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Abstract: NE—SW trending Yanshanian detachment faults are widely spread in southeast Guangdong. The authors carried out
geological survey and physical and chemical test of Enping—Xinfeng detachment fault, with emphasis placed on the mylonite in the
ductile shear zone below this detachment fault and the silicified rocks related to the high angle normal fault on the hanging wall of
the detachment fault. The authors believe that the initiation age of the upwelling—extension structure was in early Yanshanian, the
deformation temperatures of the mylonite which had the kinematic property of ductile rheology in the ductile shear zone were about
350°C, and the mylonite was brought onto the surface during later tectonic uplift. The microthermometric study of the fluid
inclusions in the silicified rocks indicates that the homogeneous temperatures of the fluid inclusions are between 155°C and 326°C.
The salinities are between 2.74% and 21.61% NaCleqv, with an average of 11.17% NaCleqv, the temperatures of the silicon—
contained hot liquid are about 241°C, and the silicon—contained hot liquid is believed to be NaCl —H.O solution with rich silicon and
carbon dioxide according to Laser — Raman microspectroscopy. Compositions of H — O stable isotope imply that the paleo —
hydrothermal fluids were derived from the mixing of magmatic water and rain water in the study area. The silicified rocks
distributed along the strike of the normal fault possibly are the significant indications of the paleo — hydrothermal system in
Yanshanian. The thermo—upwelling extension system and the deep and shallow integrated palaco — hydrothermal system in the late
Yanshanian are significant for the understanding of the type, the mechanism and the distribution regularities of the modern
geothermal system in southeast Guangdong.
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system
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Fig. 1 Distribution of hot springs and simplified geological map of Hailing—Enping—Cangcheng fault zone, Guangdong Province
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Fig. 2 Topography and remote sensing images of silicified rock in the study area
(base map after Google Earth and Geospatial Data Cloud)
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Fig.3 Measured section of thermo—upwelling extension structure in the north part of Hailing—Enping—Cangcheng fault zone
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Fig. 4 Microphotographs of mylonite from ductile shear zone in the north section of Hailing—Enping—Cangcheng fault zone
a— Porphyroclasts consisting of plagioclase (Pl) and quartz (Q), undulatory extinction can be seen in quartz, brittle fractures are common in
plagioclases, sericite (Ser) is fine—grained and linear flow and ductile deformation microstructures are evident, crossed nicols; b— Porphyroclasts
consisting of plagioclases (Pl) and quartz (Q) are surrounded by ductile deformed sericites, both of which constitute S—C fabric, crossed nicols;
c¢—Quartz exhibiting undulatory extinction, which indicates that intracrystalline deformations exist in quartz, quartz porphyroclasts are surrounded by
fine—grained recrystallized grains, which indicate that recrystallization is common in quartz, crossed nicols; d—Porphyroclasts are quartz, which are
surrounded by quartz subgrains and its recrystallized grains from inner to external part correspondingly, which constitute core —mantle structure,
crossed nicols; e — Quartz porphyroclasts constitute Domino — type microstructure, which indicates NW shearing, crossed nicols;
f—The o porphyroclastof plagioclase (Pl), which was altered by sericite while the original appearance remained, indicating that hydrothermal

alternation is common
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Fig.5 Cathodoluminescence images of metamorphic zircons in mylonite
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Table 1 Dating results of metamorphic zircons in mylonite

207Pb/206Pb 207Pb/206Pb 207Pb/235U 207Pb/235U ZOGPb/238U 206Pb/238U ZOGPb/238U 206Pb/238U

S Pu10° PTw10°  PPU/10° ThU R
Ratio 1o Ratio 1o Ratio 1o Age/Ma 1o
2192-3-1 273 421 2567 0.6 0.0683 00023 04037 00138 0.0422 0.0007 267 44 74%
219232 480 428 2628 002 0.0531 00029 02116 00119 0.028  0.0005 182 3.0 93%
2192-33 203 166 280 057 00717 00041 14587 0.0870 0.1446  0.0031 871 177 95%
2192-3-4 117 359 583 066 00537 00039 02927 00205 00393 00009 248 5.8 95%
2192-3-5 617 2332 2162 108 00772 00034 03547 00162 00328 0.0007 208 4.1 61%
2192-3-6 253 146 151 097 00913 00065 2728 0.1747 02178 0.0058 1270 309  94%
2192-3-7 638 446 1311 034 00753 00026 1.8777 00712 0.1778 0.0038 1055 210 98%
2192-3-8 147 391 2314 017 00515 00021 02326 00089 00324 00005 205 32 96%
219239 980 813 860 095 00732 00022 17639 00554 01717 00028 1021 155 98%
2192-3-10 346 81.1 865  0.09 00505 00023 02643 00118 00377 00007 239 4.1 99%
2192-3-11 158 213 416 051 00573 00049  0.628 00514 0.0791  0.0021 491 126 99%
2192-3-12 71 150 527 028 00500  0.0031 03202 00215 00454 00009 286 5.8 98%
2192-3-13 81 68.7 506  0.14 00526 00024 03958 00200 00529 0.0011 333 6.8 98%
2192-3-14 1055 4163 1739 239 0.0501  0.0019 02379 0.0094 0.0336 00007 213 4.1 98%
2192-3-15 364 109 1932 0006 0.0473 00024 02201 00135 00330 00012 209 75 96%
2192-3-16 119 66.4 804  0.08 00590 00028 07052 00323 0.0850 0.0015 526 9.0 97%
2192-3-17 64 129 1575 0.08 0.0499 00024 02915 00133 00416 00007 263 45 98%
2192-3-18 673 666 1202 055 00618 00017 10475 00373 0.1200 00030 730 172 99%
2192-3-19 210 842 1549 054 00508 00026 02276 00104 00322  0.0005 204 34 98%
2192320 322 20.8 1620 001 0.0488 00019 02344 0.0093 00343 00006 217 3.5 98%
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Fig. 7 Hand specimens and microphotographs of silicified rock
a—c: Hand specimens and micrographs of silicified rocks, on which the blowholes and breccias can be seen; d— Anhedral to subhedral quartz (Q)
whose diameters are mostly less than 0.05mm, the grain—like structure can be seen; e—Subhedral to enhedral quartz constitutes grain—like structure,
on which the triple junction is evident, the intersection angle of those junctions is 120°; f—Taxitic structure which consists of quartz, exhibiting grain—
like structure; g— Subhedral quartz and sericite can be seen, the plagioclases were altered by sericites, which constitute the aggregation of sericites
while the original appearance of plagioclases remained; h— Blind vein structure in which the minerals are mostly quartz, the same as minerals
surrounding it, while quartz in blind veins has well enhedral shape compared with the surrounding quartz; i— Alternation remnants of calcites
remained at the edge of quartz grains, which indicates that the country rock may be calcite—bearing sandstone
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5if S A R TECIR R AL A | JRUA BT ) R TR Y 5E
AT R AT 22 F 2 AR A7 S R ek i
(1% 7d), A1 55 B KT 90% , A1 S URDRL AR 3738 /)N T
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Pl 8 BEAL A A TR AL R R U
V— A B, L— @B A, a— 5 R LR, AT, SRS AR A0 b— AR S — A A, AR
/NE10~20 pm, FEARAS KL, IS0 A5 e—JRAE R = AN LRI, BRI/ 20~22 pm, FEARAS N, IS 53 A5 d— A S P R EL R 1A,
TEAAHIATE AR, e— 5 IRPIAR IR, S URIE, JOME 10 pm Zi 45 F—RUAE SRR IR, g—J5UE R COUMRE IR, Jh
E 10~15 pm; h— JEA TR, TN 10 pm; i— JFAE SRR B A, SBAS N, T WA BA LY B 2R3 A

Fig. 8 Microphotographs of fluid inclusions in silicified rock

V- Gaseous phase in fluid inclusions; L— Liquid phase in fluid inclusions; a— Primary liquid— gaseous fluid inclusions with irregular shape;
b— Primary liquid— liquid— gaseous triphase fluid inclusions with diameters range from 10 to 20 pm, exhibiting irregular shape, in isolated

distribution; c—Primary liquid—liquid—gaseous triphase fluid inclusions with diameters range from 20 to 22 pm, exhibiting irregular appearance, in

isolate distribution; d— Primary liquid—gaseous fluid inclusions with ellipitic shape; e— Primary liquid—gaseous fluid inclusions with negative crystal

structure, whose diameters are about 10 um; f— Primary liquid—gaseous fluid inclusions; g— Primary carbon dioxide gaseous rich fluid inclusions
with diameters ranging from 10 tol5 pm; h— Primary liquid— gaseous fluid inclusions with diameters about 10 pm; i—Primary liquid—gaseous fluid
inclusions with ribbon—like structure
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TR D B O — R S K A0 A K
(KA GBI PR A5, 1995; 18328 4245, 2002), [ ik AILE:
JEFIE G 2B BRI Lk, SLbr - — & 2 )
JEBWIL R , A M IALSAR TR YR A, 45
), B RRRAI R A H , 3 B X BTE TRk b i
APRCRAR TR HIE R T S (kb A
K BIE i R B 2 T i)
32 BMUESRBEANY—RE BERKS

=8

AR YRR 5T T K BB ORGSR AR 1Y) 3 2
W35 R A (B 7), 435 B A I R
A, Z I 2 AT &, BRI, T B A
= b BB TSR, W] LR R SR P A A AR (1] 8a,
8d~f, 8h), ik —AHELZEIR (K] 8b, 8c)FHXT A UL, ik
TR R A 5 A RIS — A B S AR G KN 7 522
wm, & B R A A BEAR K/ NE 20~22 um, HoAS,
T = AR (] 8c), IR AL ZEAR TR 22 1 A B )
KM , 7B D W8] 8d), iRk 22 1A 2 2 4K
L AT BEHL A AR AT DA AR SRR A A (]
81) , VB PR R R = R A B AR B o A RO A A

(Donatienne et al.,2002 ; Sjoukje et al.,2007),

AR SCR A B TP IR AR AR EAT T 1R
(WSS, FEHEAT T S Al 3 DA R A BE AR i 53 0 #T
FELE IR 1A SO AU T ST B TR AR AL AR 53y 3
PR

AL R T HO B ALK (15 8a, 8d, 8e) , fld
4l H.O YA A3 22 1A (] 8e) A1 HLO I WG +H 40 22 1A
(151 8a,8d), H.O I P AR ZE AR A2 46 HLO Wi AH I
H.O0 S M.

B #l: J& T CO,—H,O < ¥ % AH £ 2 A4 (& 8f,
8h), X i 24 AU Y A 2 KA 5 HLO W AH FIT CO. <A
(BRI,

C Bl AR A ARAHE CO-H.0 Kl —
FH AL ZE A (K] 8b, 8¢) Fll & CO, “TUAH L ZE A& (1 8g),
CO,—H,O [ AR ARASE— HO WA . —1
COEAHFI—> CO <A

AT BT AN (B 2) F G0 R AR I REAL A A it
7T =W 8 MR, ir HALE N E
LinkamTHMSG600 12 # 5 (—196~600°C) , >k H % [H
FLUIDINC A R A T A B A AR AR A it i
PR BEEAG IE o Dot A2 i FHE B — ik 5~10°C/
min, AR S (UKL AR I K & 2R
FERIN 58 4 18— 1R B ) TR IR 2R 8 B IR R 0.5~1°C/
min, XTI AR A WAL AR, D o8 4 —
T8 FE RN VK SR, R FH Hall et al. (1988)f 15 B — 7K
AR R, i RGUREE T T 2 HUH
e A RE AL AR L A G R 21921 521922, 4%
SFEBEASFE S R RS VD] T 3 HeJE R 100

R2 BIEHEBELENART UHREEREFHER BRESH

Table 2 Characteristics and microthermometry parameters of fluid inclusions in quartz from silicified rock in Zhaiwu area

FES AR KAMum K% K Tingeey/ C Ti/°C #h1/%NaClegy Ty 35 /1°C
2192-1-1 B WA 5~10 5~15 16 -3.1~143 180~283 5.11~17.96 223.1
I >10 >50 3 -3.6~92 217~283 5.86~13.07 2482
2192-1-2 WA 5~15 5~10 11 -1.6~162 168~298 2.74~19.6 2335
Gt >10 >50 1 24 298 4.03 /
2192-1-3 TP 5~20 8~18 23 -1.8~-17.1 172~261 3.06~20.3 221.9
G| >10 >50 4 -1.8~-47 228~252 3.06~7.45 2393
2192-2-1 B WA 6~15 8~15 15 -3.6~96 155~260 5.86~13.51 196.8
WA ~15 >50 1 7.9 301 11.58 /
2192-2-2 WA 5~12 5~10 4 -6.8~-142 239~301 11.58~17.96 264.6
2192-2-3 WA 5~22 520 27 -5.4~-18.9 170~326 8.41~21.61 2582
M A 10~20 >50 7 -10.5~-13 292~326 14.46~16.89 307.8
7 CO, — A 10~22 / 2 -11.5 321 15.47 /

T Togeor— VKRR T— 24— JEE
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13.51% NaCl.,, “F37°4 9.71% NaCl.q; 2192—2-2 ¥
it PN O B R 1 1 — R 7 239~301°C , R %
TE 11.58%~17.96% NaCl., - ] N 14.05% NaCl.,;
2192-2-3 HE N IR B AR 3 — R AE 170~
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NaClao &5—FFFES: 21921 = Heill e ¥ A v & W)
AHALZEAAR ) 34— IR BEYE Ll 168~ 298°C , 34— &
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— Yl E U FEL S 217~283°C , ¥ — L EE S 24 75 Bl Ay
239.3~248.2°C, & RAHALZIR S & AR
— RSB L R 221.9~248.2°C, iR
B[R], R DA A A It A B 0 8 7 el e AR 1 1
Y& FI (Goldstein, 1994;Ramboz, 1982; 35 % %t , 2003;
FAREE,2004) .

I A A — T B 43 A1 5 [ (1] 9a) ]
PV 21921 #E 5L i 34— B 7E 194~246°C J&
Z AR EEY — WA, NE 9b TR AT LLE
21922 i B3 —RLEE 7E 207~275°CHT 155~190°C

JE 2 AL HAR R E) — A . IR R —
TREE TR LUE H, 21921 RES 3 —IREE 43
A B B (& 92) HA P B A 04 3 U B X
SO A AR I PR AR 2 e D it 2 YRR 1)
ARG B AE (kK 3255, 1995; Zheng et al.,2014), 2%
42192 1 RS E SO & ROAHY — RS R
UM R F I 45 5 (221.9~ 248.2°C) , I\ i A i s
I Y K IR 2 K 235~241°C, ASYRBIFSY TAEE#R R
F AR W TR AL AR A TR 2 1 o oA,
FHASCAS Sy v 6] 3 J57 R 25 (R B0 BOGHr 8 52 50 % 1Y
Renishaw MK 1—1000 %I {2 o Hr 8 %4, il 5E
it FH AR I8 A DR Ry 3 6D D 1 P B B AR T RS T
OGRS, HOGIK J 514.5 nm, BAETERES RO
IR 2~4 mW , B MR ] 8 30 s, B 5 1K
ok PLE g A I E 3 HER R 0.5 em ™, 506
TV EITE 0~4000 em ™, J8 43 AHXT 75 Fe ARl FR A
0.0% H&ANAE %R (23°C) A R SE AL, 1
FEVRY 1533 B 76 A 2R A ) S0ORE RITBAH T 50 4 Jre
TE, AR A R R E (] 10)Fiw:

XF 21921 At I A R A S L 1 7
S3HT(El 10a, 10b), ZIUAH & COL(1386 cm '),
R LA NA(2329 em ) AR BY(E 5 (K] 10a), BLAR, I8
AL CO(2143 cm™ ) S A& A1 H,O(3508 cm )Y {5 =
(&1 10b), M 7 RO I 1 ok U5 T 55 38 JR 3R 5%, X
21922 IR AL AR AR BT 5 AR B 5 A T
IR, R SAHR A COL(1285 cm ™', 1388em™)
FIH.O 1551 10c) , WHIEAH A3 9 43 Br 4 3k
B WA 1 3 B0 HoO(3428 em ™ .3328 cm ')(J&]
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Fig. 9 Histogram of homogenization temperature data of fluid inclusions in silicified rock from Zhaiwu area
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Fig. 10 Laser—Raman spectrum of fluid inclusions in quartz in silicified rock from Zhaiwu area
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Fig. 11 Bivariate diagram of homogenization-salinities of fluid inclusions in silicified rock from Zhaiwu area
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Fig. 12 H-O stable isotope compositions of fluid inclusions in
silicified rock
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