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Abstract The Chang 9 interval at the lower part of the Upper
Triassic Yanchang Formation in the Ordos Basin is a new
discovery sequence for strategy replacement in the oil explo-
ration field. By conducting a comprehensive study of outcrop
sections, well drilling, drill cores, well loggings, and test data,
based on the relevant research achievements of some prede-
cessors, and combined with the analysis of geological back-
ground of this basin, it is considered that the Ordos Basin is a
broad and shallow lake basin with terrigenous clastic deposi-
tion during Late Triassic Chang 9 time. The lake basin had
been supplied with multiple drainage systems and prove-
nances. The lake water in this basin is inland freshwater to
brackish water. Sedimentary framework is characterized by
the development of “a lake surrounded by multiple deltas”
pattern. On the basis of paleocurrent analysis, distribution of
sedimentary facies and sand bodies, and the quantitative anal-
ysis results of rock fragment components and trace elements
of Chang 9 sandstone, it is recognized comprehensively that
the Chang 9 provenances have a close connection with the
basin tectonic evolution and paleogeographic background.
The provenance of the Ordos Basin in Chang 9 time can be
divided into five provenance systems: i.e., the northeast,

north, northwest, southwest, and south provenance systems.
Characteristics of rock fragment and trace element assem-
blages are documented in the individual provenance systems,
respectively. It is inferred that terrigenous clastic sediments in
Chang 9 interval mainly originate from the old lands around
the basin. Parent rocks in these provenances are composed of
a variety of rocks dominated by metamorphic rocks.

Keywords Paleogeographic framework . Provenance
analysis . Sandstone . Chang 9 time . Ordos Basin

Introduction

The Ordos Basin is located in the vast loess plateau and desert
steppe region of central China. Long-time extensive research
has been carried into the paleogeography of the Ordos Basin
during Late Triassic Yanchang age, gaining fruitful study
results and knowledge (Chen et al. 2006; Fu et al. 2005; Liu
et al. 2013; Zhang et al. 2013). Many of them hold that the
Ordos Basin is overall characterized by huge dimension
(>25×104 km2), broad lake, shallow water depth, and flat
terrain as well as little segmentation during Late Triassic
Yanchang age, while its depositional boundaries far
outreached the present layout of the Yanchang Formation
strata of the Ordos Basin, with its north frontier being Yinshan
Old Land, northwest frontier Alxa Old Land, southwest fron-
tier Longxi Old Land, south frontier Qinling Old Land, and it
could reach Shanxi, Henan and Hebei provinces eastward
(Fig. 1). The eastern frontier is approximately located in the
zone from Datong to Jining via Wutai, Shijiazhuang, and
Handan, and further eastward came into realms of North
China Old Land dominated by uplifting and denudation. Thus,
the Ordos Basin is actually a part of North China Basin during
the Late Triassic and has the features of inland basin
“surrounded by mountains on all sides” (Fig. 1).
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Paleotopography in this basin shows overall features of
“higher in the northern part and lower in the southern part,
north flank of less inclination, and steep inclined south flank.”
Due to the stable subsidence of this sedimentary basin and
abundant substance supply, huge thick terrigenous clastic
sediments of alluvial fan, river, delta, and lake are accumulat-
ed within the basin, overall taking on a varying trend of
thickening from east to west and from north to south.
Coarse-grain clastic sediments with a thickness up to above
3000 m have been accumulated along the western margin of
the basin, forming a large-scale subsidence zone in near north-
south strike direction. At the same time, the southern zone
from Tongchuan to Zhengzhou via Sanmenxia and Jiyuan is a
great-scale subsidence center in near east-west strike direction,
where clastic sediments have been deposited with over
2000 m thick (Chen et al. 2007; Huang et al. 2012; Liu and
Yao 2000).

Geological setting

The Upper Triassic Yanchang Formation is one of the most
important oil-producing sequences in the Ordos Basin. With
the anew understanding of the petroleum geology of the Ordos
Basin over the past few years, the new discovery and break-
through in the oil exploration have been achieved in Chang 9
interval (hereinafter called “Chang 9” for short) at the lower
part of the Yanchang Formation, which shows that this inter-
val has good prospects for oil exploration (Ding et al. 2013).
Certain basic researches on Chang 9 lithofacies paleogeogra-
phy and sedimentary geology throughout the entire basin have
been conducted in varying degrees, and some useful research

findings have been achieved (Ding et al. 2013; Fu et al. 2005).
However, a further deep study is required due to a relatively
small number of exploratory wells that penetrate the Chang 9
interval in this basin during early exploration, limited infor-
mation available, and big controversy on some knowledge.
Therefore, using new data and new ideas to re-recognize the
paleogeography of whole basin in Chang 9 time, especially
the distribution of provenances and sand bodies, will contrib-
ute to the proper guidance for Chang 9 oil exploration.

The Upper Triassic Yanchang Formation in Ordos Basin
may commonly be divided into five lithological members and
ten oil-bearing intervals in accordance with lithological asso-
ciation and hydrocarbon-bearing property (Ding et al. 2013;
Fu et al. 2005). The Chang 9 situated in the lower part of the
Yanchang Formation is mainly composed of continental sand-
stone and mudstone with complicated and varied lithological
characters. It mainly shows alternating layers of pale-, brown-
ish-, and greenish-gray glutenite; sandstone; gray siltstone;
and black- and dark-gray mudstone and shale in various
thicknesses and contains interlayers of black-gray carbona-
ceous mudstone, coal streak, and/or thin coal seam, while it
still contains interlayers of gray-brown oil shale in the east,
pale-gray tuff and tuffaceous mudstone. The Chang 9 ranges
from 80 to 125 m in thickness and makes conformable contact
with underlying Chang 10 interval and overlaying Chang 8
interval, respectively (Table 1).

Paleogeographic framework

The paleotopography and sedimentary framework of the
Ordos Basin during Chang 9 time are basically similar to

Fig. 1 Sketch showing paleogeographic framework during Late Triassic Chang 9 time, Ordos Basin
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those throughout the whole Late Triassic (Chen et al. 2007;
Ding et al. 2013; Huang et al. 2012; Liu and Yao 2000).
However, due to Chang 9 time is at the early development
and evolution stage, therefore, the basin at this stage has its
specific characteristics mainly in a smaller domain of the
stable lake than that in the ultimate development period
(Chang 7 time) of the lake basin. Based on the existing
research achievements, and combined with the comprehen-
sive analysis of the paleogeographic background, material
source, depositional features, and sedimentary geochemistry,
the paleogeographic framework of the Ordos Basin during
Chang 9 time is described as follows.

Broad and shallow lake basin with the supply of multiple
drainage systems and provenances

Vast old lands are distributed around the sedimentary basin in
Ordos and its neighboring areas (Fig. 1). The AlxaOld Land is
located at the northwest of this basin, Yinshan Old Land at the
north, North China Old Land to the northeast, Longxi Old
Land at the southwest, and Qinling Old Land at the south. The
paleotopography here is of a layout with old lands all around
and sedimentary basin in the middle. The paleotopography
shows an overall developing trend from high terrain at north to
low basin in the middle before high south again and from high
terrain at west to low terrain at east. The stable lake of small
domain within the basin, which approximately extends in
NW-SE strike direction, expands mainly at the southeast area
of the Ordos Basin which is to the east of Wuqi-Zhengning

line, opening to the southeast and extending to the western
area of Henan Province. While the old lands around the basin
is in the period of continuous uplifting and denudation, the
numerous rivers deriving from them steadily ensure supply of
adequate fresh water and rich terrigenous detrital materials for
the confluence basin of stable subsidence, and paleocurrent
has dominantly three flow directions: the one from north to
south, the one from west to east, and another from south to
north. In conclusion, the Ordos Basin is a terrigenous clastic
depositional basin with supply of multiple drainage systems
and provenances during the Chang 9 time. There are a variety
of technologies and methods to determine and recover the
water depth of ancient sedimentary basins (Abdalla et al.
2014; Decarlis and Lualdi 2011; Stern and Wagreich 2013),
such as lithology, authigenic mineral, sedimentary structure,
fossil category and assemblage, trace fossil, ichnofacies, and
others, but these technologies and methods, which basically
belong to qualitative analysis, and accurate quantitative judg-
ment are still very difficult to be made available. According to
core observation, tubular dwelling and feeding burrows
(Fig. 2a) are commonly seen in sandstone and mudstone of
Chang 9 delta front. They belong to Skolithos ichnofacies and
mainly are distributed in high-energy shallow-water environ-
ment of shallow lakes, so the ancient water depth is estimated
to be 2 to 5 m (Chen et al. 2007; Huang et al. 2012). Secondly,
small-scale wave-ripple bedding (Fig. 2b) can be seen in delta
front siltstone, which indicates that they are formed in the
high-energy shallow-water environment above the normal
wave base, so the ancient water depth is estimated to be
10 m at most. Thirdly, phytogenetic upright root traces in situ

Table 1 Stratigraphic chart of the Upper Triassic Yanchang Formation, Ordos Basin

Stratigraphic system Thickness (m) Lithologic description

System Series Formation Member Oil-bearing
interval

Jurassic Lower Fuxian 0∼150
Triassic Upper Yanchang Fifth (T3y5) Chang 1 0∼240 Dark gray-green silty mudstone and argillaceous siltstone

interbedded with fine sandstone and thin coal seams partially

Fourth (T3y4) Chang 2 120∼150 Gray-green medium-fine sandstone interbedded with dark gray mudstone

Chang 3 90∼110
Third (T3y3) Chang 4+5 80∼90 Light-colored sandstone interbedded with unequal thick dark mudstone.

“Zhangjiatan Shale” of Chang-7, developed in south part, is the major
source rock; mudstone and shale are mainly developed in Chang 4+5

Chang 6 110∼130
Chang 7 100∼120

Second (T3y2) Chang 8 75∼90 Light-colored sandstone interbedded with dark mudstone

Chang 9 80∼125 Light gray, brown-gray, green-gray coarse-fine sandstone and gray
siltstone interbedded with dark gray mudstone and shale;
“Lijiapan Shale” developed at the top of this interval

First (T3y1) Chang 10 300∼400 Gray-green, pink feldspathic sandstone interbedded with dark purple
mudstone and siltstone. Sandstone cemented by zeolite and shows
flax-spot structure

Middle Zhifang 300∼350
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(Fig. 2c) are often seen in the sandy sediments of delta front.
They belong to Rihizoliths ichnofacies and indicate that the
original underwater sediments were uplifted above the lake
level with relative descending of the secondary lake level and
the delta front environment was changed into the delta plain
environment suitable for the rooting and growth of plants.
This reflects from another side that the delta front environment
water depth is not deep, so the water depth is estimated to be
several meters. Based on the above analysis, it may be con-
sidered that the Ordos Basin during Chang 9 time is a shallow
lake basin, and the lake is mainly dominated by shore-shallow
lake environment. Inferred water depth ranges from 0 to 10 m.
It is worth noting that, with subsidence of the basin basement
and relative rise of the lake level, the lake in the eastern part of
the basin evolved to semi-deep lake to deep lake environment
with the “Lijiapan Shale” as the representative (Chen et al.
2007; Ding et al. 2013; Huang et al. 2012) during late Chang 9
time.

In summary, a conclusion may be drawn that the Ordos
Basin is a broad and shallow lake basin with the terrigenous
clastic sedimentation and the supply of multiple drainage
systems and provenances during Chang 9 time.

The nature of water body

Drilling cuttings and cores reveal that the Chang 9 interval
consists of terrigenous clastic rocks which have been depos-
ited in fluvial, deltaic, and lacustrine environments in the
study area. It ranges commonly from 80 to 120 m in thickness.

The Chang 9 lithology is complicated and varied; mainly
includes pebbly sandstone, sandstone, siltstone, dark mud-
stone, and shale being rich in organic matter and fossils; and
contains interlayers of carbonaceous mudstone, coal streak,
and/or thin coal seam. The algae, bivalve, Ostracoda, Estheria,
fish fossils, etc. can be seen in cores. Carbonized plant frag-
ments and plant root traces are common. The paleophytology
is characterized by the development of Danaeopsis flora fossil
assemblage (Liu and Yao 2000). From all the lithological and
paleontological assemblages, it shows that the Ordos Basin
was in the condition of humid and temperate paleoclimate
(Chen et al. 2007; Ding et al. 2013; Huang et al. 2012; Liu and
Yao 2000), with abundant rainfall and luxuriant vegetation
during Chang 9 time. The paleolatitude recovered based on
paleomagnetism also prove that the Ordos Basin was in the
north temperate zone during the Late Triassic, for example,
the Tongchuan region almost was located in north latitude 34°,
33′ at that time (Liu and Yao 2000). According to the results of
quantitative analysis on trace elements of 31 samples from
Chang 9 mudstone (Table 2), it shows that boron content
ranges from 15.0 to 58.6 μg/g and is 36.95 μg/g on the
average, which is lower than the threshold value (60 μg/g)
for discriminating between marine and continental strata. The
ratio of B/Ga ranges from 0.94 to 2.32 and is 1.46 on the
average, which is lower than the threshold value (3.3) for
discriminating between marine and continental strata. The
ratio of Sr/Ba ranges from 0.22 to 0.40 and is 0.32 on the
average, which is also lower than the threshold value (1.0) for
discriminating between marine and continental strata. The
content of other trace elements, such as Cr, Cu, Ni, V, and
so on, is a little lower, which also reflects the continental

a b c
Fig. 2 Core photos showing sedimentary structures in sandstone and
mudstone in Chang 9 time, Ordos Basin. a Light gray siltstone
interbedded with dark gray mudstone of delta front, the vertical tubular
burrows can be seen. Well Dan 52, 1,391.2 m; b light gray siltstone with

argillaceous stripes of delta front, small-scale wave-ripple bedding is
developed. Well Wu 57, 1,973.75 m; c light gray medium to fine sand-
stone of delta front, phytogenetic upright root traces can be seen. Well
Gao 70, 1,519.45 m
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freshwater sedimentary characteristics. Therefore, it may be
inferred that the water bodywithin the Ordos Basin was inland
freshwater to brackish water during Chang 9 time since fossils
occurring in Chang 9 formation belong to freshwater organ-
isms. For all 31 mudstone samples, the ratio of U/Th ranges
from 0.12 to 0.44 and is 0.24 on the average, which reflects the
sedimentary environment being normal oxygen during Chang
9 time.

Sedimentary framework of “a lake surrounded
by multiple deltas”

As mentioned above, large mounts of terrigenous clastics
from old lands around the Ordos Basin, which are in the state
of being continuously uplifted and denudated, are carried by
many rivers originated from different drainage areas and pour
into the Ordos Lake from all directions. As a result of the
surface gradient becoming smaller, the current velocity be-
coming slower, and the current dispersing, large mounts of
terrigenous clastics carried by river, especially the sandy sed-
iments, have been deposited at the river mouth in the form of
delta and construct many large- and medium-scale delta bod-
ies mainly made up of sandy sediments. In order to describe
the plane distribution of these sandy delta bodies, the isopach
map of Chang 9 sandstone is drawn according to the calculat-
ed thickness of sandstone based on the data from drilling and
well logging, and then the map of Chang 9 delta distribution
(Fig. 3) is planned by way of the division of deltaic deposi-
tional systems referring to the “watershed principle.”

The plane distribution of Chang 9 sandstone shows obvi-
ous “one divides into two” feature in the Ordos Basin (Fig. 3):
one is that the sandstone in the west is relatively thicker with
more sand and less mud; another is that the sandstone is
relatively thinner in the east with less sand and more mud.

Nine larger-scale lake deltas are developed in the lake basin
margin. Jiyuan and Dingbian deltas are distributed in the
northwest and their strike is NW-SE direction; Anbian delta
is distributed in the middle north and its strike is nearly NS
direction; Wuqi, Zhidan, and Ansai deltas are distributed in
the northeast and their strike is in NE-SW direction; Yanwu
and Qingyang deltas are distributed in the southwest and their
strike is SW-NE direction; Zhengning delta is distributed in
the middle south and its strike is nearly SN direction. The
single delta is more than 100 km in the length, is about tens of
kilometers in the width, and is more than a thousand to
thousands of square kilometers in area. These deltas show
active progradation toward the lake direction, and are elon-
gated, lobate or bird-foot shapes. Two adjacent deltas always
get cross-linked. The steady lake area is mainly located in the
southeast part of the Ordos Basin from Wuqi to Fuxiang via
Yongning. It behaves as a shore-shallow lake environment in
the early Chang 9 time (Fig. 4) and evolves into a semi-deep to
deep lake environment represented by the “Lijiapan Shale”
with basin subsidence and lake transgression in late Chang 9
time (Fig. 4). Thus, the sedimentary framework of the Ordos
Basin is characterized by the development of the “a lake
surrounded by multiple deltas” pattern during Chang 9 time.

Analysis of provenance

The provenance analysis plays an important role in identifying
the provenance location, the nature of parent rock, and the
transporting paths of sediments. Moreover, it is of great sig-
nificance in discriminating the sedimentation and tectonic
evolution of the whole basin. Nowadays, there are lots of
ways to do analysis on provenance, such as the measurement
of paleocurrent direction with primary directional structure,
sandstone component, rock fragment composition,

Table 2 Results on trace elemental analysis of 31 samples from mudstones in Chang 9 time, Ordos Basin

Trace elements Range of values (μg/g) Mean (μg/g) Ratio of trace elements Range of values Mean

B (boron) 15.0∼58.6 36.95 B/Gaa 0.94∼2.32 1.46

Ga (gallium) 16.1∼30.8 25.27 Sr/Bab 0.22∼0.40 0.32

Rb (rubidium) 57.4∼203 153.88 V/(V+Ni) 0.69∼0.83 0.75

Sr (strontium) 148∼400 262 U/Thc 0.12∼0.44 0.24

Ba (barium) 452∼1466 814

V (vanadium) 95.2∼176 136.49

Ni (nickel) 31.4∼65.1 45.50

U (uranium) 2.28∼4.79 3.37

Th (thorium) 11.0∼19.3 14.2

a B/Ga ratio, <3.3: continental freshwater deposition; >4.5: marine deposition
b Sr/Ba ratio, <1: continental freshwater deposition; >1: marine deposition
c U/Th ratio, <0.75: normal oxygen; range of 0.75∼1.25: poor-oxygen; >1.25: anaerobic
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sedimentary geochemical analysis, etc. (Khan and Anis 2014;
Abhik et al. 2012; A. N. Filippov et al. 2012; Bhatia 1983; Das
and Haake 2003; Choi et al. 2012; Elias et al. 2014; Brust et al.
2011; Zhao et al. 2003). However, in order to gain satisfied
result, comprehensive analysis on all these ways should be
done combining with the tectonic background, the sedimen-
tary geological background, as well as the reconstruction of
lithofacies paleogeography. A lot of deeper researches on
provenance of the Ordos Basin have been done by some
predecessors who also have achieved fruitful results (Chen

et al. 2007; Ding et al. 2013; Huang et al. 2012; Liu et al.
2000). Although they use different methods and the research
area and horizon chosen by them are different, many of them
think that the provenance of the Upper Triassic Yanchang
Formation generally can be divided into two main branches:
northeast and southwest provenances, while the provenances
from other directions are seen as the supplement to the whole
supply system. Certainly, there are different cognition and
controversy, especially on the issue of provenance in the
western part. However, the research specifically on Chang 9

Fig. 3 Schematic diagram showing distribution of deltas in Chang 9 time, Ordos Basin
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provenance is really rare. The comprehensive discrimination
on Chang 9 provenance would be done in the following based
on some existing relevant research results, measurement of
paleocurrent, distribution characteristics of sand bodies and
sedimentary facies, and the quantitative analysis of rock frag-
ment composition and trace elements in sandstone with close-
ly combining with paleogeographic background.

Division of provenance system

Obviously, the accumulation location of sandy clastics and the
extend direction of sand bodies in sedimentary basin is closely
related to provenance and paleocurrent direction (Apurba et al.
2010; Konstantopoulos et al., 2013; Degryse et al., 2003; Jalal
and Ghosh 2012). Therefore, it is helpful to discriminate
provenance direction by analyzing the distribution character-
istics of sedimentary facies and sand bodies. The large number
of thick sand bodies extends from the margin to the center of
lake basin in elongated shape and radial-inward shape (Fig. 5).
This reflects there are multiple drainage systems with different
current directions and multiple provenances with different
positions during the Chang 9 time. The lake district in which
the cumulative thickness of Chang 9 sandstone is less than
10 m and the muddy deposition is predominant is roughly
distributed in northwest-southeast trend along a belt from
Wuqi to Fuxian via Yongning, which might be the “water-
shed” between north and south provenance influence extents.

1. Northeast provenance system is represented by forming
Wuqi, Ansai, and Zhidan meandering river deltas. It is
located in northeastern part of this basin and is distributed
in Ordos City-Yulin-Jingbian-Zhidan belt roughly in the
NE-SW trend. The length of this system is about 500 km

from north to south with big distribution area. The
paleotopography is a large-scale moderate slope inclined
toward south-southwest direction. During Chang 9 time,
meandering river were developed in the northern part, and
meandering-river delta were constructed in the southern
part. The sediment transporting directions measured from
outcrop sections are mainly southwestward, for example,
the transporting direction of fluvial sediments is 200° on
average in Yulin area.

2. North provenance system is characterized by constructing
Anbian delta. This system, adjacent to northeast prove-
nance system and connected with northwest provenance
system, is located in the northern middle part and is
distributed in Hangjinqi-Etuoke Banner-Anbian area
roughly in N-S trend. The length of this system is more
than 300 km from north to south. The paleotopography is
a large-scale slope inclined toward south-southwest direc-
tion. During Chang 9 time, braided river were developed
in the northern part, and braided river delta were con-
structed in the southern part. Although there is no mea-
sured data about transporting direction of terrigenous
sediments, according to channel sand bodies in Chang 9
Anbian delta are distributed in shoestring shape from
north to south, it can be speculated that paleocurrent and
sediment transporting direction should be southward.

3. Northwest provenance system is represented by accumu-
lating Dingbian and Jiyuan braided river deltas. This
system is located in the northwestern part, with north
provenance system in its east and southwest provenance
system in its south, roughly displaying the NW-SE trend
and spreading in Yinchuan-Yanchi-Dingbian belt and its
south region. Its length is up to 200 km from north to
south, and its area is relatively large. The paleotopography
overall is a large-scale slope steeply tilting to southeast

Fig. 4 Schematic mode diagram of sedimentary facies in Chang 9 time, Ordos Basin. a Schematic mode diagram of sedimentary facies in the early
Chang 9 time, Ordos Basin. b Schematic mode diagram of sedimentary facies in the late Chang 9 time, Ordos Basin
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direction. The Chang 9 time is characterized by the de-
velopment of alluvial fan, braided river, and braided river
delta, having relatively coarse sediment and relatively
thick sandstone. The paleocurrent direction measured
from outcrop sections is predominantly southeastward,
averagely 105°.

4. Southwest provenance system is represented by develop-
ing Yanwu and Qingyang deltas. This system is located in
the southwestern part, with northwest provenance system
in its north and south provenance system in its east,
roughly displaying the SW-NE trend and spreading in
Pingliang-Zhenyuan-Huachi areas. Its length is more than

200 km from southwest to northeast, and its area is
relatively large. The paleotopography overall is a large-
scale slope tilting to northeast direction. The Chang 9 time
is characterized by the development of alluvial fan and
braided river in the southwestern part and the construction
of braided river delta in the northeastern part. The
paleocurrent and sediment transport direction measured
from outcrop sections is scattered, for example, the
paleocurrent direction in Pingliang-Huating area is about
110°, the paleocurrent direction in Longxian and Linyou
areas is northwestward, but totally with 30°–35° as its
predominant direction.

Fig. 5 Schematic diagram showing distribution of provenance systems in Chang 9 time, Ordos Basin
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5. South provenance system makes a feature of constructing
Zhengning braided river delta. This system is located in
the southern part, roughly displaying the south-north
trend and spreading in Xunyi-Zhengning-Yongning areas.
Its length is less than 200 km from south to north, and its
area is relatively small. The paleotopography overall is a
slope tilting to the north direction. The Chang 9 time is
characterized by the development of braided river delta.
The paleocurrent and sediment transport direction mea-
sured from outcrop sections is also scattered, for example,
the average paleocurrent direction in Tongchuan area is
320°, but based on delta extension direction and sand
body distribution trends, the general paleocurrent should
be northerly orientation as its predominant direction.

According to thickness and distribution of Chang 9 sand
bodies, northeast, northwest, and southwest provenances
made relatively large contribution, but south and north prov-
enances made less contribution.

Trace elements of Chang 9 sandstone and provenance
discrimination

The geochemical composition of terrigenous clastic rock not
only can be used to reshape the tectonic setting of orogenic belt
and sedimentary basin (Maslov et al. 2006; Bhatia et al. 1986;
Black et al. 2004; Yudovskaya et al., 2013; Julleh Jalalur
Rahman et al. 2014) but also can well reflect the characteristics
of provenance province for the reconstruction of ancient envi-
ronments (Dasgupta et al., 2005, Littke et al. 2005; Utkin et al.
2007). According to the results of quantitative analysis on trace
elements from 30 samples of Chang 9 sandstone by using ICP-
MS method, it suggests that there is almost no difference in
magnitude in terms of the minimum, maximum, and average
abundance of each remaining 24 kinds of trace elements except
the six elements (Cd, In, Sb, Ta, Tl, Bi) with their contents less
than 1μg/g, respectively; therefore, it is difficult to analyze their
distribution characteristics. The priority method based on the
abundance of trace element is used here to study the distribution
characteristics and district naming of trace elements in Chang 9
sandstone (Table 3).

1. The multiple trace element assemblage with high abun-
dance is distributed in northeast provenance system. In
this assemblage, 16 kinds of trace elements, i.e., B, Li, Be,
Sc, V, Co, Cu, Zn, Ga, Rb, Cs, Ba, Pb, U, Zr, and Hf, are
very high in average abundance, while the ratio between
16 trace elements with average maximum abundance and
all 24 trace elements is 0.67. Therefore, it becomes appar-
ent that both the categories and average abundance of
trace elements ranked first in the whole basin without
trace elements with minimum average abundance. It

clearly reflects that this trace element assemblage may
be derived from the parent rocks which are rich in trace
elements. By tracing the source, it is inferred that this trace
element assemblage is closely affiliated with the Protero-
zoic or Cambrian-Ordovician Baiyunobo rocks (Ding
et al. 2013; Huang et al. 2012; Liu et al. 2000). The
Baiyunobo formation is rich in rare earth and trace ele-
ments and is distributed in Yinshan Old Land along the
north side of this basin. On these grounds, it is inferred
that northeast provenance mainly originated from parent
rocks made up of Baiyunobo low-grade metamorphic
rocks and Archean high-grade regional metamorphic
rocks and igneous rocks in Yinshan Old Land.

2. Rich thorium and poor tungsten assemblage is distributed
in northwest provenance system. Only the average abun-
dance of thorium is the highest in this assemblage. The
ratio between the one trace element with average maxi-
mum abundance and all 24 trace elements is 4.16 %.
There are five elements with lowest average abundance:
Ga, Sr, Mo, W, and Pb, which accounts for 20.83 % of 24
all trace elements. It clearly reflects that this trace element
assemblage is derived from the parent rock which is rich
in thorium element. On these grounds, it is inferred that
this assemblage has a close affiliation with the parent
rocks made up of Archean and Proterozoic migmatite,
gneiss, schist, and other metamorphic rocks in Alxa Old
Land.

3. Rich nickel+molybdenum+tungsten assemblage is dis-
tributed in north provenance system. The average abun-
dance values of Ni, Mo, and W are the highest in this
assemblage. The ratio between 3 trace elements with
average maximum abundance and all 24 trace elements
is 0.125. There are ten elements with lowest average
abundance: Li, Be, Sc, V, Zn, Y, Nb, Cs, Th, and U, which
accounts for 41.67 % of all 24 trace elements. The char-
acteristics of this assemblage are obviously different from
two former assemblages. This reflects this provenance
system has certain particularity despite it is influenced
by mixed effects from northeast and northwest prove-
nances more or less. Meanwhile, this conclusion is totally
identical with former deduction based on the distribution
of sand bodies. It is inferred that this assemblage mainly
comes from the parent rocks in Yinshan Old Land and is
influenced by mixed effects from northeast and northwest
provenances.

4. Rich niobium and poor chromium assemblage is distrib-
uted in southwest provenance system. In this assemblage,
only the average abundance of niobium is the highest
among all trace elements. The ratio between one trace
element with average maximum abundance and all 24
trace elements is 0.0417. These are the elements with
lowest average abundance: Ni, Ba, and Cr, which ac-
counts for 12.5 % of 24 all trace elements. It clearly
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reflects that this assemblage has a close affiliation with the
parent rock which is rich in niobium element. Combined
with the abovementioned provenance analysis results, it is
also inferred that its parent rock is mainly composited of
granite, intermediate and basic rocks, gneiss, schist,
phyllite, slate, volcanic rock, clastic, and carbonate rocks
in Longxi Old Land.

5. Rich chromium+strontium+ytterbium assemblage is dis-
tributed in south provenance system. The average abun-
dance of Cr, Sr, and Y is the highest in this assemblage.
The ratio between the three trace elements with average
maximum abundance and all 24 trace elements is 0.125.
There are six elements with lowest average abundance: B,
Co, Cu, Rb, Zr, and Hf, which accounts for 25 % of all 24
trace elements. It clearly reflects that this assemblage has
close affiliation with the parent rock which is rich in
chromium, strontium, and ytterbium. Combined with the
abovementioned provenance analysis results, it is inferred

that its parent rock is made up of Proterozoic and early
Paleozoic metamorphic and igneous rocks in Qinling Old
Land.

Type of rock fragments and provenance discrimination

Rock fragments are mineral aggregate and are terrigenous
clastic materials which are directly brought into the sedimen-
tary basin after the weathering of parent rocks (Madhavaraju
et al. 2006; Benayad et al., 2014; Tan et al. 2000; Weltje et al.
2004). Due to retention of parent rock composition and struc-
ture, rock fragments have more provenance information than
other detrital grains. Thus, the type and content of rock frag-
ments can accurately reflect the petrology of parent rock in the
provenance province, the type and degree of weathering and

Table 3 Abundance distribution of trace elements from sandstone in Chang 9 time, Ordos Basin

Provenance system Northeast North Northwest Southwest South

Sample number 7 3 9 8 3

Trace elements with highest
abundance

B, Li, Be, Sc, V, Co, Cu, Zn,
Ga, Rb, Cs, Ba, Pb, U, Zr, Hf

Ni, Mo, W Th Nb Cr, Sr, Y

Trace elements with lowest
abundance

/ Li, Be, Sc, V, Zn, Y,
Nb, Cs, Th, U

Ga, Sr, Mo, W, Pb Ni, Ba, Cr B, Co, Cu Rb,
Zr, Hf

Number percent of trace elements
with highest abundance (%)

66.67 12.50 4.17 4.17 12.50

Number percent of trace elements
with lowest abundance (%)

0 41.67 20.83 12.50 25.00

Trace element assemblage Multiple trace elements
with high abundance

Rich Ni+Mo+W Rich Th
and poor W

Rich Nb
and poor Cr

Rich Cr+Sr+Y

Fig. 6 The triangular diagram
showing rock fragment
components of sandstone in
Chang 9 time, Ordos Basin
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transport distance, etc., and it is the most direct evidence for
determining the source direction and the nature of parent rock.
According to the identification results of 157 thin sections
from the sandstone, the rock fragments are not only very
common but also are widely distributed in Chang 9 sandstone.
From north to south and from west to east, the rock fragments
are easily visible, with their content basically ranging from 10
to 20 %. Chang 9 sandstone has many types of rock frag-
ments, among which, igneous, metamorphic, and sedimentary
fragments are the three major categories of existence. As a
whole, each region is mainly covered by the metamorphic
fragments, with the average content of 10.75 %, followed by
igneous fragments, with the average content of 5.39 %, while
the sedimentary fragments are much less in the amount, with
the average content only of 0.29 % (Fig. 6). This reflects that
parent rocks in Chang 9 provenances, no matter the northern
part or the southern part, are mainly composed of a variety of
rock types with the metamorphic rock as the dominant type.

According to the statistical results of the composition and
content of rock fragments from different provenances
(Table 4), it may be showed that (1) rock fragment assemblage
of northeast provenance system is characterized by rich meta-
morphic fragments which accounts for 72.23 % on average in
this assemblage. They mainly are fragments of high-grade
metamorphic rocks (gneiss, schist, quartzite) and medium-
and low-grade metamorphic rocks (phyllite, slate, and meta-
morphic siltstone). The content of igneous fragments accounts
for 26.60 % on average. Fragments of granite and diorite are
common in igneous fragments. The content of sedimentary
fragments is low and accounts for 1.17 % on average, mainly
fragments of clastic and carbonate rocks. (2) Rock fragment
assemblage of north provenance system is characterized by
the higher content of metamorphic and igneous fragments.
Metamorphic fragments mainly include fragments of gneiss,
schist, quartzite, slate, and others and account for 67.66 % on
average in this assemblage. Igneous fragments account for
29.65 % on average and granite fragments are common in
this assemblage. Sedimentary fragments are very low in the
content and account for 2.69% on average in this assemblage.

Table 4 Composition and content of rock fragments from sandstone
Chang 9 time, Ordos Basin

Provenance
system

Sample
number

Rock fragment (%)

Metamorphic Igneous Sedimentary

Northeast 38 72.23 26.60 1.17

North 16 67.66 29.65 2.69

Northwest 53 72.24 26.83 0.93

Southwest 20 59.64 37.71 2.65

South 30 48.95 50.00 1.05
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(3) Rock fragment assemblage of northwest provenance sys-
tem is characterized by rich metamorphic fragments and poor
sedimentary fragments. Metamorphic fragments mainly in-
clude fragments of gneiss, schist, quartzite, slate, and others
and account for 72.24 % on average in this assemblage.
Igneous fragments account for 26.83% on average and granite
fragments are common in this assemblage. Sedimentary frag-
ments are very low in the content and account for 0.93 % on
average in this assemblage. (4) Rock fragment assemblage of
southwest provenance system is also characterized by the
higher content of metamorphic and igneous fragments. Meta-
morphic fragments account for 59.64 % on average in this
assemblage. Not only gneiss, schist, quartzite, and other high-
grade metamorphic fragments can be easily found but also
phyllite, slate, and other medium- and low-grade metamorphic
fragments are common in this assemblage. Igneous fragments
account for 37.71 % on average and granite and volcanic
fragments are common in this assemblage. Sedimentary frag-
ments are very low in the content, account for 2.65 % on
average in this assemblage, and mainly are fragments of
clastic and carbonate rocks. (5) Rock fragment assemblage
of south provenance system is characterized by rich igneous
fragments. They account for 48.95 % on average in this
assemblage and mainly include fragments of acid effusive
rock and aphanite and a little amount of granite fragments.
Metamorphic fragments account for 50 % on average in this
assemblage and mainly are fragments of slate, phyllite, schist,
and metaquartzite. Sedimentary fragments are very low in the
content, account for 1.05 % on average in this assemblage,
and mainly are dolostone fragments and a little amount of
siltstone fragments.

The main characteristics of every provenance system and
their deduced locations as well as the types of parent rock are
summarized in Table 5 according to abovementioned analysis
results on paleocurrent direction, sand body distribution, rock
fragment component, trace elements, and their provenance
discrimination and associated with the analysis of regional
geological background.

Conclusion

This study presents an example of analysis of paleogeographic
framework and provenance features during Late Triassic
Chang 9 time of the Yanchang Formation in the Ordos Basin.

Ordos Basin is a broad and shallow lake basin with the
terrigenous clastic deposition and the supply ofmultiple drain-
age systems and provenances during Late Triassic Chang 9
time. Sedimentary framework is characterized by the devel-
opment of “a lake surrounded by multiple deltas” pattern.
Lake water is inland freshwater to brackish water.

The Chang 9 provenance in Ordos Basin can be divided
into five systems: northeast, north, northwest, southwest, and

south provenance systems. (1) Northeast provenance system
is characterized by multiple trace element assemblage with
high abundance. They are presumably derived from parent
rocks dominantly composited of metamorphic and igneous
rocks in Yinshan Old Land. (2) North provenance system is
characterized by higher content of metamorphic and igneous
fragments, as well as rich Ni+Mo+W assemblage. They are
presumably originated from parent rocks dominantly
composited of metamorphic and igneous rocks in Yinshan
and Alxa Old Land. (3) Northwest provenance system is
characterized by rich metamorphic fragment and poor sedi-
mentary fragment and rich thorium and poor tungsten assem-
blages. They are presumably stemmed from parent rocks
dominantly composited of metamorphic rocks in Alxa Old
Land. (4) Southwest provenance system is characterized by
higher content of metamorphic and igneous fragments, rich
niobium and poor chromium assemblage. They are presum-
ably derived from parent rocks dominantly composited of
metamorphic and igneous rocks in Longxi Old Land. (5)
South provenance system is characterized by rich igneous
fragment and rich Cr+Sr+Y assemblages. They are presum-
ably originated from parent rocks dominantly composited of
metamorphic and igneous rocks in Qinling Old Land.
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