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Table 1 Whole-rock mineral composition and content of Permian tuffs at Daping section (%)

A GITE A= A9 e BHCA Jrfe Hafi R kA WL S AH ]
DP1 6.0 0 0 0 0 0 1.8 4.6 1.0 0 86.6
Dp2 16.3 0 0 0 0 72 0 2.0 2.1 0 72.4
DP3 7.7 0 0 0 0 0 2.1 19.4 0.9 0 69.9
DP4 5.3 0 0 0 0 0 1.6 4.1 1.0 0 88.0
DP5 9.7 6.9 0 0 0 1.2 0 3.5 0.7 0 78.0
o DP6 7.5 3.1 0 0 0 0 5.0 8.0 2.3 0 74.1
- DP11 5.0 0 0 0 0 0 3.1 7.9 1.1 0 82.9
- DP12 49 0 0 0 0 0 0 7.8 0.7 0 86.6
" DP13 4.4 0 0 0 0 0 8.7 5.0 0.6 1.9 79.4
DP14 8.1 1.9 0 0 0 0 1.5 2.8 1.0 0 84.7
DP15 8.4 0 0 0 0 0 0 5.8 1.3 0 84.5
DP16 4.5 72 0 0 0 32 3.7 10.3 0.7 0 70.4
DP17 32 0 0 0 0 2.7 2.7 6.3 0.9 0 84.2
DP20 4.8 0 0 0 0 12.5 35 6.7 0.8 0 71.7
DpP7 6.4 0 1.8 4.7 0 0 0 6.2 1.0 0 79.9
2= DP8 5.3 0 0 61.4 0 0 0 0 0.4 0 32.9
_ DP9 10.0 0 0 29 0 0 0 0 1.0 0 86.1
B DP10 5.4 3.8 0 1.9 0 0 0 3.0 1.1 0 84.8
DP19 6.2 0 0 0 0 0 2.5 3.1 0.7 0 87.5

P S 2 A R AR Z Y R 10% F190% (22) s 52 6.2%) & 40471 (0.4%~1.1%) 55 (F 1) ; B £0 ¥y LA
T BB AR S B AL N LA O (32.9%~ R (0~71.8%) SR (28.29%~100%) A
87.5%) (& 3b) , [Al Bf AE E B R SE B A 95 (5.3%~ SFIRIZ T ZE B A ZMPFR A )28 10% F190%
10.0%) FK A (0~3.8%) RHCA (0~1.8%) Jrfirfr (3R2). BEKA 40 R i BEICE BB EEICE Sk
(0~61.4%) | f- K 18 (0~2.5%) . B #F B AL (0~ INZREEKA, BB ICH P BB EEoN KA A
K2 AHHE_BRERERTLBREE(%)
Table 2 Clay types and contents of Permian tuffs at Daping section (%)

A0 % REIRE /% LHFHRIZE /%
JE e TR —— - — — — — E— - — N—
A ik e el Lle A HIZRIZ SFRIZE  FRAZE PRAZE FZRA)Z ka2

DPI 0 737 0 0 26.3 0 10 90 — —

P2 0 61.7 0 0 383 0 10 90 — —

DP3 0 59.5 0 0 40.5 0 10 90 — —

DP4 0 62.3 0 0 377 0 10 9 — —

DPS 0 65.6 0 0 344 0 10 90 — —

. DP6 0 56.3 0 0 437 0 10 90 — —
> DPII 0 415 0 0 58.5 0 10 90 — —
h DPI2 0 475 0 0 52.5 0 10 9 — —
H DPI3 0 229 0 0 77.1 0 10 9 — —
DPI4 0 264 0 0 73.6 0 10 90 — —

P15 0 30.7 0 0 69.3 0 10 90 — —

DPI6 0 292 0 0 708 0 10 90 — —

DP17 0 437 0 0 56.3 0 10 90 — —

DP20 0 454 0 0 546 0 10 90 — —

DP7 0 0 0 0 100 0 10 90 — —

2 DP8 0 0 0 0 100 0 10 90 — —
- DPY 0 0 0 0 100 0 10 90 — —
B DPI0 0 43.0 0 0 57.0 0 10 90 — —
DP19 0 71.8 0 0 282 0 10 9 — —
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Fig.4  Stratigraphic correlation of typical tuffs at wells in northwest Sichuan
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Table 3 Content of major elements in whole-rock Permian tuffs at Daping section (%)
A TE e Si0, K,0 Na,0 Ca0 MgO ALO, TFe,0, MnO TiO, PO, LOI Total
DP1 50.866 5.99 0.052 1.250 2.833 24.77 1.96 0.002 0.868 0.080 10.774 99.445
DP2 55.748 4.62 0.182 0.231 2.956 20.26 4.89 0.002 0.749 0.053 9.488 99.179
DP3 52.037 5.94 0.053 0.951 3.330 2547 1.58 0.002 0.737 0.088 9.028 99.216
Dpr4 48.780 5.93 0.122 0.752 3.235 26.51 2.06 0.003 1.069 0.108 10.341 98.910
DP5 55.632 5.17 0.190 1119 3.024 20.38 2.64 0.002 0.758 0.044 10.396 99.355
DP6 50.320 5.65 0.169 0.794 2.882 24.16 2.01 0.018 1.001 0.249 11.669 98.922
5 DPI11 50.859 6.20 0.116 0.720 2.596 24.58 3.26 0.003 1.052 0.312 9.395 98.093
— DPI12 52.284 4.92 0.058 0.784 3.084 22.35 2.43 0.015 0.723 0.066 12.500 99.214
B DP13 48.774 6.00 0.065 1.881 2.734 24.49 3.94 0.001 0.880 0.142 10.515 99.422
DP14 50.205 5.42 0.082 2311 2.956 22.37 3.80 0.003 0.673 0.129 11.508 99.457
DPI5 49.254 5.67 0.167 0.779 2.893 25.01 2.04 0.003 0.977 0.291 11.768 98.852
DP16 51.172 6.12 0.060 0.595 2.980 25.40 2.86 0.002 0.815 0.191 9.010 99.205
DP17 46.185 5.05 0.191 0.913 2.995 22.11 6.61 0.003 0.747 0.061 14.454 99.319
DP18 49.251 5.36 0.055 0.970 3.312 22.94 2.41 0.002 0.876 0.058 13.900 99.134
DP20 47.352 6.21 0.351 1.052 2.587 23.15 6.86 0.007 1.057 0.064 11.540 100.231
DP7 55.352 4.67 0.185 0.574 2.269 20.63 1.85 0.012 0.824 0.098 13.358 99.831
2= DP8 53.292 4.64 0.170 2.191 2.280 2547 1.25 0.008 0.641 0.217 9.521 99.680
- DP9 32.677 3.27 0.105 20.66 1.567 17.52 0.93 0.034 0.367 0.103 22.354 99.584
B DP10 51.721 4.89 0.076 1.410 2.460 24.88 3.88 0.003 0.469 0.031 9.916 99.736
DP19 46.547 5.98 0.241 2.865 2.995 25.45 1.86 0.004 1.204 0.048 13.201 100.412
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Formation and Types of Tuff Reservoirs: A case study of Permian
Wujiaping Formation at Daping section, northwestern Sichuan Basin
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Abstract: [ Objective ] Marine carbonates of the Permian Wujiaping Formation commonly occur in tuffs in northwest
Sichuan. The tuff beds vary in thickness, and therefore have different natural gas storage capacities. The Wujiaping
Formation at the Daping section is 45.02 m thick, and subdivided into two members. Individual tuff beds are 5-55 c¢m
thick. Measurements of geochemical parameters were conducted on tuff samples, taking their reservoir types into
account.[ Methods] A synthetic database of microfacies was developed for major and trace elements and zircon U-Ph
using XRD and scanning electron microscopy (SEM).[ Results ] The tuffs are mainly volcanic dust composed of glass
chips smaller than 0.05 mm. The mineral composition of the tuffs is mainly illite and illite/montmorillonite mixtures,
and they contain small amounts of quartz and gypsum. The Wu 1 member contains a high Al,0,/TiO, ratio (23.36-
34.56) , a low Si0,/AL0, ratio (1.84-2.75) and obvious negative anomalies of Eu, Ba, Sr and Ti. The Wu 2 member
has a high ALO,/TiO, ratio (21.140-53.049) , a low SiO,/ALO, ratio (1.829-2.682) and a moderately negative Eu
anomaly, with strong depletion of elements such as Nb and Ti.[ Conclusions ] These element profiles indicate that
the volcanic debris has undergone strong secondary alteration. The tuffs were sourced from multiple acid volcanic
eruptions in Emeishan large igneous province, and were formed in an intraplate extensional environment. The Wu 2
member tuffs were also affected by crust-mantle mixing. Reservoir space types include cavities, irregular dissolution
pores, intra- and intergranular dissolution pores, organic matter pores, fractures, etc. The U-Pb age of hydrothermal
zircon is dated at 132.37 £0.53 Ma. The tuff reservoirs have also been influenced by various other factors such as Low-
er Cretaceous hydrothermal fluid and tectonic activity.

Key words: forming of tuffs; reservoir types; Emeishan large igneous province; Wujiaping Formation; Permian;

northwestern Sichuan Basin



