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Abstract: The condition of the lower crust in a region at a certain time is a question that has not been considered by academia, for the
reason that there is no means. Our recent research on the origin of granite shows that granite is derived from partial melting of lower
crust metamorphic rocks, and the granite is in equilibrium with the melt residual phase. Therefore, we can invert the characteristics of
metamorphic rocks in the lower crust based on the characteristics of granite at the surface. On the other hand, the progress in the
research of metamorphic rock indicate that it is possible to construct apparent profiles of metamorphic rocks of different compositions
according to different temperature and pressure conditions, and to infer the properties of the melts formed during partial melting. The
combination of these two aspects forms the theoretical basis for the mapping of the lower crustal, based on which to understand the
conditions at the bottom of the lower crust, and thus the mapping method of the lower crust is derived. This paper discusses the method
of mapping the lower crust, discusses the content of the lower crustal geological map that may be expressed in the current situation,
focuses on the lower crustal information can be given by granite, and puts forward the principles for dealing with controversial issues. It
also discusses how to map the lower crust in the absence of granite outcropping, and the information of the lower crust that may be
provided by sedimentation, stratigraphy, paleontology, minerals, and structure are discussed, and the vitrinite reflectance method is
recommended. In addition, the significance and limitations of lower crustal mapping are also discussed. At last, we discussed the
function and significance of lower crust mapping by taking the geological map of the lower crust in the Early Cretaceous of Shanxi
Province as an example.

Key words: geological map of lower crust; mapping methods; granite; vitrinite reflectance

by o S PR 2 B o B BE AR D) S R B, HRTRY
o B P 2 R PR T b AR, SRAT Y 2 4EHb 1A
B3 b XA DRI BT RL, AT AR = 4ERIE . AR SR,
T HL SR, BR N H 5SS R AY A T8 A £ 45 1
FEIREE, IR = 4Efy . b, T e R S —1
BRI, Sl [ =& M b RBP4
Hi e A | B R M R R A, DR R S
i XA A T Hl e T P A . SR, T e b
[ Pt DU 4E R

T b 5T — AR AR BT BE A B A TN A AR (20~
25 km) FIURRKEAHH (>25~45 km) (R 70T, H
T bng, H EGRRY Fbae, BUR 5r i
FC (B E ) LRSS RSB, His 5 H5e 45
A BB R I A AN SE, BRSO . b
X TR b e i v R R E R, K ESd . i
Foka s A, 5 e AR e A GRITESE, 2021)

XN LSS R LA R, BTz HE H
T H5T IS BEA b iy h—a R A v —m 9
FA A, AT BRRLE . A5 55 (Bohlen et
al., 1989; Kempton et al., 1990; Rudnick, 1992;
Ketcham, 1996; Zhai et al., 1996) . I{ELT R H5%T

JEG 38 A4 60 T AR e b R A BRI RN 2 e
Kt HuFE A BEARHEN Y (Christensen et al., 1995;
Kempton et al., 1995; Kern et al., 1996; Rudnick et al,
2003; FWIE, 2008; A5, 2021; XIFEHESE,
2022), TXAXBR FEACHTE, X T 48N Hhre 2 A1
ZAGDL, BN ZARD

AT A BB LT HFEIEAR? AT M52 e A 2
TR TH Y AL, ST A, B R IRCA IR L
B, e IR AL R, AR R A IR A, R
JoT V- A R AT B ) L, R R R TR 1 TR
Hby, o2 Bl 5 o3 S R A CGRE BT 45, 20215 5K A%,
2022a,b) .

PRI EAF (202 1) 48 T Hse /R B9, 45
T SR AR | R WP | BB IR SRS i
JERAS R 558, 27 5 b RE R A2 R B BR Y
WAL, AR R SR R . T HISE AR A R S
PRULAE, HAESEW A sCH  JREF S H 4, X sen]
IR A T b5 E . T b 5E M AN SR X 1 17
RIS b LSS Y, oS AR B I 0 e M RE R A
T F2 B R I LRI A, HG g xE A 1 )
AR FRAE b4 o I il S A BEAE B 8 Hh S B0



4355 10

FRIEAE: T Hb K B 5k 1675

T M7 BT AR 35S 2H T 3R TR M e Y B RT3
(Sawyer et al., 2011; White et al., 2011; Villaseca et
al., 2012; Brown, 2013; Fiannacca et al., 2015;
Couzini’e et al., 2017; #LA 5t 5%, 2017; Jacob et al.,
2021; A SE, 20215 5KHLAF, 2022a, b)), X H
At 25 B R0 SF  SORIBLER 0 4 i AT 1R i
(I ESE, 2021) o ARSCHFFE BN BIE TR S T Hode
YEFIR—&B53

AR SR T 15 e S ] 32 AR X AR B T B
BB MIATR . AP R, A6 ok A RS 38 0
lt, T REE e bR Bl X R IR AR R B A, T
Bh SRR A I, fdi A8 o i A il e i, T JAE
BB I, 3K T B 5e TR AR B S s
SN i D QP P S INASE =y S
A AR T, S 5 5% B A AL T, TEAE RS
IR, BT TR E R A AR
B, A aRE R AE R A s T 22 B R A5 1
TOIEA 2R S T, KA 5EREIE
R ERR . FERER, ZH B R 25
Rk, AERE o PRI, AR X B b R i b
625 B RRAIE ST X T i 72 IS AR o 1
A, S RIS b S R A BRI BE Al (5K IS5, 20222, b) o

T b e B — R OR i 223, BN AR SR
(17 U [ F i 0 o R T N S DT 18
TSI B S EAARIE A R L AR, AT L
P BECE TR0 IA TR, T b S SR AT 32 % 22 Wy T Y Y
b — TR ETF, AR A b DX RS I B AE
R IE S8 T M5 AR B YRR 55— 5 T2 DA
T, RIEAFERRE AT L RREZ B H A, 1
TR RRINE A AL BT . FiX 2 D ITHSs &
B, BVR] T T H S ISR Ol . (H2, SEBRE AL
Ak 52 2%, Bl an angar D R A6 0 A 115 B S5 T H
FEIRTRRDL, XA AR PSR %, B e b A e 2
fEPE R — I MEDC . MR AL N AR T
At 2R A TR T RE, AT, 2 S
TRAGIRIE A, S D7 ik A 20025 16 5 T g ) Rt
Ay R AL B 15 B AT REHED M4 4 T s
FEIRHRAS B 5 L Q7 2% 181 2 AR5 0L,
HEFT Z2 A5 B E ARG, A RE iR, T Bk
REHE 75T DAL B F Mhre i Rg g ikt 4,
HOJR BRAEFIME 247 BIRIKEE AL A, ToAE I

1 M E HE

K MWTFE R, A E IR IE T XA 1Y
SXESAS AR, M0 R S Je UL T B A AE B BT
3% (Chappell, 1974, 1987; White et al., 1977; Gray,
1984; 5K 45, 2012a; Morfin et al., 2013; B 5145,
2016;) o AERERIE T BUA N EBER . ABRUE
S ER I W Y UGB A, I A A S AE R JRAE
IR . Morfin et al. (2013) KK, T HIFEHE 444
FlE BAE B 2 143 0T O It b 5 A IR IS S i, AE B
E2Y Rty R NI N G W) YN i
By F 22 . Schwindinger et al. (2017) Ui, 2%
S R e Rl 7 AR B B IR, I BE 2 AR R B 52
b TR BRI A AL 2 —

P B ok H AR BUa R VE T, iz BT IR T
R AR, X ERAEEE 4, PR (FERE
A ORI Al TR 25, 15 T ARG
tAiH (Petford et al., 1997; Clemens et al., 1999;
Sawyer, 2001; Brown, 2004, 2007, 2010; Clemens,
2006; Sawyer et al., 2011; Z# 5, 2016; Johnson et
al., 2021),

F Tl e ) AR AN [R) 28 Jo e ) v ik 140 SR BN
[ B 4 o ) =38 R b, A - R A 22 TR A A
A SE-RHC AR 22, TR R4 22 6] — A 3
TR Uk R R R 1 g I, B A AR AT ]
TEOR A o 1A o3 R F ST R W, R B o34
ot R e ) A AR P A R A AR T (SR AT AR,
1990) o FHRIAG KA B AN [R) 549y 00 571 B — %
F AE— R BOTE LN, A R840 J 20 A AR 1l
FTREANIR], BRI, BRI AR 2 2 M2 R .

A I, AR TR AR, WA RS S
P BER—EE R, B EAT R S, M1 57 1) R 0%
I miEt, SEE A B . B (2016) BFFEHE
th, AT RE B ST IR A v B 8728 TR it A B AR
e — 5T B AT R AR/ R e (1A — 5 T P B Y
BORIR BROIR e (0 14— I 1 U0 2 1 BR A4 ik AR — 1) oz
I WAL R B iR A A Dk — I RIS R a AR TR
G A E AT IR T REARER 18 1412 78 1 i
(Kriegsman, 2001; Sawyer, 2001; White et al., 2010;
Sawyer et al., 2011)

TSR AR AR Z R, R AR ISR 25 05



1676 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2024 4

TR LATCARE YR E R ERAR T SURRRL S o T
IHEREA SR, BN B E— A R Sk BT RE
KR T AN 5] o3 A T S Bk B AR R A
5y oA, BIINAE R B = AR T X, R A A AR
RT3 A, 480 5 RN AE B PR 3 A e A TA
ARG R AT . TRk R R R HA RS
FHHMI, EATSERR EARGRHARBR IS IR 2 5 AR Y
(Fyfe, 1973; il 5%, 2016) .

B B AR AR I8 J8L 53 A T L P8 ik e s
JGF, AR TR BUE R, S — A T AR &
(BLAF5E, 2016) o A AR AMUZ BNEA | 75T
WERl . BRIRE . G IR YA 2Rl A
PRI 2 A T, To) 5 DACTIRE DX ity BB I 2 #8515 98 0 B%
R W), X EETARH W) eI b TR b R v
R AR JRNE, T SCHT T W AH o 48 B B T 2
it RN A LA e R R A 1A 1 45 b, AL [ SR
Y78 i 52 37 (White et al., 1977; Gray, 1984; Healy et
al., 2004; Stevens et al., 2007; Clemens et al., 2012) .
TR 32 2 SRR NN P-T 25, IR ICE A
R WA Rl 2 75 95 A B A B e T i — AR
il (B 5¢, 2016) o MK LT, B RSREA 20
R, 1K BE R S 28 Iy 1A e by AR e
ZJE TR . P, B RIE R A 5 T R
RiA B R & —F E 4 2R (Brown, 2010; Sawyer
etal., 2011; Hacker et al., 2011, 2015; Harley, 2016) .

A Pitcher(1993) FFi5t, 465 i HAUE Y S ik
(B B ERIEE ENTNEE) . Jaitk, 7L
AL 5 R AR RO I8 DA R IE . B T ik
JUI7TH N 25 : O3b 7 v (AT A 5 4 8 RT DL A 3
II T A, AR 5k B AL TP (White et
al., 1977; Chappell et al., 1987; Pitcher, 1993 ); @A,
A AR EIIA 2 (suites) , BEASEHEARA FRIE M)
R Py AR 2 bR AR, T R E AT R IR s
FHE; DAE R A J 1 73 S i AR 15k R A4
TERSIAN[R) 45 f B Be b i 43t R B T A, 4B B A 1
4 i A b gk B AR s A b, BAE R A A S
To i W R (B, 1995)

R = R, A S R B A T XA A
P, 2R SR FLURE (Y, A2 07 B AN W] 48
B 2 1 DCZH AN [ 5 A6 10 T A3 S | Tk, (B2 A
WA A BN R W AR . VEE AT TR
FEA 2 S — R ARYE LR IR AR A S AR

i Z AAEAE R O 28 MR I 2%, sk Rl PR S 2R 02
— PR OC AR R B B, B R A O T (KA,
2022a, b), N HLFEHE REARYE “ 77 5 B4R R
TR TR N AE, A ARERIAE R, B
A AR BUA o I, ARG R AL B 2 RS AR
BT i 7e A8 B A RHAE SO T RE, BIR Hb e i
el ASEBLAY o

B, T S B PGl fa 2R AE R AR
AT M 5e IR AR BUA IRV, fE 0 e 5 A8 sk
B AR AL T 15 MR A b A 5 T M 5e I AL A A7
FERRCR, BRE N, e A T I, aT LA
ARG MR AL b R IE BT 7 SIS AR A BT i 45
ik, JE RN T e SR B PSS

ZEIEA 2 TR DR AR A T 5T IR,
NTTRER A H15E A BT QMR AL b A AP B A
e 1 HIE R XA BRAE o an2RAE B e T LA T
SR AL, BB TCEIA B HA IR, R4 T #5e
SRR 25 T2l 4B A AT SRR SR 22 J0RE )
(0, BB E A R IR . (HR, X2
PERESS P .

N SE R ARG, JE AN [ 5 A 3 AS ()
DAY 58, Ol R AR PRV 2 R ARME 7Y [l ot
FER A DTSRI DI, T e R T RE R A 5 AE 1
T B SRS T 0], QLA B e IR 4 )

2 MHFEHE Tk

2.1 THEMREEEAE

RO SREZFENASTAGEE. THi5E
SELPET ol T BA S, 1 T AT DAL A AN A R —
T EERR A IR AR AT AR, T vt s
T RER T B, WA T AFRIA T iR N 2 OAIRAZ
JRAH B 734 F D e AR Gl o RORE A AR (il IR
i R | ARORE A (et IR ) 2 @78
FrPET: B bk RN R L IR i A BRIk
Bl: BT | Ve 5T D WIS IR K
B B XN  ©MBSERE L IR IR I
W @78 B AR I s OG5 - Hue b9 1522 1 i
[ W IR T A SE R 7 1
22 TERAETVURHHER

(1) AR AE AR 23 A

ARG AL b oA BT U0, T R4 4 ) (i e
DWASCE R I3« A AR o DA g LA DA AR R



4355 10

FRIEAE: T Hb K B 5k 1677

W A ARV A TCAE R e X AR A TN A A IR R
A A5 A6 B A o0 AT 2 4 IX AR 3R = TRRR R 2 AH AR
FrAH; A6 5 A T B A X AR BN A A IR RO
FHAR A

(2) 728 i P

ML 5 2 PR HOBERAL 2R | R 3R 4 55
FUT: N A 3 A AR IR OB 755 AL R TN
AR PERRRL s A6 5 R R PEIRORL 5 Bt
16 54 A AR TR OB 5 TR €84 14 25 AR 3R e BT R kL
7 AR R s B R A R K IS URRRL
FAINAE B AR IR s e NS AR AE
FARTE TTG MR A5 T BIAE b A M R 5
S BUAE G A AR I I (R bk, hRte) BB 1-S
RULE B AR B 2 () R

MG Nd, Hf [ R4, 5 A3 Rh A L
PERRRL A . PR BB . BRME ORI | K BRRL
w4,

(3) T HbFE AR

HRYGAE B 40 A SRR T | B I 4l U R o A
V] 52 ) D i e ¥4 AR EE - A 1 2 8 0 A X AR B R
e A6 A E AL A XA T I o Ae; oAk d AR
T HFE

(4) T HIFE S IR S A 15 1

HRAE 546 5 A AT ST PR il A 155 10 40 -
WK 2, BB RKRRRE K E X 07K A%
A, AU IMUZRE X Tor IRACER ISR X

(5) Hb5e 5

MG Sr—Y K F& . M2 dEY . A A
WAL ZE 7R B WA GORMAIBT: & St ik Y BUAE
r RIB TR ) A XA IR 7, AR ME A A/ T
2 AH; A St 1% Y HUAE B 5 43 A XA 26 1E 7 TR
e, R AR/ S A DN ARG & Srfm Y BRI S o
A X AR IE &SRB o, SR AH; A% Srmy Y 2
T oA AR R 7, BRREA A (IR IR—= ) ;
A BITE R A A RIS e, IR A AH (IR — =5 ) -

(6) 728 LA 4R 1%

WRAE AL I 2 AP AR 24 25 TR A8 B o 15 AR 8 )
Wr: A8 55V EAE IR AR AL B T BUATIE . g -7
AR SRR S iy sl ] o B AR 8 40 3R A8 i A A 4R
I, AR AT S AT

(7) M5 2A SR 1

HRAE 5 48 bl 27 5 IR B 300 18 U 2 (28 ik

o BERCA L B MR IR A AE) B A A i o

(8) Hthuf: -V H-p 22 [A]

AR 8 A b DX HEAS IS A A B 2 0 A 0 0 PR A
BIHOHHAE

RJEHLFR A < T BB A A T M AR B S A
KA ey {5 8., Wi T e M BT B 7 i Wi A 29
FE o MR, IEOLAR R SE 2%, BN, 18 <IN A BB B
AT REAA Z R0 R o BRI, TEAS [R] DX P B 22
FLAR ] AR R, 75 2275 TEAE I N A 457 THT
M5 S, RATREL T RERY . A A4S 2R .
23 ZEHNEMNBERTERREENER

TEE ALK A HEE LI, HREAR P AL (5 B
HEATHEN, 33X 5 T A SY H RTAR 55, (R PTI98 1Y)
FERZ, TWEMEM . BT EHE X R AR
AR, MR HE AR — I T,
23.1 RBRBRENEE

(1) AR BEA B DT RRA AR vy b P45 B L AT 2
HER IR D TR R i 28 EAF 1) DX A3 H 7 U
T DX 5 R VAT I A 4o A1 X (L 1 A - T i 5 L AH
k) AR ST IR IX 5 LU ) 2t B BRI 0
HeAR, A AR ARAR TR, R [R)E AHAI B A B py XL 1
ML P B AR R IE R R X/ M7 N R X5 b )2 ik
XARE ST IR

(2)AH . I AR DURR AT 7™ T 24 Fh dth 72 JEFE T
WA 7S R B4R 1) 2 (N s R Y 48 R R
b, O AV R AR I AT, W 5 HA R E
SCHTTRRARSS G R A AT I LA

(3) F AR IR A B i 1) 5 ORI RRAR, fn vk st
Y. vKNEERR . vK)Je A i DURRAE (5K 4, 2001,
2012a),

(4) R PORARTE B 56 K A5 B R A7 & (40
A6 50 AN S = I, TR A A SR AR ), 40T
TR EALBE, [l B A A 46 5 2 5 5L, DA A e 2
AR (IRIESE, 2012a) .
232 FARFREZE

(1) 4% B85 25 30 FRORTE A DY 45 A S B i
PREBE . A B AR IE LI 2l 3 28 AR L B XA
W IR 53 A X KT R A3 A X To i iR X AR
TC PRI X 1 P XARR Y IR T B IX

(2) 4 BB RIS b 72 V5 B () 2 . 4 ] ™
DX AR L7 IR DX 5 585 Al il DX AR R b 72 D 1X
R 5 A A TR R B XA R b e e i/ 1



1678 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2024 4

WL FEIREIX

W IRFERZ, EAEHE B 2%, F 23N
o BIAERT X T s B R B SORATE A,
IPAE 3R 3 Fifd oL T # aT 587 th, BYEEST Al S
oA, AT S IR, WAl SR, R T IE
VR R ek e 5T, BV A A BV EE, R
WhsE IEHBSE BT R o A TR ZE R B A B R
T KR, PR R R kTS KR = AR AR
B A 37 T, i 2 7 L U Bl I R B
Seo EBIESCIRM, MAE W E 2. N Y+
BLRM IR, fioerh 4 H e R s E ARG, =
S, SR AR H I ERRRLS AT R

(DI R2ERE B AR Z, ST B
W g A, # AT AR

(S) R R {5 B 5K A E B R AT
J&, WILIAE A5 B o 7 DA3os, (HEEX 7 J& o1 7
I3, BIRAE, T LA
233 FHFRAEGZE

FLLeKs LY B A fR R ] EER . B, <
Ak P V) WA R T R A A IR G, S A S
FEV AR, M T . WRuEAE IS XA
R FI, 06 A AR T R0 US55, T Ee
[ 02 S e 1 b B s AR A AR Ak, 2 AT Lo AR i
(FREFE5E, 2007; ZEHEHESE, 2008) .
234 MEFREGEEL

o) 35 2 M7 2 B AR AR ) FE2EFB I . — b
XS4 53] 3 A B ) R AR A A 3 1 e Bl R e Y
TR, —4~ b DX HE 3R TS 30 1 5 b7 e 0
Koo BI4n, HE 1S Bl AT fE R E 2R R R B DR
FSNL R R N7 R S R= ) Ui U A0 < B SN & 3
i e 5 e S 5 B A oG (R EE S, 2001) o (HUR, #i
55 b5 JE B AR AL Y B G RO ANIERE, IR A Al
DA o v b 52 A2 O TE R TR BE Y b oe, TE TR Y
SR AT AR IR M SE, T B4 A o o7k (ande
A BTR, DR, iAW) MR TTREA A X
o AT SR AT, RIS T A FH i S 1) ]
J7LBRBER, B OCE .
235 FADFREGSEZE

AR TR PR A S A Y.
WA A YA RIRIR A S, R E T 2R
AR R AT, AT B8 R b e ek 7 X B0 R TR R M
FCIX 5 R FEAR ) o A AR e I A . XTI

FERZ, TEATAITSE .
23.6 FEFALFRBNGEE

T B RIS 2y TR AR v B T 0 oty =0 L oy 3
BEA VAR B A Rk, T DL B T R
FE, R AR AR R A AR )7 (Quade et al.,
1995; DeCells et al., 2007; I E, 2009) .
23.7 BRI FEREGEE

BB 2H (Vitrinite, PRI ) K2 #6025 5 AE
YIAR BT 2 280k A ) A A A P AN BE I AR AR TR
B BRI, FEIE R B e v rh & J Ao 4
HH 2 I S S B s e R AR T IC S R ok . A I
SR, BV T A1 3R RO 5 A Z B LR,
i E AR Y T IS B R (R,) R (BRSP4
L2016 KIESE, 2017) . B RA ST % R, >
1.5% fRF BRI 53 A1 X, FiHb 50 55 o 41 I i 6
R,>1.0% AR A RIS T34 X, ML 19 30 2%
X, FRHEAE 58 7 o U DX, BVAT bV A DX
B R AR R <1.0% IRR TR AR X, %
M7, BPTCHBIE F I A X
23.8 Htufzl

Al BB A VR 2 HA 7 2 B RTETAS T i,
BRI PRAF B A, SR AT 24240

3 9 8

3.1 EREFREREN THEREBER

FERI A AT LR T o 7e i X A8 T 1 2205 B

(DR, REREANERE. HTEAT
VERREA—, E A PRI IAE/\T], AR FRE Al g
K AN IR, AT RESR A R R, (B2 T
AR R . O T SRR DL, AR ST e TN R AR R
Sk AARIRYICA o 10— T7 [R5 T
AR e, BT TRER A RIS . HUR,
HAO ARG, W] BEHAT AR RIS, AT
AMARNK S R SRR A5

() HRICER | RO R BAER TIRIX AR TUA 1
HERAL PR . AN I s BE AT, ISR A A
SEVERY; AL 1 B 1 BT i, WS AL BUA N KSR TR 5
e EE R T OUR | KE TR A00R, UHIRIX
ATREE 7K Nd | HE [ 3R ] U R IR IX O Bk 5
R, Jepald FEAY LA o

) IEREFER . —HIEMRFERAER T 1
AER AR EEAR ALV N B A B AR IRS o SR —> e kel



4355 10

FRIEAE: T Hb K B 5k 1679

AR AFE AT LA S3 AN R A 0L, W48 7 Pl e AR AE
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(5) RS B 48 5 43 A 04 T FRURI AR RS
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PR EAFTE Z R, WL AR TE 2 e, X2
16 5 A FS A LAl (Pearce et al., 1984a, b; Brown,
1994, 2013; Petford et al., 2000; S ## L%, 2007; 5K
45,2008, 2022b) . Zheng et al.( 2021) 5, £ &
F o EA Z2REE, SR R il FE AN 2%
A o BRIt AE i 2 ke 5 Y A 98 R
X B PR ARG, L ARIRIX AR #R Bh
SR AE T . T PR S LI SCSHEAE T IX 434k
< 7 K TV BT AN () 4 o R e R T, DA ST SR
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BAL A RIR A A RS . B X X 2L 52 R 2% Rk
AT E R T 2P BRI TS A 1
B AR, W XA — | AR o s il L L ()
RIRGY . F KRG BREBIEAIR G | s Wi
2L 543 555 (Clemens et al., 2012; Bonin et al., 2020;
Zheng et al., 2021). {HFETEMPLE N AR H], HFLE
P2 2R, MR R R R EAEH . AR E
XA [FFPSE B2 I R B AT 22 K7 Al iR R IX
33X B R 2 RN A FR 7 3k S ER S AT R A R i R 2 ()
R, AT b S e KSR ME A )

AU 5 AR KB IS¢ PR AR B 1Y) T2 SR
AR A BN S BUAE B AT T RUAE <
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A5 AT =Y 8O (EANIE Y ey (1) F1 &,(0) 1E; A5

F D
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(Zheng et al., 2021) .

LR A ATE 0.5~3.2 GPa, K AAIEN T
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K, AT P E B AR A N UG AR . SRk 2 i A
(1), ZE s e AR R 55 R ARG R, B
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5 BUA K B A A INK A K (R,
2012),
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(Cottle et al., 2019; Ji et al., 2021) . HI FHIFEHRTL A
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LW, S B SRR (AL R A R RS A8 e B e TR
YERI R =) (Inger et al., 1993; Harris et al., 1994;
Ayres et al., 1997; Patifio et al., 1998; Knesel et al.,
2002; Gao et al., 2017) . A T K56 5 DL, fbd
F SRRV U e A A R RE 5 TR e B
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Schematic diagram of the relationship between different granites and different source regions

Fig. 1
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Fig. 2 Schematic diagram of magmatic thermal field
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Fig. 3 Schematic section from central Shanxi to Pingdingshan in Henan showing the telemagmatic

metamorphism due to plutonic intrusives
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Fig. 4 Profile of Zaozhuang coalfield in Shandong Province
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Fig. 5 Relationship between vitrinite reflectance and
metamorphic grade, temperature, coal rank, organic carbon,

organic nitrogen, etc.
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Fig. 6 Geological map of lower crust of Early Cretaceous in
Shanxi Province
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Fig. 8 Distribution map of vitrinite reflectance in Shanxi Province(a) and the distribution map of hidden rock mass displayed(b)
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