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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 Strati% aw’jpmostratigraphy of'the Buqu Formation in the well GK-1
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Fig.3' Core and microscapic pictures of carbonate rocks from the Buqu Formation in the well GK-1

FIRE 2Bk (A fEisk), 89.84m, C4 BEMEl, Hiit;

(a) bioclast packstone showing g: s (yellow arrow), bivalves (white arrow), and echinoid fragments, 125.30 m, C1 cycle, single
polarized light; (b)©oid grainstone showingsparry calcite cement (yellow arrow) and ooid with bivalve nuclei (white arrow), 124.88 m,
Cl1 cycle, single polarized light; (c) gastropod within ooid grainstone (white arrow), 89.84 m, C4 cycle, single polarized light; (d) bioclast
packstone showing blue-green algae (yellow arrow) and echinoid fragments (white arrow), 104.87 m, C4 cycle; single polarized light;
(e~f) bioclast wackestone, lack of gastropods and bivalves, from C7 and C5 cycle, single polarized light; (g) coarse crystalline dolomite
showing selective pores within grain ghost and asphalt distributed at the edge of the selective pores (white arrow), 114.14 m, C1 cycle,
single polarized light; (h) coarse crystalline dolomite showing selective pores infilled calcite cements, 116.92 m, C1 cycle, single
polarized light; (i) core photograph showing abundant needle-shaped pores in dolostone without meteoritic diagenesis and obvious

sedimentary structure
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H—MER/NT 1, HARXT 4 LREE, BBl T P48 frda e dh s oo R o Bk
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Table 1 Carbon and oxygen isotope data of carbonate rocks from the Buqu Formation of the well GK-1

B =k W PR /m lscim; lsoiDB R = Jigll PR /m Bcima moima

/%o 1%o /%o /%o
GK-1-172 ik =pa C7 7.65 3.18 -10.77 GK-1-59 ik =pa C4 80.83 -0.23 -12.66
GK-1-170 M A BE c7 8.57 3.33 -12.15 GK-1-58 iR =pa C4 81.57 0.24 -11.68
GK-1-168 M A = E C7 11.19 3.35 -11.25 GK-1-57 M A = E C4 81.89 -0.04 -12.11
GK-1-167 BRI R A C7 11.42 1.32 -15.59 GK-1-55 ik =pa C4 83.47 1.28 -11.85
GK-1-165  fARRKLIE R & c7 13.87 0.41 -12.56 GK-1-52 M EA = A C4 86.60 1.40 -11.72
GK-1-162 A B PR C7 15.87 0.66 -12.33 GK-1-51  SfRCFRIKRE — C4 87.47 -0.09 -12.00
GK-1-161 JisbISbar = c6 16.67 3.28 -11.63 GK-1-49  fiififithi ks C4 89.70 0.81 -12.24
GK-1-156 M A = E c6 20.45 2.73 -11.60 GK-1-47 AR KE  C4 90.50 0.77 -12.56
GK-1-152 TG E s C6 23.72 3.17 -11.44 GK-1-46 il = RS C3 90.88 3.20 -11.83
GK-1-145 M A BE Cc6 28.55 3.75 -10.79 GK-1-44 M En A C3 92.10 3.36 -11.92
GK-1-141 MARH C6 30.68 3.09 -11.63 GK-1-42 bitpT ISP =] C3 92.99 3.06 -11.38
GK-1-136 AT H C6 34.49 2.10 -11.32 GK-1-40 Gl TP C3 94.15 2.51 -11.59
GK-1-132 PR E DS Cc6 36.51 3.23 -11.34 GK-1-39  A9glghoiks €3 95.59 2.90 -11.36
GK-1-128 A S H c6 39.36 3.73 -11.07 GK-1-37 C3 97.29 0.89 -12.01
GK-1-125 AT H c6 41.73 2.95 -11.55 GK-1-35 C3 99.01 0.54 -12.19
GK-1-124 A B PRI Cc6 42.39 0.34 -13.83 GK-1-33. B lekiKE C3 100.90 1.10 -11.65
GK-1-122 A BRI C6 4331 1.34 -12.89 GK-1-31  AJgiekiis . C3 104.87 0.96 -11.21
GK-1-121 EiEra [o5] 43.73 3.18 -10.97 GK-1-29  AJgkixE €3 106.39 1.05 -11.24
GK-1-115 WAl A =4 Cs 4837 258 < Wl %. GK-1-28  PflmE=%E  C20 10678 2.97 -11.46
GK-1-109 Al = A cs 51.09 343 10780 31(-1-26 kI RLAE . C2 107.47 3.08 -12.16
GK-1-104 W EEE cs 53.93 3.35 -10.97 GK-1-24 AT 2 108.53 3.32 -11.58
GK-1-99 A E = cs 55.82 3.81 -10.11 GK-1-22 A =5 c2 109.27 3.38 -9.90
GK-1-98 FEJE R C5 56.46 0.79 -10.88 GK-1-20 LIS P ] C2 110.96 3.32 -11.22
GK-1-96  RIBRRLRKI KA .C5 57.50 1.18 -13.23 CGK-1-18 HHl#AZ=E  C2 112.00 3.56 -11.02
GK-1-94 A IR AR (o] 584 1.87 -11.59 GK-1-16 ik =pa C2 113.13 3.17 -12.40
GK-1-91 HEEEE c4)3- 8.95 A3‘39 -10.85 GK-1-15 ik g boi A 2 113.62 0.40 -13.03
GK-1-85 HeaE A C4 622 3.50 -10.47 GK-1-14 M EA = E Cl1 114.02 3.15 -12.03
GK-1-79 TG E =4 C4 65.99 3.46 -10.73 GK-1-12 iR =pa Cl1 114.60 2.97 -11.77
GK-1-74 bbbl c4 70.34 2.69 -11.88 GK-1-10 bbbl Cl 115.54 3.15 -11.16
GK-1-71 bitP ISP ] c4 72.33 2.44 -13.19 GK-1-8 bitr ISP C1 119.42 2.68 -12.12
GK-1-69 ik =pa c4 73.82 3.84 -11.24 GK-1-6 PHSARE Cl 120.42 2.96 -11.50
GK-1-66 LEELISPa ) C4 75.23 3.16 -11.07 GK-1-5 LR E  Cl 121.64 2.06 -12.28
GK-1-63 k= pa C4 77.48 0.10 -12.25 GK-1-3 R KE  Cl 123.53 0.94 -11.76
GK-1-61 iR =pa c4 78.84 0.50 -12.34 GK-1-1 EERRAKE  Cl 125.28 0.60 -12.59
GK-1-60 M A = E C4 80.05 2.96 -11.61
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Table 2 Rare earth element concentrations (x10), elemental ratios, and Ce anomaly of carbonate rocks from the Buqu Formation in the well GK-1

P ey Jiglml La Ce Pr Nd Sm Eu Gd Tb Dy Y. Ho Er Tm Yb Lu REY Y/Ho (La/Yby  Ce/Ce*
GK-1-172 ISP B 0115 0151 0032 0146 0036 0.006 0.036 0.006 0.039 <0316 0007 0022 0.003 0020 0003 0938 4514 0.42 0.64
GK-1-152  HHSA=H B 0060 0063 0011 0.043 0.007 0002 0010 0002 0013 0199 0004 0011 0002 0011 0.002 0440 49.75 0.40 0.65
GK-1-136 AT H B 0065 0.110%_0,078¢_ 0075 0019 0.004 0024 0004 0032 - 0285 0.008  0.021 0003 0018 0003 0689 3563 0.27 0.74
GK-1-115  HHSA=H B 0071 0.066y 0.0%3 / 0.049 0010 0.003 0.013 0.003 0020 0331 0.005 0018 0.003 0020 0.003 0.628 66.20 0.26 0.55
GK-1-109 AT H B 0077 0075 0w16 0065 0015 0.003 0.019. 0004 0028 < 0.419 0007 0025 0004 0025 0.005 0787 59.86 0.23 0.55
GK-1-85 bitb ISP =] A 0078 0122 0.020 0084 0.019 0.003 0019 0003 0022 0319 0.005 0017 0003 0017 0003 0734 63.80 0.34 0.55
GK-1-71 ISP A 0116 0111 0027 0116 0030< 0.006 0033 0006 »0041 054 0010 0030 0005 0032 0005 1.114 54.60 0.27 0.52
GK-1-66 bitb ISP =] A 0091 0125 0.022 008 0.020 0.004 0023 0004 ~ 0030 0387 0.007 0022 . 0.004 0023 0004 0855 5529 0.29 0.55
GK-1-55 LIS PAES) AN, _0:182 0304 0047 0.182 0038 0.008 0038 0006 0038 0488 0.008 0024 0004 0020 0003 139 61.00 0.67 0.72
GK-1-46 bitb ISP =] A ] 008 0116 0020 0084 <0019 0003 0.022 0.004 0030 0372 0008 0.024 0.004 0.025 0004 0821 46.50 0.25 0.71
GK-1-40 AT H A 0177 0328 0048 0.190 0045 0.007 0046 0.009. 0061 0593 0013 004l . 0006 0.036 0005 1.605 45.62 0.36 0.78
GK-1-28 P A= A 009 0112 0.021 0088 0.021 0004 0024 0004 0030 0366 0.007 0022 0003 0021 0004 0823 5229 0.34 0.65
GK-1-24 AT H A 0089 009 0020 008 0023 0004 0027 0005 0035 » 04000 0008 0025 0004 0026 0004 0848  50.00 0.25 0.57
GK-1-16 bitb ISP =] A 0120 0112 0.022 0098 0.023 - 0.005 0028 0005 0.038 0534 0009 0.028 0.004 0.030 0005 1.061 59.33 0.30 0.67
GK-1-6 AL A A 0147 0.148 0028 0.113 0024 0005 0029 0005 0037 0497 0009 0029 0004 0029 0005 1.109 5522 0.37 0.62
GK-1-165  fABRKLYE KK B 0.468 10.766  0.098 0.358 0.062 0.012 0.056 0.008 < 0.044 0.653 0.010 0.028 0.003 0.022 0.003 2.591 6530 1.57 0.83
GK-1-124 A JBIRIKE B 12232297 0305 1.119. 0.186  0.037 0.162 0.023 ~0.128 1556 0.028 0081 0012 0084 0013 7254 5557 1.07 0.80
GK-1-96 BRI KK & B 0.716  1.134 0.135 0485 0.089 0.019 0.085 0.012 0.069 0591 0014 0.038 0.005 0.029 0004 3425 4221 1.82 0.88
GK-1-49 i KT RTORL A A 0845 1116 0132 0464 0067 0020 0074 0008 0048 0831 0011 0032 0005 0029 0005 3.687 7555 2.15 0.86
GK-1-35 A JE R A 098 1307 0.155 0547 0.082 0.025 0.092 0011 0060 0.829 0012 0032 0004 0026 0004 4172  69.08 2.80 0.87
GK-1-15 LPINEY T A 0325 0530 0075 029 0057 0012 0059 0009 0059 0815 0014 0041 0006 0.039 0006 2341 5821 0.62 0.80
GK-1-1 BRI A 0832 1.008 0.129 0459 0.076 0.022 0.083 0.011 0069 0990 0.015 0043 0.006 0036 0.006 3.785  66.00 1.71 0.81

PAAS 38.2 79.6 8.83 339 5.55 1.08 4.66 0.774 4.68 27 0.991 2.85 0.405 2.82 0.433
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Table 3 Major and trace elements\of carbonate rocks from the Buqu Formation in the well GK-1

B2 wk hlﬁli Ca0  MgO TFe,0; ALOs  TiO:  P0s Fe Mn Sr U Mo v Cu Zn Ti Ni Mn/Sr V{\SX*
% % % % % % x10° x10°¢ %106 %10 %10 %106 %10 %106 %10 %10
GK-1-172 LiiLIs b = B 3050  21.40 0.140 0.090  0.0009  0.027  980.00 116.22 35.24 0.086 0.003 0.720 0.170 3.489 0.998 1.257 3.30 0.36
GK-1-152 PR EZS B 3090  21.00 0.089 0,061 00004 0017  623.00 73.20 41.46 0.101 0.003 0.607 0.163 3.298 0.892 2.836 1.77 0.18
GK-1-136 EifnISb = B 3230 19.80 0.150 0.098 ™ 0.0005  0.024 1050.00  135.12 4533 0.077 0.005 0.667 0.311 10.892 1.065 2.223 2.98 0.23
GK-1-115 PR EZS B 3260 1950 0.110 0420 00011 0019  770.00 86.47 40.22 0.207 0.005 1.165 0.452 15.612 0.835 1.394 2.15 0.46
GK-1-109 EifnISb = B 3050 2130 0.110 0.074 00009  0.019  770.00 110.25 44,59 0.183 0.007 0.770 0.258 4012 0.648 1511 2.47 0.34
GK-1-85 Az A 3070 21.20 0.150 0.088  0.0008  0.028 1050.00 12548 42.74 0.151 0.013 1.519 0.286 6.169 1111 1.471 2.94 0.51
GK-1-71 [iiLIE b = A 3580  16.80 0.170 0.083 00001  0.018 1.190.00 68.98 116.32 0.098 0.055 0.587 0.520 15.292 0.882 4522 0.59 0.11
GK-1-66 kRSP A 31307 _70:60 0.260 0.100 00005 0020 182000  113.76 49.36 0.191 0.004 1.395 0.232 13.297 0.121 1.792 2.30 0.4
GK-1-55 [iiLIs b = A 359071690 0.110 0.094  0.000 1 0.015  770.00 169.9 120.90 0.050 0.003 1.295 0.279 21.945 0.545 5.629 1.41 0.19
GK-1-46 Az A 3040 2140 0.083 0.076.4.0.0009 ~ 0.018  581.00 12613 44.98 0.103 0.005 0.956 0.208 5.147 0.783 1.159 2.80 0.45
GK-1-40 EifLISb = A 3250  19.60 0.130 0410 00002  0.023 - 910.00 106.54 46.41 0.127 0.006 0.853 0.471 15.169 1.090 1.169 2.30 0.42
GK-1-28 WA A A 3040  21.50 0.100 0.072  0.0012  0.015  700.00 84.78 36.22 0.091 0.010 0.586 0.127 2.507 1.548 1.562 2.34 0.27
GK-1-24 EifLISb = A 3030  21.70 0.049 0.071 . <0.001 1 0.014  343.00 100.21 28.72 0.083 0.020 0.413 0.181 1.499 1378 2.741 3.49 0.13
GK-1-16 Az A 3020 21.60 0.086 0.072 00011 0017 602.00 64.85 32885 0.100 0.052 0.328 0.149 3.125 1314 1.573 1.97 0.17
GK-1-6 PHEEASE A 3110 2090 0.220 0074 0.0012 . 0.016 154000 11457 50.16 0.094 0.005 0.927 0.183 7.782 1.396 1.352 2.28 0.41
GK-1-165 M}*@E*ﬂf‘ B 5040 437 0.017 0.069  0.0002 0018  119.00 67.69 177.65 0.109 0.003 0.501 0.120 4.125 0.301 1.699 0.38 0.23
GK-1-124 LB B 5510 039 0.170 0.120 . 0.0004  0.018 . 1.190.00 58.73 253.79 0.080 0.005 0.490 0.131 9.788 0.190 1.805 0.23 0.21
GK-1-96 M}**;f*v Ko g ss100 037 0.073 0120 0.0007  0.040 51100 49.44 311.69 2.792 0.076 4.529 0.326 7.076 0.480 2.142 0.16 0.68
GK-1-49 St TR K A 52.40 2.79 0.081 0.072 . 0.0007  0.016  567.00 68.70 188.15 0.105 0.004 0.434 0.119 11.577 0.137 1.663 0.37 0.21
GK-1-35  AEERKE A 5510 041 0.082 0.070 0.0013 0014  574.00 50.62 197.79 0.114 0.007 0.487 0.136 4.152 0.087 12.827 0.26 0.04
GK-1-15 SRRk SE A 4440 949 0.100 0.068  0.0007 . 0.016  700.00 130.23 132.13 0.074 0.005 1.170 0.259 20.897 0.895 1.610 0.99 0.42
GK-1-1 ARBURKE A 5410 121 0.200 0.076  0.0006  0.014  1400.00 55.61 199.86 0.129 0.006 0.340 0.145 4.633 0.723 1.594 0.28 0.18
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Selective Dissolution of Non-freshwater Origin and Its
Differential Distribution within Sedimentary Cycles: A case
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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 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
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of geochemistry, the carbon and oxygen isotopes of dolostone are higher than those of the limestone in each cycle.
Rare earth elements and yttrium concentrations (0.44x10~7.25x10) 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 0.04 to 0.45. 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 d’ecomposition. In the sedimentary cycles,
the differential development of selective dissolution.is probably controlled by\aragonite content, paleoproductivity,
and the early marine diagenetic redox boundary. In a single cycle, the st@epnterval 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
boundary, thus resulting in the better development @Ps&%&gi dissolution.
<

Key words: south Qiangtang Basin; Buqu Formation; matine carbonate rocks; selective dissolution
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