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Fig. 1 Geological map of Fanjingshan (after the Bureau of Geology and Mineral Resources of Guizhou Province, 1987),
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Q—Quaternary; T—Triassic; P—Permian; S—Silurian; O—Ordovician; &€ —Cambrian; Z— Sinian; Pt;2~—Hongzixi formation of Banxi
Group; Pty f~—Fanzhao Formation of Xiajiang Group; Pt;z-g—Zhangjiaba—Qingshuijiang Formations of Xiajiang Group; Pt;w—Wuye
Formation of Xiajiang Group; Pt;d—Duyantang Formation of Fanjingshan Group; Pt;w—Waxi Formation of Fanjingshan Group; Ptyzc—
Tongchang Formation of Fanjingshan Group; Pt;h— Huixiangping Formation of Fanjingshan Group; Pt;x—Xiaojiahe Formation of
Fanjingshan Group; Pt; y— Yujiagou Formation of Fanjingshan Group; Pt,z—Taojinhe Formation of Fanjingshan Group; y—granite; o—

basic—ultrabasic rocks including gabbro, diabase and peridotite; A—anchizone; E—epizone
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Table 1 Illite crystallinity (KI), Chlorite crystallinity (AI) , by , mineral assemblage (< 2um)
and localities of samples in the Precambrian of Fanjingshan, Guizhou
REE 2 bk <2um YA | KI Al by (nm) R Itk

HW-1447 Zylc TR A I,Ch 0. 355 0.625 0. 9029 108°46. 5227 27°49. 937
HW-1448 Zin [ 1.Ch 0. 200 108°46. 508’ 27°50. 303’
HW-1449 Ptsh W I.Ch 0. 252 0. 237 0.9013 108°46. 779’ 27°51. 4917
HW-1450 Ptsh W 1,Ch 0. 269 0. 256 0. 9022 108°47. 907 27°52. 9227
HW-1451 Pt;h %= I1.Ch 0. 240 0. 230 0. 9020 108°47. 8747 27°53. 8237
HW-1452 Ptyw &= I.Ch 0.237 0. 230 0. 9027 108°47. 6927 27°55. 808’
HW-1453 Ptyzc W A I,Ch 0. 240 0. 232 0. 9045 108°47. 450” 27°57. 5607
HW-1454 Ptyzc b AR I,Ch 0.238 0. 236 0. 9036 108°47. 110” 27°58. 759’
HW-1455 Pt;h L& 1.Ch 0.227 0.223 0.9011 108°47. 509’ 27°59. 1627
HW-1456 Ptyw A I.Ch 0. 263 0.227 0.9013 108°46. 630” 28°01. 053’
HW-1457 Ptyw = I,Ch 0. 238 0. 253 0. 9002 108°45. 9307 28°01. 467’
HW-1458-1 Ptyw [T I.Ch 0. 279 0. 284 0. 9030 108°45. 2287 28°01. 4327
HW-1459 Ptsw L= I,Ch 0. 245 0. 304 0. 9007 108°43. 7147 28°01. 480’
HW-1460 Pt;w [ %= I1,Ch 0. 246 0. 239 0.9013 108°43. 4627 28°01. 232’
HW-1463 Ptsh W 1,Ch 0. 240 0. 9020 108°45. 2727 27°48. 635’
HW-1464 Ptsh [T 1.Pg 0.415 108°45. 7837 27°49. 9707
HW-1467 Pt:h %= I1,Ch 0. 285 0. 259 108°41. 7237 27°54. 701’
HW-1467-1 Pty = I,Ch 0. 275 0. 270 0. 9004 108°41. 723° 27°54. 701’
HW-1468 Ptyx W 1,Ch 0.291 0. 279 0. 9022 108°40. 355”7 27°54. 846
HW-1469 Ptyx e I1.Ch 0. 259 0. 259 0. 9004 108°40. 9127 27°55. 0257
HW-1470 Pty %= I1,Ch 0.253 0. 368 0. 9022 108°41. 603’ 27°54. 819’
HW-1471 Pty T I3 A I,Ch 0. 257 0. 249 0. 9000 108°41. 590” 27°54. 548’
HW-1472 Pts/r AP I.Ch 108°41. 833’ 27°54. 571’
HW-1473 Ptytc (e 1.Ch.1/S 0.995 108°43. 776’ 27°53. 107’
HW-1474 Ptzh (= I.Ch 0. 354 0. 304 108°46. 2777 27°50. 864”
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(AT A K. B H T #4L Fe WA LY. 75
XRD & B4 Inm #4757 KI (/). i 0. 7nm
AT S M 5Efk . XA & S ECOR N A KI-
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=24
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I=7A
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AE KI5 AT %R R -

KI=0.5171A1 + 0.1187 #=0.8727 (2)

FH S R U8 00 45 T AT 45 B I 8 A R
2 0.25~0. 34°A20, IEAFFRA T MLk ALIEH
$E0.09°A20, 5 3CHk A AT 45 B A48 T I R 4k
0.259~0. 348°A20 (Wang et al. ,2013) JE# #23
171 5 At 5 4% s A 25 31 (0. 262 ~0. 331°A20, Arkai
and Ghabrial, 1997; 0. 284 ~0. 348°A20, Arkai et
al. » 1995; 0.247 ~0.324°A20, Arkai, 1991), ##
ot AT R AR T AR T AR I R JR A 4 AL
KT 48 H06k 3 4 iy 1t % 43 Bk — 2
3.2 HHEINEMTHMAS

AL LT FE I AORE R A B ) 4 A LA R A
LR AT M ERAE SR )Z 1/S HBLAE A R A
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Fig. 2 Variation of illite crystallinity Kiibler index 7.5 8.0 8.5 R HT%) (23&5 10.0 10.5
T 4
(KD from 0. 20 to 0. 99°A20 in the Precambrian of -
Fanjing shan, Guizhou B4 GoFfdh HW-1473 B 2T (AD) Z5 fF T XRD 14
1—KI=0. 20, HW-1448;2—KI=0. 25, HW-1449; 3—KI=0. 29, 5 L m(EGZIK XRD E R . £ ZB(EG g
HW-1468;4— KI=0. 35, HW-1447;5— KI=0. 99, HW-1473 A S5 F5 . Inm AT 55 06 &k AR A AT S AR R — 00 o 48 i v A
S BE — 0 R K o 3% W AE AR AR BE — DR D SRR )= (1/S)
- 0.45 ) 1C001) /SCOOL) AT 55 U , 1T 7 55 £ BE — B B A 58 1R )=
< o040 |k (1/S) 9 1€001) /SC002) fif 404 . 1C001) B4R 4 1nm 45
: o B, B4 B EE (RD W 2.43% . BB don s =
E ’ 0. 963nm(20=9. 18°) , A] 15 52 1B )2 25 A Reichweite=1,18
< 030 F JE LR RIAT 5 81% ., (b)BEfh HW-1464 [1 4% T4 (AD)
= 0.25 y=0.5171x+0.1187 SEF XRD . 100D R R4 10nm fif 5 , Pg(001)
m % B =0.7827 . P \ e N
W ;10:19 N A RO AT ST . B4 B AR EE(RD )y 3. 26 %0
E 0.20 - Fig. 4 (a) XRD patterns of sample HW-1473 in air-dried
¥ o015 T T 1 (AD) and glycolated (EG). After glycol treatment, 1nm
0.1 0.3 0.5 0.7 complex swells on higher diffraction angle side and shrinks
I F 45 & EKubler 5 £ (KT) on lower angle side, indicating the appearances of the I

(001)/S(001) reflection on lower angle side and the 1
(001)/S(002) reflection on higher angle side. 1(001) is

3 ¥l X AT R R PR A 45 Kibler 45 %0(KD
R £ 45 Arkai 35 80CAD (956 &

. ) ) o the 1nm reflection. According to Merig’s regulation from
Fig. 3 Relationship between KI and Al in the

d 001002y = 0. 963nm (20=09. 18°), it derives Reichweite=1

Precambrian of Fanjing shan, Guizhou
e ’ with illite occupying 81% layers in mixed 1/S. Fitting

A-HERERRG-A SR EMSIRA. Gt reliability is 2.43%. (b) XRD pattern of sample HW-
FEUEIENEEN EEERAGHNE =8 = 1464 in air-dired. 1(001) shows the 1nm reflection and Pg
B, B = Wb B A M E D A TS A (O(')l)' 'mafks( theﬂ(OOl) reflection of paragonite. Fitting
(celandonite) . M= B 4f B A1 & & 49 &, [ B R reliability is 3. 2676

J1is  HAE B B EE R i oo (I K. TEAS W) 126 TSR ) 2T 8 bo (B A 2 (] 5) 0 %)
RS ST A B BT A A WL B AR R E R — RN Iy IR G I B 2 BE R oo {E B AL AT A
AR B b A AR B &R AR AR AT S B G 3t i i BNZIXRY AR B T A5 (Sassi et al. . 1974) . A X
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19 /N8 Jii B 25 B CH R A0 bo {8 35 L R < 0. 9000 ~
0.9045nm;F- 0. 9018nm, 25 366MPa, 7 21
il & 23 A L (& 5) rhg - B R o Js 5 rp — {1 et 6
ZIE . XFI T AR L X AT FE R A A T 2 AR
J A FH B R T 254
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No=19
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R 40 F
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0 ]
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Fig. 5 Cumulative frequency pattern of b, of
K-mica (illite) from the Precambrian in
Fanjingshan area (dashed line)

5228 1—Bosost fIRJE bo fH R M £k 22k 2—N. New Hampshire
HAIR I bo fB R BT £k 5 54k 83— Ortago Wi IE bo fE R B 285 52 4k

4—Sanbagawa & H bo ST 2%
Solid line 1—Bosot low pressure type; 2—N. New Hampshire
low-intermediate pressure type; 3—Otago intermediate-high

pressure type; 4—Sanbagawa high pressure type

3.4 FRAMRBEEITSERTREEMGIT

YE w8 & b S Tl RS Y 2 — L gilg
e i A7 AR TR I BT AR Y sk e A
aAT . BT R A IR T Bl A W ST A
G FAE TR IE A1 . e A b SR B 1] 23 o
25 ¥y i B 3t (Battaglia, 1999) F1 A% 43 ¥ % 3t
(Cathelineau, 1988; Vidal et al. , 2001; Inoue et
al. , 2009; Bourdelle et al. ,» 2015), FjH Jz M4t e
A1 5T O BE 2% 11465 1 % 2B I 25 4 T R L S A R
W LR e A 1ERL o b5 T U B 2% A 38 3 - 457 14 1 o3
L7 ST = - 2 A i B AV I VAR - A
(Cathelineau,1988) #il VI-+1V B 43 & JE i1 (Vidal et
al. s 2001; Inoue et al. , 2009), ZEM IR T+ FEH
LRUCA LG B o {RLR H RLBEAE 10 B0 TR B T
i€ ke A 73 7 AOROR R R ASSCRAE TV i fir
VB 31 (Cathelineau, 1988) . B ¢ 16 £ 43 T = (HW-
1455, PRAZ JFt iy ) 3K M 19 48 BT i B2 ol 293 ~364 C L o
¥y 342C L 35 B 7R 2 L — DAV i € o A Ay 4
R AE i B 2% 1F— 3 (An Jiali et al. .2018),

G d b BOR B AR m R ORI & A
YL IEJG ISR AT doo AT doso (- 51 KD HHE
HIE MR E . R d EH Kae2 75 2 6 8 00K 5] &
ooy fi /N A S5 B UL B2 O o o RO R A 001 A7 5
W 588 65 R HL A S Sy AR T 5 B R i A 0] AT d
R EE T T . RS A =X (3D 3580 i i B I
S 305C, X5 Cathelineau(1988) 15 19I5 &
HHZE 38 C . HAKIRTE 293~364 CYLHI N .
TCC)=—1000d5, +14379(Battaglia, 1999) (3)
K. dio ARLIE G 2RV A 001 fif 90 d fH. %%
Je A L 1 BB ECE B A 1T 8 U BE L3R 2, 2t le
A1 don 5 doso B S AT B TE MU BE WK 3.
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Table 2 Chlorite data of electron microprobe analysis

(EMPA) and evaluated formation temperature in the

Precambrian of Fanjing shan, Guizhou

HW- HW- HW- HW- HW- HW-

H5 - -

1455-1 | 1455-2 | 1455-3 | 1455-4 | 1455-5 | 1455-6
SiO; 24. 34 24.56 26 24. 64 24.37 25.05
TiO; 0. 04 0.03 0.01 0.02 — 0. 05

Al O; | 21.03 21. 66 20.7 22.22 21.91 21.62
Cr; O 0.07 0.11 0.17 0.11 0.09 0.21
FeO 32.85 33.18 30. 67 31. 35 32.63 31.69

MnO 0. 33 0. 36 0. 37 0. 33 0. 28 0. 35
NiO - - 0. 08 0.1 0.05 0. 08
MgO 7.69 7.88 6.9 7.49 8.13 7.57
CaO 0. 05 0. 04 0.08 0.08 0. 06 0.11
Na; O 0. 06 - 0.03 0.03 0.03 0.07

K;O 0. 04 0. 06 0. 59 0.28 0.03 0.28
Total | 86.51 87. 88 85.6 86. 64 87.59 87.07

Si 5. 437 5.395 5.795 5. 443 5. 357 5.516
Ti 0. 007 0. 005 0.002 0.003 - 0. 008
Al 5.536 5. 608 5.438 5. 785 5. 676 5.611
Cr 0.012 0.019 0. 030 0.019 0.016 0. 037
Fe™? 6.136 6.095 5. 717 5.791 5.998 5. 836
Ni - - 0.014 0.018 0. 009 0.014
Mn 0. 062 0. 067 0. 070 0.062 0. 052 0. 065
Mg 2.561 2.580 2.293 2. 466 2. 664 2. 485
Ca 0.012 0. 009 0.019 0.019 0.014 0. 026
Na 0. 026 - 0.013 0.013 0.013 0. 030
K 0.011 0.017 0.168 0.079 0. 008 0. 079
T(CH® 351 357 293 350 364 338

7 : OH Cathelineau (1988) JF ik T(C)=—61.92 + 321. 98AIV!
(BL 144 O BERD IR, “—" IR TR,
4 g

PR A B L A e L X R PE B e A BT
Z IR AR AR 2R N A T o B AR R &R 8 22 ]
HHE RS BE 2 93°C/kbar 5% 27°C/km (#£ 50km=
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L. 5Gbar #1550 . WK T 1E 5 AR B2 . AR A Bt
DX g3 it Ak (5~ 39 DU, LI 4L 6™ 7 Jag » 1987) . 3K
Al S 10km DB i B K B 0GR VLR AR R A
mH R (> 7526 ~ 12101m), & 3 > 17526 ~
22101m, # BOF 39> 19844 m 55, by 350 5 3 HfE
S el XA 2 XD JZE IR R B0 I R ORE i
600°C o KA DN A A AL o R R Ik B AR R . T S
P b o A DX W S A8 i HE A O 340 C ety . R
A DX R AL A A T T8 2 1 A T A P A 2 TR A T
YERT . I W50 b AT 22 oA FH A 25 A L A i £
F 3% 45 doe 4R X — i B — R R AR (A 2 A1 -4
A1 AH Bl 1 AH Dy 3L GECAE 5 R 7 ). Coombs et
al. , 1959; Coombs, 1961, 55 A5 A XK.

£33 RRELURWERZEZKREAGJIENERES

8 & i1 & (Battaglia, 1999)
Table 3  Structural data of chlorite and formation
temperature (HW-1455) in the Precambrian

of Fanjing shan, Guizhou

o d%o b Fe/Fe+Mg| dso dfy | TCCHD

14.116 | 1.552 | 9. 314 2. 817 13.969 | 14. 069 305

1 : @y Battaglia (1999) Jr i35 AR M i R K IE . RUE
FeMg 1 1E .

R AE v 1 XA 2E R R A T AR Yy 820km”
LA AN A S A8 B AR AR B A s L
PR B TR A A BROXR S XU R 1 O
T3 AN AR AFE L DX P8 R Y s R D B A
HEFEVE oA A R B R R X P A A k7 o
Bl 378 B/ B R S B ek g A gl ) A T
A L DA A IR R B A R R L TR AR AR A
M GIUBD A B R Bl s . | T AR L XA T
R 2 I ARG LS BN ILEEARR
BEZ I ARG Hefil, PULHFRIARIRBF S BARZ
(1), DAy AN 43 Sl s DR 0 ARG 2 T A T 3% 0 A
T 2 A 2= 468 A ) I 2 O 7 A A e JRE S 1
T BB AR AR A A B TR Y T I AR A AR A
HoRE ARG .

5 £Ep

(DA X AT R R LT T B R AR R AE
LA B RN S A o (S G RR (9i|
TORTRET

(2) Ho w09 4% o 1 A B 35 3] 293 ~364C,
RSN T E— TR R Z [ (366 MPa) , 45
JR B EE 2 27°C /km,

N

(3 3L 728 o A48 78 2 2 el )2 A1 48 ol 2k L 2 ]
AR TR O B e — ey s 2l () 9 s 0 A o 1 )R 5 |
AT S AR S A B A s 1 g i A 6

Bt 0 A B A R L R AR R SRR
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Very low to low-grade metamorphism of Precambrian in
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Abstract

The very low to low-grade metamorphism overprinting on the Precambrian in Fanjingshan area was
investigated with illite crystallinity, chlorite crystallinity, b, value of K-micas (illite) and geothermometry
of chlorite. The results demonstrate that illite crystallinity Kiibler index (KI), calibrated with Kisch IC
set, ranges from 0. 20~0. 99°A20, and the Arkai index of chlorite crystallinity ranges as 0. 22~0. 63°A20,
indicating the Precambrian in Fanjingshan area encountered with the geological processes from diagensis to
epimetamorphism, and it remains diagenetic, anchizonal and epizonal records in rocks in the area studied. The
diagenetic rock contains diagenetic index mineral illite-montmoriolite mixed-layer phase while anchizonal rock bears
metamorphic index mineral paragonite. The b, of K-micas (illite) ranges 0. 9000 ~0. 9045 nm, and on average
0. 9018 nm or roughly equivalent to 366 MPa. The cumulative frequency curve of b, stands in between the curves
of N. New Hampshire and Otago. indicating the metamorphic pressures condition in between low-intermediate
pressure and intermediate pressure facies. Peak metamorphic temperature was evaluated at 2903~364 C and average
342°C. Therefore the palaco-gradient was derived at 27 C /km. The anchizonal boundaries across strata and
folding axis of the Fanjingshan anticline, clarifying the syn-to post-sedimentary or structural movement of
epimetamorphism, which caused the increasing in depth and the rising of temperature and pressure in rocks

at the bottom or lower part of basin due to structural burial.

Key words: illite crystallinity; chlorite crystallinity; mica b,; very-low-grade metamorphism;

Fanjingshan; Precambrian



