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Geochemical characteristics of Paleogene sandstones in Nanggen basin and
their implications for provenance and sedimentary environments

DU Hou-fa', JIANG Yong-biao', HOU Zeng-qian'*?, YAN Zhao-bin®, GUO Fu-sheng' and GUO Guo-lin®
(1. College of Earth Sciences, East China Institute of Technology, Fuzhou 344000, China; 2. Institute of Geology, CAGS,
Beijing 100037, China; 3. MOE Key Laboratory of Nuclear Resource and Environment, East China Institute of Technology,

Nanchang 330013, China)

Abstract: Geochemical characteristics of detrital sandstones provide an extremely important trace and indication
for provenance, paleoclimate, depositional environment and properties of source rock. On the basis of field geo-
logical investigation, the authors studied the characteristics of trace and rare elements of the sandstones and
probed into the features of depositional environment, paleoclimate and provenance by analyzing the change of the
trace and rare element components of the sandstones. Sampling was conducted along the section of well-devel-
oped outcrops, and the weathered and altered samples were rejected under a microscope. The trace element con-
tent of sandstone samples collected from Gonjo Formation was determined by inductive coupling plasma mass
spectrometry (ICP-MS). The sedimentary environment and properties of the source region of the sandstones in
the Gonjo Formation were also investigated by means of ratios of Sr/Ba, Ce/Ce”, Th/Sc, Th/U and La/Th as
well as graphic interpretation of depositional structure background and cross-analysis of such multiple parameters
as La/Sc— Co/Th, Th—Hf - Co, Th/Sc— Sc and La/Yb->REE. The results show that cerium was subjected

to deficiency, and that the physicochemical properties of water bodies belonged to the oxide environment, because
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the ratio of Ce/Ce” is between 0.80 and 0.93, and the index of Ce,,, is between —0.34 and —0.5. The val-
ues of deep source elements in trace elements are lower than the average value of earth crust claystone, which in-
dicates that the sources of sediments were mainly derived from terrestrial material. Terrestrial elements and the
average of earth crust clayrock are evenly matched, which reflect high deposition rate. The ratios of trace ele-
ments show obviously that the sedimentary environments were of fresh water quality, oxidizing environments
and arid torrid climate during the period of the deposition of Gonjo Formation in the Paleogene basin, with the
further deposition of the sediments consisting of salt, gypsum and marl. The LREE content is obviously en-
riched in comparison with the HREE content, with negative Eu anomalies shown in the chondrite aerolite stan-
dard pattern of sandstone of Gonjo Formation. However, the LREE content is slightly enriched, with indistinct
Eu anomalies shown in the North American shale standard pattern of sandstone, which suggests that the deposi-
tional environment was an oxidizing environment with typical sedimentary characteristics. Based on an analysis
of the ratios of trace elements such as Th/Sc, Th/U and La/Th as well as an analysis of such diagrams as LLa/Yb
—>REE, the authors have arrived at the conclusion that the diverse sources mainly came from felsic source re-
gion of the upper crust, and that their original rocks were sedimentary rocks, acid volcanic rock and tholeiite.

Key words: Nanggen basin; trace element; rare earth element; provenance; deposition environment
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Table 1 REE data and parameters of sandstone samples from Nanggen Paleogene basin

ys009 ys010 ys018 ys022 ys034 ys043
Eg* Eg* Eg* Eg’ Eg’ Eg’ Boynton Haskin
1984 1968
La 17.7 17.3 19.4 23.3 23.1 25.2 21.00 0.31 32
Ce 32.4 32.2 29.6 43.8 42.7 47.4 38.02 0.81 73
Pr 3.93 3.81 3.41 4.76 5.12 5.59 4.44 0.12 7.9
Nd 15.1 15.5 13.4 18.8 20.1 22.1 17.50 0.6 33
Sm 2.93 3.03 2.59 3.47 3.67 4.45 3.36 0.2 5.7
JO 0.6 0.67 0.53 0.72 0.76 0.88 0.69 0.07 1.24
Gd 2.47 2.81 2.04 3.05 3.29 3.78 2.91 0.26 5.2
Th 0.42 0.46 0.36 0.47 0.55 0.66 0.49 0.05 0.85
Dy 2.34 2.27 2.06 2.85 2.83 3.57 2.65 0.32 5.8
Ho 0.4 0.42 0.39 0.49 0.49 0.67 0.48 0.07 1.04
Er 1.22 1.31 1.22 1.5 1.62 2.06 1.49 0.21 3.4
Tm 0.2 0.19 0.19 0.22 0.24 0.32 0.23 0.03 0.5
Yb 1.34 1.32 1.4 1.46 1.6 2.07 1.53 0.21 3.1
Lu 0.2 0.21 0.21 0.23 0.23 0.31 0.23 0.03 0.48
Y 12.7 13.5 11.0 14.4 15.2 19.8 14.43
SREE 81.25 81.5 76.79 105.12 106.3 119.06 95.00
SLREE 72.66 72.51 68.93 94.85 95.45 105.62 85.00
>SHREE 8.60 9.00 7.86 10.26 10.85 13.44 10.00
SLREE ZHREE 8.45 8.006 8.76 9.24 8.80 7.86 8.53
La Yb 4 1.28 1.27 1.34 1.55 1.40 1.18 1.34
La Yb 8.93 8.86 9.36 10.78 9.76 8.23 9.32
oEu 0.66 0.69 0.68 0.67 0.66 0.64 0.67
0Ce 0.88 0.90 0.80 0.93 0.89 0.90 0.88
Ce Co* 0.92 0.94 0.85 0.98 0.93 0.95 0.93
Cenom -0.37 —0.36 -0.53 —-0.34 -0.37 -0.35 -0.39
La Yb yee 0.97 0.96 1.02 1.17 1.06 0.89 1.01
Eu Eu* =Euy SmyXGdy '? Ce Ce” =Cey LayXPry '? Ce Ce® =Cep LayXPray '? Cepom=In 3 Cey 2 Lay+ Ndy N
A ucC
Eu 0Ce=Cey Layt -0.5 -0.1 Ce
PI'N 12 CQ\] LaN PI'N
Ce Ce” 3.2
Ce Ce™ >1.05
Ce Ce* <0.95 1989 2 Taylor & McLenenan 1985
Ce Ce” 0.80~0.93
0.88 1 Ce W v
Cet™t Co Ni Th U
Ce Nb Ta
Elderfield  Greaves 1982 Cenom Sc V. Cr Co Ni Cu Rb Sr
Ceuom< —0.10 Ba
Ce Ceprn> — 0.10 Ce Zr Hi

Cepom=1In 3 Cey 2
LaN + NdN Ceanom - O . 34 -~
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Table 2 Trace element data of sandstone samples from Nanggen Paleogene basin
ys009 ys010 ys018 ys022 ys034 ys043 ucc LCC CC oC
Eg* Eg* Eg* Eg? Eg? Eg’
Sc 4.57 4.32 3.73 4.7 4.21 5.8 4.56 11 36 30 38 10
A% 58.2 51.6 55 49.5 59.5 67.8 56.93 60 285 230 250 130
Cr 23 24.1 21.8 36.3 30.6 36.8 28.77 35 235 185 270 100
Co 4.01 6.63 5.87 9.52 16.1 6.53 8.11 10 35 29 47 20
Ni 9.56 11.9 13.1 16.6 21.3 14 14.41 20 135 105 135 68
Cu 16.3 31.5 19.6 60.3 19.6 12.6 26.65 25 90 75 86 57
Rb 43.1 28.2 62.1 40.4 41.4 59.3 45.75 112 5.3 32 2.2 200
Sr 198 134 110 141 226 201 168 350 230 260 130 450
Nb 6.82 4.97 6.5 7.86 8.89 9.92 7.49 25 6 11 2.2 20
Ba 152 103 355 525 194 504 305.5 550 150 250 25 800
Ta 0.598 0.51 0.64 0.813 0.911 0.901 0.73 - - - - 3.5
w 3.54 18.7 15.3 43.9 50.2 8.36 23.33 - - - - 8.8
Th 5.46 4.24 4.81 6.75 6.46 8.67 6.07 10.7 1.06 3.5 0.22 11
U 2.2 1.59 1.78 1.66 1.86 2.01 1.85 2.8 0.28 0.91 0.1 3.2
Zr 160 136 184 200 308 249 206. 190 110 100 80 200
Hf 4.16 3.74 4.4 4.88 7.24 6.05 5.18 - - - - 6
B 35 25.4 28.2 41.3 67.3 64.5 43.62 1.5 8.3 10 4 6.2
Th U 2.48 2.67 2.70 4.07 3.47 4.31 3.28 3.82 3.79 3.85 2.20 3.44
Th Sc 1.19 0.98 1.29 1.44 1.53 1.49 1.33 0.97 0.03 0.12 0.006 1.10
La Sc 4.00 3.87 5.20 4.96 5.49 4.34 4.64 2.73 0.31 0.53 0.09 -
La Th 4.08 3.24 4.03 3.45 3.58 2.91 3.55 2.80 10.38 4.57 16.82 -
Sc Th 0.84 1.02 0.78 0.70 0.65 0.67 0.78 1.03 34 8.57 172.7 0.91
Sr Ba 1.30 1.30 0.31 0.27 1.16 0.40 0.79 0.63 1.53 1.04 5.2 0.56
Nb Ta 11.40 9.75 10.16 9.67 9.76 11.01 10.26 - - - - 5.71
Rb Sr 0.22 0.21 0.56 0.29 0.18 0.30 0.27 0.32 0.02 0.12 0.02 0.44
Co Th 0.73 1.56 1.22 1.41 2.49 0.75 1.34 0.93 33 8.29 213.6 1.82
Sc Cr 0.20 0.18 0.17 0.13 0.14 0.16 0.16 0.31 0.15 0.16 0.14 0.10
Fe,05
N 17.27 .37 10. .37 13.3 14.73 11.17
FeO 6 0.00 5 0
Fe Mn 0.99 0.45 0.53 0.54 0.32 0.59 0.57
1977 UCC— LCC— OC— Taylor and
McLennan 1985
4.2
Th U La Th 2010 Murry
Bhatia & Taylor 1981 Th U 1990
2.5~3 Th U Ce
4.5 Ce Ce Ce”
Th U 6 0.55 Ce Ce
Th Ce® 0.90~1.30
2009 2 Ce Ce
Th U 2.48~4.31 Ce Ce* 0.80—~0.93 2
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