERE- ceesens -
Tﬁ&%&*iﬁXME%mNdﬁuﬁﬁmg%

TERSBE PR A LSERFRALZHIEE-

*
>

R ﬂﬁ&mz¢¢mkmaRb&%ﬁ%ﬁﬁME AR e
e aran e anaens «eres (155)

»+ (355)
« (158)
- -~ (158)
@R$Z$iﬁkmé$W%%UPbEﬁWE%%mmmmmmmmm
P LLE T LR TR Y ren (159)

- (159)
e (162)
-+ (163)

- (163)
e (168)

(65

= (76

= (85)

ceee (89)

- {947

e (94)

= (96)

- (98)

- (98}
eneres (1013
e (106D
reee (107)
e (108)
< 1)

- (113)

< (117)

= (1193

ee (1202

- (127)
e (128)
cevennes (129D
< (131D

- {134)
e (141D
e (141)
« (142

= {145

(143)

(158>



| KN K-Ar BEER S EREE - voeeer

[W[H L

|

B
lElHH

. R
N - et
R GRAMEHA LS e
T 1 RIS | SRR L

\MﬁI#%ﬁXmﬁﬁﬁ#W%

BB FHR KL EERERR

BR Lﬁ&$z¢émxmmmmﬁ@&&ﬁ@ﬁﬁ e cene

o KIS B BE El A R AR R

Z. RIE S HE RS L

BLtE

B

-
&

1]

|

N

0.

ok S48 B R A LB ] T
¢$ﬂxm%mﬁﬁn%mm@¢
Eﬂﬂﬁi%m % T P
ﬁﬂ%ﬁ+¢%@%&£wwﬁxmmmmmmmm

. REFH JO %&?Hﬁ@%ﬁﬁi%*ﬂ““

FEFH J) BEEESHTEDAS -

%ﬁ%ﬁ(J)kﬁ%MXmﬁEﬁ(ﬁﬁ%%ﬁ H & &£ E)

A -
EE%&(K)X&XM%H%EE%@A T

BEY HERFSHENEG R
—‘R¢ﬂﬁﬂﬂmw%§ﬂ%ﬁﬁﬂﬁﬁmm-

EAXK

T RABE R AR KB R BB R R E R L e

of 2 483K |14 Sr-Nd-Pb [ 7 L 4ST

B ﬁi%ﬁ&lﬂﬁﬁ%ﬁ%iﬁﬁt&ﬁﬁ%ﬁﬂ%*%ﬁi%

b

llﬁ?ﬂElHH

. R REOE R SR RE TAR G R MR R
\Hﬁ&@H@%M$ﬁ&ﬁzh&E% RO
. BEE R e hetete e aeeee ges hee ron sen cs arnne e

o E A R R G 2 AL -
CHEIRE-$:u8= 3t 27 SIS

. EMRAEH (Model Age) <

£ TR (R R EART R %mﬂ&ﬁi?rzsﬁj]‘%"ﬁ}?ﬁ--""

—. Sr-Nd [ R & %M X E A AL NRESHEER -

[l

48 8¢ i % 77 1 A SR A M L e vee s

. RBILES GHIE) BUHIRAFRFE oo oreore oo

A had B A eLsaAv AL EIL dst R Rr s R (168)
B KU ERTE BN SATER AL IE v v v e

. MAr/YAr UK/ Ar S0P (R 40/36 FEFER) TRTIRITRIR

L YAT/YK ZERFAE (TR K/AT ZEATEE)  ceevve s
PACRAL AL Ar SR A/ AV A/ YA SRR (RTER 40/39 HRERD
Xmﬁgyﬁﬁigﬁ% v e e tteaen et prs s nn anepenene cenasanedene

(169

« (169)
- (169
- (170
< (1703
- (7D
<o {1800
e (183)
= (186)
ereee (186D
- (191

- (194D

- (194)

- (199)

=~ (201D

« (201
e (204)
- (204)
- (204}
- (207)

- (209)
« (210)
- (214)
- (214)

(215)
(218)

e (218)
- (218

219

- (2202
- (2223
e (224D
eanes (2272
- (2312
- (2312
- (2323
eeees (234)



b HH

|
[y

l

B

MLl

%_w

|

[ ]!

?*E

B=F ﬂﬁ&ﬁﬁ*&ﬁkm%ﬁzﬁiﬁaﬁﬁqgmgﬁﬁﬁﬁ ...............
L AR AR A KO A A R BRI A ST <o vevsenariees
\¢iﬁkmaﬁﬁﬁﬁkmmﬁ?W§mik

b

st

\_ﬁﬁﬁﬁﬂu§W$ﬁ&&ﬁEmﬁwzﬁm*mrm LTI
\k%XMEﬁ@mngh?ﬁ%ﬁh .- D RGRCITTIIRE
. Mgk KR STy E -
\ﬂﬁ$¥E¥SHMPbmuﬁﬁmﬁﬁ e rer e eeeareaaes
=N LE&%B*iﬁX&ESHﬁPbﬂmiﬂﬁk#ﬁ@ e er e reeeas
\¢$ﬂkmgsmwmm%ﬁﬁ b e

. HERG R

HFiEplp

g% kMﬁﬁEﬁﬁ%mﬁﬁ? ﬁﬂk#ﬁ%ﬁﬁ%ﬂﬁﬁmmm--

. x?f&ﬁk’%—‘%‘]*‘]ﬁh

le

drAE{ ki Pb B R FFIE -
*&ftkm%ﬁilﬁzﬁlﬂﬁiiﬁi%“

*@F%ﬁ&ﬁk&%ﬂui%&%ﬁz*&ﬁXME%ﬁmmm
TERIPE P S AR MK BEIE S R SHBL ST -

. BRBADI L

)(LLIHﬂﬁﬁﬁﬁﬁmﬁﬁﬁﬁﬁ@ﬁiiﬂﬁﬁﬂh?ﬂﬁﬂ LI
IITE&%EEF‘E‘H‘)(m%ﬂ?ﬁﬁﬁﬂ‘lﬂi‘?}:%ﬂﬁ,& 5L &
FERAKXDEFERXIH - . revrens

*iﬁk&%ﬁﬁﬁﬁ%i@ﬁ%ﬂﬁ?ﬁEEﬁ%ﬁ&?

HE (Isotope Mapping) =

rp e 1R K 1) UK X H AE A A PR AR A, e -

ZQX‘IZEPE&XIJJ% Sr-Nd-Pb IﬂﬁLigﬁﬁiﬂiﬁﬁ‘ﬁE 'ﬁﬁﬁﬁﬁ%‘ﬁ

L R - ok sene

1T i & Il X ’i—FLnﬁﬂﬂkm%ﬂﬁEﬁ{Eﬁ?ﬁtﬂ DAL

*@F%kﬁﬂ@Tﬂ ﬁ%ﬂ%ﬁﬁ%ﬁﬁ*iﬂxm%Wﬁ@ﬁ

BT R “ueee

$E*$ﬁk&ﬁﬁﬁﬁ&%ﬁﬂﬁ%%& b
B . e

(2363

= (237
- {238
- {239

(241>

eeeer (2412
= {244)

- (247)

- (250

- (251)

- (255)

- (2552

- (2552
e (258)
- (260)

« (262)

eeer (262)
- (265)

eeere (267)
sseeraenes (270)

e (270D

(274)

cenms (2743
weeer (274)
- (275)
- (277)



Contents

Preface
Chapter 1 Introduction ~-srs«vs-sssmsrosinimimn i s ssnsass s (] )
Chapter 2 Regional geology «+++w+rr-srererrrmamiiimsm s s (§)
Section 1 TeCIOMIC SETting =+==wr=sresmvrnresosssnans B T A D
1. The recent state of the lithosphere and tectonic characteristics =«eeersrvesrisienness {§)
2. Pre Mesozoic—Early Mesozoic tectonic sefting ssrrrrrerarsrerriviiocensiosaonanine (§)
3. Mesozoic-Cenozoic geotectonic Setting — ss=revessssrmreisinansmrar e (§)
Section 2 Characteristics of regional tectonics — seerersssrremaneniarissn e (10)
1. Pre-Mesczoic regional tectonics seeererersremermmmemr i ansssssi s snsissnissees (10)
2. Mesozoic regional tectonics «eoesrreserereiiimans s s e e e e e (1)
Section 3 Distribution of Mesozoic basins in time and space  sreresressressssneenenne (13)
1. Distribution of basins at initial rifting stage «--=s-vveresmrronmiiiiinainanin. (14)
2, Distribution of basins at taphyrogenic stage «sr-sssersviisniciiiinmeciimranaaeees (15)
3. Distribution of basins at depression-senescence stage «wr-essrssrsserirniisssnae (19)
Section 4 Distribution of Mesozoic volcanic rocks srrererreerreraierncaraseenineee e (30)
1. Xinglonggou group(J)) «sssesessssureeressisnsunesenaisuniniasarassastnnesesonsennsnessacens (21)
2. Lanqgi group(J;) «- B ST PP R & 1 5
3. Manketou-obe group-baiyingaolao group(J;) -esreeseeessrasrsessraneracianineasnasnancnns (23}
4. Yixian group(K,) seeeereseeeeees reemnseatnseensaanras R - D |
Chapter 3 Petrography and petrochemistry of volcanic rocks «=r--r-es=rssrrrersiesernenns (28)
Section 1 Purpose and methodology == serevemrmvemeimi e e (28)
Section 2 Petrographic characteristics and major chemical compositicn
Of VOICATIC TOCKS <wrersrrerrsoss srsmusronrassrnsrensssonsessssvrronssoensrsnessssinicass (28)
1. Basaltic trachyandesite-basaltic andesite ss+ererrisessmnivaiiii o (55)
2. Trachyandesite-andesite  orermsreermmmsserrerasisi s st sen e i seseessaeneen e see (56)
3. Trachydacite-dacite  sexereerenrmormuernrermssissmmnniris st cen e e ce s s (56)
4, Rhyolite «resssermvssnimmm i e st e s s e (56)
o T S L TR T E LT R (56)
Section 3 Association, series division and distribution of volcanic rocks.and
evolution of magmma in West Liaoning «----errerreetrarastonmnnnnenne (57)
1. Association . series division and distribution of volcanic rocks reressremereseeer-s (57)
2. Magmatic evolution of Mesozoic volcanic rocks — seesrressrmessraanineinnee (59)
Chapter 4 Trace element geochemistry s -sx o rrreerrremrariesart s tssssnnneciiee e (§3)

Section ! Research target and approaches serssseresremiinanoonrnn e (63}



1. Research target
2. Approaches +w-
Section 2 Properties of trace element partition
1. Rare earth elements(REE)
2. Incompatible elements
3. Compatible elements ++sess
Section 3 Trace element partition and its relationship with tectanic-dynamic
environment
1. Implications of trace elements in intermedium-basic rocks -+
2. Implication of trace elements in acidic rocks «sv+ese
Section 4 Discussion on genesis of magma and characterstics of its
source region
1. Discrimination of possible processes
2. Composite model of partial melting and superimposition
Chapter 5 Isotopic dating of volcanic rocks
Section 1 K-Ar dating

1. Principle and assumption

2. Experimen'[al techniques mna e’ P E4 4N 44 SR EEL IR AER AL NS AAE NPT AR AT A ARR At A RA A A

3. Examples of K-Ar method application re=cessmoerereerser
4. Reliability of K-Ar the dating results
5. Excess and loss of argon <
6. K-Ar dating results of Mesozoic volcanic rocks in West Liaoning and its
adjacent areas
Section 2 “Ar-*Ar dating
1. Principle of the methord
2. Experimental techniques «osatveseveses
3. Interpretation of *Ar-*"Ar age spectrum
4. “Ar-*Ar dating results of Mesozoic volcanic rocks in West Liaoning and
its adjacent areas *
Section 3 Rb-Sr dating «s-ersseeesessrsenemsarsonssisnsasainn e
1. Principle and assumption
2, Experimental method
3. Scope of applicableness
4. Isochron age results of Mesozoic volcanic rocks in West Liaoning and its
adjacent areas
Section 4 U-Th-Pb dating
1. Principle and assumption
2. Experimental method

3. Applicable sphere ressisrere
R 6 _—

+ (63)
- (63)
- (65)
- (763
e (83)
- (89)

- (94)
» (84)
<o (86)

- (98

e (GRY

= (10D
- (166)
- (107)
- (108)
< (11D
- (113
see (117)
- (119D

+ (120)
- 127
- {128
- (129)
- (13D

- (134}
- (141>
e (141)
- (142)
- (143)

- (143)
- {155)
- (155)
- (158
- (158)



4. Monomineral U-Pb dating results of Mesozoic voleanic rocks in West

Liaoning and its adjacent areas <+ (158)
Section 5 Sm-Nd dating - {159)
1. Principle and assumption - (159)
2. Experimental method - (162)
3. Scope of application srevessrssssans - (163)
4. Analysis results of Mesozoic volcanic rocks in West Liaoning and its
adjacent areas - {163)

Chapter 6 Geochronology of Mesozoic volcanic rocks and cyclicity of their volcanic

activities in West Liaoning and its adjacent areas <« + {168)
Section 1 Distribution characteristics of K-Ar apparent age of volcanic rocks - (168)
Section 2 Isochron method of apparent age of volcanic rocks »«:+ < (189)
1. "Ar/®Ar-**K/* Ar isochron (40/36 isochron in short) «sxeesserereee -+ (169)
2, WA+ K jgochron (K-Ar isochron in short) -we-eeeese - (171)
3, “Ar/®Ar-®Ar/* Ar or®Ar/*Ar-*Ar/*" Ar isochron
(40/39 isachron in short} - (17
Section 3 Age data processing of volcanic rocks - (170)
1. Southern zone of the study region -+ - Q7D
2. Northern zone of the study region -=--=«« «vee (1802
3, Middle zone (Zhangqiang depression) «- (183)
Section 4 Chronology of volcanic rocks from Yecan 1 and Kacan 1 - (1862
1. Drill Yecan 1 «ereereereres - (186
2. Drill Kacan 1 -~ {191)
Section 5 Cyclicity and migration of Mesozoic velcanic activities in West
Liacning and its adjacent areas - (194
1. Cyclicity of volcanic activity « (194)
2. Migration of volcanic activity weesresererer - {199)
Chapter 7 Mesozoic stratigraphic sequence and time series - (202)
Section 1 Establishing of time series of Mesozoic voleanic eruption ==+ = (202)
Section 2 Paleomagnetic dating « (204
Section 3 Paleontologic association in stratigraphic groups and
- (204

its significance in time = sesssesenneerme s emeasene

1. Paleontologic association during Farly Jurassic Xinglonggou cycle (Jy) ---weem (204
2. Paleontologic association during Middle Jurassic Lanqi cycle (J;? - (207)
3. Paleontologic assoctation during Late Daxinganling cycte (Jg) wereerereee s (209)
4, Paleontologic association during Farly Cretaceous Yixian cycle (K} -eweeeernnes (2100
Section 4 Establishing of stratigraphic sequence and time series  -eeserrersseeresess (214)

1. A discussion on some stratigraphic problems and establishing of
e (214)

stratigraphic sequence -



