$89% 11 .
20154E11J] 2152~2160 LU ¢

ACTA GEOLOGICA SINICA

Vol. 89 No. 11 2015
Nov. 2152~2160

FTEEMKT AT MRUFHFESHBER LT
BEAD RAED BE" IFFV HASD FAED HED F-HD

D) 22PN R 2A M R 2 5 7 BT U Bt H R 4 VU AR A BT IR T S d % . 2290 . 730000
2 H Rk B T G e BT 9 T R il 4R L g i T R S e L b U, 100101

M FRE AR TEIEYE AL AR 2 R & B KTE R 8 J2 0 F1 im0 4k B 00 b IR K L 7 98 i 4 b PR B 20 T fig L
B BLER M T A 1 A S 3 0 58 W AL G PR X R B R U R MUER AL AT 18 R T I8 A AR B a0 FR AR T v U
5 KA DL R R A DR, & Fe/Mn WA A CaCO; & 448 /R Aii fh 4 AR B VOR300, iy T 4%
PRIPR G IR AR o 280 b 0 FR A VA Bl TR 6 A A bV 1 1T A T S U 5 A B 2 R B BLAH U AR AL TR S
B WS- TE IR (E ] . MAE ST E E Ko 0/AL O, \Na, O/AlL Oy KL & Na, O/K, O Flfk 2 fh 48 38 % (CTIA) 18 78 JE 1
B b XA 4R B2 T AR AR AR X TR S S A N R LA OB B A R . AT AS KT Na” S E Y
PES A B 468 TR UURRET A AT ik . 256 W U L oy 4G 3 oy S Ayt 3 A L AR SCIA Sy I B At
PR R E B e R S R T 4 5 R T 5T T N AR A — TE R M R R B R AL,

KRR : JEYE AR PUAR

I YE 2 3 AL T 7 96 e AL R R AR - S
A 36 38 A B, R A I JE 20 45 SRR N oy AR AR A
FEIRZ bR E R DL A Rl AR IO Dy 0 —
A FRER 4 CE 6145 ,2004,2010a,2010b) , 44 i F2
ik 18X 10" km® , 2 5 i Jit de R v — 3 A= AL
TR M A 2 3R B AR 2 20 g A0 Hh 2 % B B 0T 1Y b
X (K B % ,2010) . 5 I8 9% 45 Hh O 91 1 4 48
WAL, B AR 6] R b 4 3 75 5609 b I R L 48
WO AERTERGEKT LHHT IR, EEERDY
S A Hby J5T I A AE J5 b A M R T B Ak AR AN A
MRD R A H Z WA H E#k R4 5,2007;
25K 5F L 20085 2% B ME 55, 2008, 20105 R H 55
2010) , 47 B 7E 92 b 4 3 2 TR 22 A £ R O 45 F %5,
201054+ Hr A= 55, 2013) , ER SR K 80035 B T B FR B 3
DORR 42 30 B0 36 1 UAR AR b OB 43 °F 45, 2010)
I, e AR R 2t BRI U A R 2R R Y
A0 Ry B R WS UL AR S 3 0 92 B A
AU F L 5 0 B 0 e A PR T R 2 R O R Mk Ak 2 4y
BT+ 4545 10 38 8 5% INDTURR IR BE 5 A0 114 ) B 43 B 3L
AT RE LR I B, Ry itk — D X R A Ok U R 2R K
TR AR A

s 0 B M BR AL 2 s R A%

stk @

1 DXl SR B0 5 Bk 5 )

JEYE LI T V9 & 5 22 -G VDL Al MBEA
- RVLEE Gl Z 18] F ke X7 L - 7 B s
At Z v B L-m] mT PG L, P DA A SRS — o —
2 —& 5PN R, DX RN
S AT LA SE I 2 R 43 Sk A6 I Y5 34 B L e I 8 3 B
Frp e R = A T 3 T (R AR AL 1985
A A4 19965 EAKEY L 2001) (& 1a), ZhHL N £ %
BRI =R KPR BER HER LR
FEWR P RT R ZRE )2 42 R
K HTFE LR G R L RE IS
“EARTUT HE R R A

WF 58 XA T b 98 Y5 40 b 5 oty B 1L e A B —
WX RY R R W HE TR RFIERE.
SRR ROV A e R R B R S
RIMBLAVR I, AR RS RIEE KT 3108m
(B 1byo) s W 2 AR s s f 4 At 40 2
HORAMT A ez R G8%0mMm, Hh
A (J, @ B 1378m (52l # T/ 0~1377m) ,
RS TR =& REAFLEE 2 W2, 2 — B Ak

T AR SO T 52 T A 2 Al F 5 R 1 F 30 9737 BT H (i 5 2011CB403003, 2013CB956403) | w1 [E B 2% Be #% W P 56 & B 4 & I (4 5

XDB03020402) F1 [ % [ AR B F e 4 (G5 41272128) Bk B R 2R«

Wi B :2015-07-125 2k 8] H 3 - 2015-08-20 ; 3¢ 4 4 4 - J&] 42k .

YR A AR 55,1988 4. B LWFFE A MG H 52 % k. Email: panjq2012@lzu. edu. en,



%11 4 T EEAKSE  TEIE A MOk B R OC B M IR AL 24 R AIE 5 R 2 2 43 7 2153
91° 90°
30'E 3|5' 4|0’ 4|5' SIO' SIS' OIO'E OIS' lIO' l|5’
40’ (a) Tes- Ter- Teo- for- (b) A0
oM -
0 1.25km
I—
% W # M
B ) HgL
Ll AL
) !
359 D ki /_35
| 33°
30N
25"
J26R Jox
20 20
30'E 350 et d0 45’ 50" 55’ 00'E 05’ 10’ 5%
91 o "‘O’ 92 o “‘
E A LEGRY WP LT IA TRE oA 4 Kils ETEEE
[Q] Quatetnary Xueshan Formation Buqu Formation o Volcanic (~] Strike-slip fault
e .
[EJ apliea) [Ts | R LRLA [Jag | TRP AL BCERAL W= [ EFR S,
},3. Paleogene *-J Suowa Formation 12 Quemocuo Formation Thrust fault Attitude of stratym
* 7 LY L7 ®
AR AEL th o Bl = L] IR BT [ RAFLE
Cretaceous Xiali Formation [’iﬂfﬁ'lﬂTnaSSlc Normal fault Sampling location's
4800 ~ N DERLr S ST
S ~ A LD (¢)
I K SR AT
SO cess s Uy LR 7 LD
= 1O sS&FReweSem),, A g
& 4750 Q,) 000. NL25° [o° VRN ‘Q“ K, A ) ":c,':" Iﬂ) 9 Hh .a' ! i1 ” A 7/%
Iy N 45° J AW\ 7 ) Becy !
& N “ 61 s0° |4_5\° \% N 2 20z ,.,‘,',/_ 77
J I,b 74 65° 200° 68 9
2q 42 J Iy e b Jag 205 e
- 2* R & Tybg 50°
r T T T T T T T T T
0 3 4 5 6 7 8 9 (km)
= T ] (s | x| [ ]
wE RwE  kE KE MR ETE FKIH o H EE EEEH (S
Sandstone Siltstone Mudstone Limestone Bio-limestone Xueshan Formation Suowa Formation Xiali Formation Buqu Formation Quemocuo Formation Bagong Formation

K1
Fig. 1

6 I 7 Mo DX SR 5 1] Cas b) R E A 30 2 40 M )= T 1] (o)

Geologic map of Qiangtang basin and location of Yanshiping area (a,b)

and the cross-section of the Jurassic stratum in Yanshiping area (c)
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Table 1 The statistical parameters of geochemical proxies in each formation of Yanshiping section
K B R % £t v
K™ Na™ Ca Mg Sr K, 0O/ Na, O/ Na; O
Fe/Mn CIA
(X10°%) | (X109 0 0 (X107%) Al Oy Al O /K:0
Min 95. 27 27.48 0.318 0.017 12. 94 88.55 0.183 0.026 0.133 77.59
Fil#H Max 130. 6 61.06 4.724 0.074 91.43 290. 6 0.195 0. 036 0.198 79. 56
Avg 115. 2 41. 47 2.042 0. 044 44. 25 164. 0 0.188 0. 029 0. 156 78.52
Min 18. 38 8.998 1. 901 0.073 33.00 12. 59 0.113 0. 020 0. 089 64.70
RIH Max 338.6 415. 3 30. 70 0.589 463. 7 181. 8 0.221 0.123 0. 939 78.33
Avg 123.9 55.62 18. 25 0.292 248. 8 45. 67 0. 180 0. 054 0. 323 73.90
Min 10.91 0. 284 0.123 0. 024 6.976 4. 852 0.118 0.014 0. 057 62.61
HH4 Max 587. 4 915. 4 19. 65 1. 856 166. 5 295.9 0. 285 0. 142 0. 842 77. 44
Avg 174. 2 70. 26 5.638 0.135 55. 86 107. 8 0.233 0. 064 0. 301 71.57
Min 2.051 4.024 0.121 0. 020 7.212 11.91 0. 095 0. 009 0.034 53.49
A il 21 Max 315.2 112.3 35. 81 1.753 780. 2 498. 7 0. 308 0.217 2.281 79. 35
Avg 99.51 36. 71 27.66 0. 505 427.5 36. 36 0.209 0. 861 0.452 67.30
Min 17.99 3. 380 0.084 0. 008 2.290 4.594 0.063 0. 007 0.033 52.27
AN | Max 445. 2 239.3 21. 21 1. 770 44. 09 1019 0.261 0.243 2.337 84. 44
Avg 150. 6 63. 26 1. 634 0. 083 33.59 188. 6 0. 180 0. 083 0.510 73.53
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Fig. 2 The lithology and the depth profiles of geochemical proxies in Yanshiping section
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Abstract

The gypsum-bearing strata and high-salinity spring have been found widely in the Jurassic strata of the
Qiangtang basin in recent years, suggesting a potential for salt mineralization in the area. This study
performed a comprehensive geochemical analysis in the Jurassic sediments in the Yanshiping area of the
Qiangtang basin, combined with the sedimentary environments analysis, to reveal sea level fluctuations of
Tethys Ocean, paleoclimate changes and potential of potassium deposit formation in the area. In order to
obtain a clear indication of paleo-proxies and using the sediments with gypsum, carbonate and detrital
material, we employed the water and acetic acid to distinguish the elements from water-soluble salts,
carbonates and the silicate minerals in the bulk sediments. The results show that, ) the Fe/Mn ratios and
CaCOj; content in the bulk samples indicate that Buqu and Suowa formations display high sea level with low
Fe/Mn and high carbonate content due to the transgression of the Tethys Ocean; however, the Quemocuo
and Xiali formations were in the regression stage with high Fe/Mn and low carbonate content. @ The
chemical weathering proxies based on the oxides content in the silicate minerals, e. g. , the ratio of Na, O/
Al,O;, and Na, O/K,0 in the acid-insoluble fraction and chemical index of alternation (CIA), exhibit the
much more arid paleoclimate with weak chemical weathering in the source areas periods of Buqu and Xiali
formations, while the relatively less arid climate with strong chemical weathering in periods of Quemocuo
and Suowa formations. @ The K™ and Na™ contents in water soluble salts, which are sensitive proxies of
salt formation, show the much higher concentrations in the Xiali Formation and low concentrations in
other formations. Summarized by provenance, tectonics, paleoclimate, and palegeographical conditions,
the results indicate the Xiali Formation has the great potential of potassium deposits in the Qiangtang
basin. Because Tethys Ocean retreating from the east to the west of the Qiangtang basin in Jurassic and
Yanshiping locates in the eastern margin of the basin, there is no potassium deposits formation but some
gypsum outcrop in this area. The further work of potassium deposits exploration should focus on the Xiali

Formation in the central and western part of the Qiangtang basin.

Key words: Qingtang basin; sediments; geochemistry; salt-forming condition; Jurassic



