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3D digital modelling and detailed anatomy of tight sandstone reservoir outcrop with oil-bearing

heterogeneity: A case study of Angou outcrop of Triassic Yanchang Formation in Ordos Basin

Abstract: [Objective] Our understanding of architecture-controlled oil-bearing heterogeneity shown in tight sandstone
reservoirs is hindered by scarcity of large-scale oil-bearing outcrops. Triassic lacustrine delta and fluvial succession
exposed in a quarry near Angou village (Yanchang county, northern Shannxi province) is an analog for buried oil-bearing
tight sandstones in the Ordos basin. [Methods] In this study, 3D digital outcrop modeling was carried out on the oil-bearing
sandstone outcrop of Angou by using Unmanned Aerial Vehicle(UAV) multi-point aerial photography, and then the
depositional sequence diagenetic anatomy and field anatomy were carried out on the 3D digital model of Angou oil-bearing
sandstone outcrop. Based on field observations, drone-based measurement and digital outcrop modelling, continuous
sampling using Husquvarna power cutter and petrographic and diagenesis analysis under section, a 2D architectural
heterogeneity model incorporating spatial configuration of effective reservoir was created. [Results] The UAV 3D digital
outcrop modeling and field dissection revealed that the oil charging was only distributed within the interior, but not at the
top or bottom of sand body. The configuration and nature of bounding surface underlying this succession was reconstructed
with reference to lateral tracing for distinctive markers and a detailed measured profile with facies and sequence
stratigraphic analysis. The results show that the sedimentary environment of oil-bearing tight sandstone is curved river
channel. In the quarry, fluvial sandstone succession is underlain by a regional surface interpreted as a third-order sequence
boundaries on the basis of abrupt landward facies change and locally developed incised valleys <20 m deep. Architectural
heterogeneity within the amalgamated sandbody is expressed by multiple fifth-order storey surfaces, sixth-order barform
and seventh-order bedform. Continuous sampling and thin-section observation of outcrops show that the completely
different structural properties and diagenetic characteristics of the top, bottom and interior of a single sand layer are the
fundamental reasons for the different oil bearing in outcrops. The discovery of the Angou oil-bearing outcrop provides a
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rare field example for the objective understanding of the oil-bearing heterogeneity of the reservoir controlled by the
configurational interface in the sand body. [Conclusion] In this study, the specific characteristics of oil-bearing
heterogeneity in oil-bearing sandstone outcrop are described, the sedimentary background and possible levels of different
configuration interfaces of extremely thick oil-bearing sandstone are revealed, and the causes of oil-bearing heterogeneity
developing in sand bodies are qualitatively understood. [Significance] Of importance, the discovery and detailed anatomy
of Angou outcrop provide direct geological evidence showing that sedimentation and diagenesis exert a strong control on
the quality and heterogeneity of most tight clastic reservoirs.

Keywords: tight sandstone reservoir; oil-bearing heterogeneity; Chang 6 member of Yanchang Formation; Angou outcrop;
Ordos Basin
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Fig. 1 Simplified map of the location of Yanhe section and the distribution of Mesozoic Oil fields in Ordos Basin
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Fig. 2 Field characteristics og Angou outcrop

(a) Location map of the stratotype (Yan river) section of Triassic Yanchang Formation and the Angou outcrop; (b) Low resolution point-cloud
dataset showing the extent of three studied surfaces of the Angou outcrop (black dotted round rectangle) and location of measured section (white

dotted line); (c) Close-up view of B-surface showing the heterogeneity of oil charging(The most brown areas are oil-bearing, whereas others are

oil-free (white arrows); proportional scale in the white circle)
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Fig. 3 Model for architectural heterogeneity in tight sandstone reservoir exposed in the Angou outcrop

(a) Digital orthophoto of 3D point-cloud model of B-surface facing 105-degree, area of continuous sampling using Husquvarna power cutter is

denoted by red bands; (b) Diagram showing different-scale architectural boundaries and heterogeneity of oil charging in amalgamated tight

sandstone reservoir (For simplicity, storey and barform surfaces are depicted explicitly, whereas bedform surfaces are shown schematically, n

represents the measured number of paleo-flows, and the rose diagram shows the paleo-flows)
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Fig. 4 Columnar diagram of measured stratigraphic section and field photographs of typical petrographic facies in Area C of Angou outcrop

(a) Profundal facies Zhangjiatan shale (lower-left corner) and trough (white arrows) and hummocky (black arrows) cross-stratifications and in
overlying delta front facies sandstone; (b) Load casts (white arrows) and dewatering structures (black arrows) in delta front facies sandstone; (c)
Convolute lamination in delta front facies sandstone; (d) Trunk of calamite fossil preserved in delta plain facies silty mudstone; (e) Stems and
leaves of unidentified plant fossils in delta plain facies coal-bearing beds; (f) Rooting or unidentified burrowing (white arrows) in delta front
facies sandstone; (g) Channelized incision surface developed on the top of delta front facies deposits of Chang 7 member, Overlying facies are
coarser fluvial facies of Chang 6 member; (h) The stratigraphic boundary between Chang 6 and 7 members underlain and overlain by delta and
fluvial facies sandstone with NEE- and SSW-oriented trough cross-stratifications (white arrows)

n represents the number of measured paleo-flows
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Fig. 5 Details of oil-bearing heterogeneity in local outcrops and physical properties and diagenetic characteristics in different parts of individual

sandstone layer

(a) Close-up view of oil-bearing characteristic of each sandstone bed and record of continuous sampling for detailed observation, sampling
location (red arrows); (b) Schematic diagram showing heterogeneity of oil charging in single bed of tight sandstone and positions of
representative samples for thin-section; (c)The bottom sample of single-layer sandstone, medium grained arkose sandstone with organic
lamination, cross-polarized light, sample B-1; (d) The bottom sample of single-layer sandstone is a mediumgrained arkose with
pseudoheterobasic (black arrow), autogenetic extension of feldspar (gray arrow) and pyrite cement (white arrow), plane polarized light, sample
B-2; (e)The central sample of single-layer sandstone developed fine grained arkose with calcite and turbidite intergranular cementation, cross-
polarized light, sample B-3; (f)The top of the singlelayer sandstone is a very finegrained arkose with sparry (white arrow) and micrite (black

arrow) calcite basement cement, cross-polarized light, sample B-4
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Fig. 6 Architectural and facies model of tight sandstone reservoir with heterogeneity for the Angou outcrop
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