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Fig.1 Tectonic location of the Qiangtang Basin (a) and paleoreservoir dolostones of the Buqu Formation and the location of

the well GK-1 (b) (modified from reference [18])
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Fig.2  Stratigraphy and chemostratigraphy of the Buqu Formation in the well GK-1
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Fig.3 Core and microscopic pictures of carbonate rocks from the Buqu Formation in the well GK-1

(a) bioclast packstone showing gastropods (yellow arrow), bivalves (white arrow), and echinoid fragments, 125.30 m, C1 cycle, plane-polarized light (PPL); (b) ooid grainstone

showing sparry calcite cement (yellow arrow) and ooid with bivalve nuclei (white arrow), 124.88 m, C1 cycle, PPL; (c) gastropod within ooid grainstone (white arrow), 89.84 m,

C4 cycle, PPL; (d) bioclast packstone showing blue-green algae (yellow arrow) and echinoid fragments (white arrow), 104.87 m, C4 cycle, PPL; (e, f) bioclast wackestone, lack

of gastropods and bivalves, from C7 and C5 cycle, PPL; (g) coarse crystalline dolomite showing selective pores within grain ghost and asphalt distributed at the edge of the se-

lective pores (white arrow), 114.14 m, C1 cycle, PPL; (h) coarse crystalline dolomite showing selective pores infilled calcite cements, 116.92 m, C1 cycle, PPL; (i) core photo-

graph showing abundant needle-shaped pores in dolostone without meteoritic diagenesis and obvious sedimentary structure

i AL IR AR A ARG T R BB S REY 2R EAIL,
MHAS A REY KT KA. Ha AT
S REY 4t T 0.440x10°~1.605x10° ( °F- 4 {1 24 0.923%
10°, n=15) 5 JK & F¢ i B9 3 REY 4 T 2.341x10°~
7.254x10°CF-{H M 3.894x10°,n=T7)

H 2 A AR B £ e R E A an i 4 s,
A 1 (La/Yb)  FUfE/NF 1, A o0 R A=K
AR T E 4R HREE 19 22 0 7 A =X 5 KA FF ah i
(La/Yb) R T 1, AT —AFES N 1, AR &
£E LREE, it /M5 T8 . e RE S i #s oo &
Bie A 20 A B A0 Y 1IE S, Y/Ho (B4 T 35.63~
75.55 M N 56, n=22) . = A B CelCe /it T
0.55~0.78 CE-H4{E H 0.63,n=15) , JK 1 CelCe /i T

0.80~0.88 (CE-XI{H M 0.84,n=7) . N HERIP A=A
1 Ce/Ce /NT KA (K 2) .
333 EMELEHAE

GK-1 - 2H Ak TR 2 it 0 it B H L 3
3, Bk R R A AE i B0 R FZH CaO . MgO 4 AL,
SA FJRA CaO T, s MgO i . Hao
# Ca0 F AT 30.20%~35.90% (CEX{E 4 31.69%,
n=15) , MgO & & /v T 16.80%~21.70% (V- ¥ {8 Hy
20.34%, n=15) ; JK ‘& W) CaO & i /v T 44.40%~
55.10% (¥ {8 K 52.37%, n=7) , MgO & & T
0.37%~9.49% (SF-Y(E H 2.71% , n=7) ; BT A MR 5
i) ALO, & AT 0.061%~0.120% (218 4 0.085%,
n=22),Ti0, & 4T 0.000 2%~0.001 3% (SEHI{E N



Foll FIAEAT AR R PRI Tl b HLORUBE ] v 2 S Pk 0 AT R AE AT 5 2073

R1 GK-1HAHm i EREREE A Mk AR REIRE

Table 1 Carbon and oxygen isotope data of carbonate rocks from the Buqu Formation of the well GK-1

FESh S ATk M R /m Copp /%0 80, 1%0 | FEERGS ATk B R /m Copp/%0 0,/ %0
GK-1-172 HmA =% c7 7.65 3.18 -10.77 GK-1-59 HmA=s C4 80.83 -0.23 -12.66
GK-1-170 RIS Paay c7 8.57 3.33 -12.15 GK-1-58 bitkTISPavay C4 81.57 0.24 -11.68
GK-1-168 bisTY & bavas C7 11.19 3.35 -11.25 GK-1-57 i S bawas C4 81.89 -0.04 -12.11
GK-1-167  {LBRRLIER K S c7 11.42 1.32 -15.59 GK-1-55 A ss C4 83.47 1.28 -11.85
GK-1-165  {RIRALIERL A c7 13.87 0.41 -12.56 GK-1-52 HEmH =S C4 86.60 1.40 -11.72
GK-1-162 A BRI c7 15.87 0.66 -12.33 GK-1-51 SR TR R C4 87.47 -0.09 -12.00
GK-1-161 Wi HE = C6 16.67 3.28 -11.63 GK-1-49 Pk 5ok JR C4 89.70 0.81 -12.24
GK-1-156 bitkTIE baw et C6 20.45 273 -11.60 GK-1-47 A TR IR c4 90.50 0.77 -12.56
GK-1-152 LIRS baw ey C6 23.72 3.17 ~11.44 GK-1-46 bitkTISbavey c3 90.88 3.20 -11.83
GK-1-145 MHE =S C6 28.55 3.75 -10.79 GK-1-44 A= C3 92.10 3.36 -11.92
GK-1-141 A C6 30.68 3.09 -11.63 GK-1-42 A ES C3 92.99 3.06 -11.38
GK-1-136 EETTS Parey C6 34.49 2.10 -11.32 GK-1-40 M= C3 94.15 251 -11.59
GK-1-132 LR hT TS bae ey C6 36.51 3.23 -11.34 GK-1-39  ‘EJRIkIKE c3 95.59 2.90 -11.36
GK-1-128 MH =S C6 39.36 3.73 -11.07 GK-1-37  ABRKKE  C3 97.29 0.89 -12.01
GK-1-125 FiNT IS bae s C6 41.73 2.95 -11.55 GK-1-35  AJBWRKE  C3 99.01 0.54 -12.19
GK-1-124 BRI C6 4239 0.34 -13.83 GK-1-33  AJEIRkIKSE  C3 100.90 1.10 -11.65
GK-1-122 AT IR A c6 43.31 1.34 -12.89 GK-1-31 AT IR A c3 104.87 0.96 -11.21
GK-1-121 MidH = (05] 43.73 3.18 -10.97 GK-1-29 A TR IR C3 106.39 1.05 -11.24
GK-1-115 LRibRIEbae sy (o 48.37 2.58 -11.71 GK-1-28 A =E Q2 106.78 2.97 ~11.46
GK-1-109 EiETTS Paeay (o 51.09 3.43 -10.80 GK-1-26 kiR K 7 c2 107.47 3.08 -12.16
GK-1-104 itk ISPavey cs 53.93 3.35 -10.77 GK-1-24 RS Paay c2 108.53 3.32 -11.58
GK-1-99 MHEE cs 55.82 3.81 -10.11 GK-1-22 M = 2 109.27 3.38 -9.90
GK-1-98 A SRR K A cs 56.46 0.79 -10.88 GK-1-20 A ss C2 110.96 3.32 -11.22
GK-1-96 PIBRRLIEAL I (o 57.50 1.18 -13.23 GK-1-18 PR B 2 112.00 3.56 -11.02
GK-1-94 A BRI cs 58.10 1.87 -11.59 GK-1-16 A HE = c2 113.13 3.17 -12.40
GK-1-91 e E = C4 58.95 3.39 -10.85 GK-1-15 PRI RL IR C2 113.62 0.40 -13.03
GK-1-85 M ss C4 62.50 3.50 -10.47 GK-1-14 M ss Cl 114.02 3.15 -12.03
GK-1-79 LR ba ey C4 65.99 3.46 -10.73 GK-1-12 bitkTISPavey Cl 114.60 2.97 -11.77
GK-1-74 it b as c4 70.34 2.69 -11.88 GK-1-10 TS baas cl 115.54 3.15 -11.16
GK-1-71 biikTIE bav os C4 72.33 2.44 -13.19 GK-1-8 A ss Cl 119.42 2.68 -12.12
GK-1-69 HmH =% C4 73.82 3.84 -11.24 GK-1-6 LRitnIE by Cl 120.42 2.96 -11.50
GK-1-66 itk IS Pavey C4 75.23 3.16 -11.07 GK-1-5 A B e R Cl 121.64 2.06 -12.28
GK-1-63 TS bawas C4 77.48 0.10 -12.25 GK-1-3 A BRI Cl 123.53 0.94 -11.76
GK-1-61 biiTIE baw s C4 78.84 0.50 -12.34 GK-1-1 A TR Cl 125.28 0.60 -12.59
GK-1-60 Hm =% C4 80.05 2.96 -11.61
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Selective Dissolution of Non-freshwater Origin and Its Differential
Distribution Within Sedimentary Cycles: A case study from the Buqu
Formation of the well GK-1, Qiangtang Basin, China
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Abstract: [Objective] Selective dissolution is common in marine carbonates, and its origin is typically related to
meteoric fluids, although other possible origins lack investigation.[ Methods ] In this study, the origin of the marine
selective dissolution of the Buqu Formation of the well GK-1 in the South Qiangtang Basin of China is investigated
based on petrography, stable carbon and oxygen isotopes, and elemental geochemistry.[ Results] Eight sedimentary
cycles (C1 to C8 from bottom to top) were recognized from the studied Buqu Formation. Each cycle has limestone in

the lower part and dolostone in the upper part. These eight cycles were divided into two types (A and B) according to
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different carbonate components. The limestone in the type A cycle (C1-C4) is dominated by bioclastic packstone and
grainstone, while that in the type B cycle (C5-C8) is dominated by bioclastic wackestone and packstone. Upwards
from the type A cycle to the type B cycle, the content of aragonite fossils (gastropods and bivalves) in the limestone
decreases and the content of peloids increases. The dolomite in both type A and type B cycles is crystalline dolomite,
with ooid ghosts showing selective dissolution pores. Importantly, the overall percentage of selective dissolution pores
in type A cycles is significantly higher than that in type B cycles. In terms of geochemistry, the carbon and oxygen iso-
topes of dolostone are higher than those of the limestone in each cycle. Rare earth elements and yttrium concentrations
(0.44x10°-7.25%10°) of dolostone and limestone are extremely low, and the Y/Ho ratios (35.63-75.55) are basically
within the range of modern seawater. Dolostone exhibits a seawater-like PAAS-normalized REY pattern, showing a
left-leaning style with relatively depleted LREE and enriched HREE, while the PAAS-normalized REY pattern of the
limestone is relatively flat. Furthermore, Ce/Ce’ values of the dolostone range from 0.55 to 0.78 (average 0.63), and
the Ce/Ce” value of the limestone ranges from 0.80 to 0.88 (average 0.84). The concentrations of redox-sensitive
elements (U, Mo, V) are very low, and the V/(V+Ni) ratios range from 0.01-0.39. In each cycle, Cu and Zn in the
dolostone are higher in content than in the limestone, and type A cycles have higher Cu and Zn content overall than
type B cycles.[ Conclusions ] Based on lithology and sedimentary components, the Buqu Formation of well GK-1 was
likely deposited in shallow marine grain-shoal settings, with seawater restricted from type A cycles to type B cycles.
Based on comprehensive petrological and geochemical analysis, the selective dissolution herein is interpreted to be
produced by early marine diagenesis, rather than meteoric diagenesis or deep burial. During early marine diagenesis,
aragonite may be selectively dissolved by undersaturated pore fluids via organic matter decomposition. In the sedimen-
tary cycles, the differential development of selective dissolution is probably controlled by aragonite content, paleopro-
ductivity, and the early marine diagenetic redox boundary. In a single cycle, the dolostone interval is characterized
by higher paleoproductivity and more oxic pore water than the limestone interval during early diagenesis, favoring the
production of undersaturated fluids and the formation of selective dissolution pores. Compared to type B cycles, type
A cycles have higher aragonite content, higher paleoproductivity, and a lower early marine diagenetic redox bound-
ary, thus resulting in the better development of selective dissolution.

Key words: South Qiangtang Basin; Buqu Formation; marine carbonate rocks; selective dissolution



