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Fig.1 Geological background and geographical location of the Gaoyashan Dengying Formation profile
(a) tectonic location map of the Dengying Formation in the outcrop area; (b) geographic location map of the outcrop area (Chai, 2021; Li et al.,
2023); (c) sedimentary facies map of the Dengying Formation in the outcrop area (Li et al., 2023); (d) comprehensive stratigraphic column of
the Dengying Formation in the outcrop area
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Fig.2 Typical rock types of the Gagyashan Dengying Formation profile
(a) crystalline algae dolomite, with distinct cyclicity, Deng 2 Member; (b) lithoclastic dolomite, exhibiting developed tectonic fractures, Deng
2 Member; (c) dolomitic sandstone, interbedded with sandy microcrystalline dolomite, Deng 3 Member; (d) laminated algae dolomite, with
developed tectonic fractures, unfilled, Deng 2 Member; (e) microcrystalline dolomite, locally exhibiting intercrystalline microporosity, Deng 2
Member; (f) mudstone-dominated dolomite, occasionally containing terrigenous sandstone and dissolution pores, Deng 4 Member; (g)
grapestone algae dolomite, with a window-likesstructure, Deng 2 Member; (h) stratified algae dolomite, with microbial laminae and well-
developed bacterial laminae, Deng 2 Member;(i)Jaminated algae dolomite, characterized by well-developed window porosity, Deng 4 Member

2.2 JFMEFE

FERT N BT FERERS b, GERER Sk DT S ARG AL, S5 S BN LS A, AR
KATFHHA MR G SIS, BRI CEARE, 2019 . RREGHAHEZE
RETT—B (M1 , SGHESGMHEZRE T B B, M EERT T =
B

1 JRER & 3

T Kk XAT — B4tk BE L HUTAR I J=, P BT, EERERR G AT, &%
TENDBATSA. Aaliba. Wb —HEAsE, WEELHDEEEE, 8 MHF
T A WA R G REUR « MR A k22 53 SORT 70 D I MEANIR BB, LA = iiba N A, ©
DB B a M, BRSO A s E LA s A IR

2) BHITLZA



SRR FE T RHO6 IR BT F S R LN
BHILGAMRE THT BT B, RFEKXUTRAR A, RN WA ERE M
, ZARAL TR ABRIR #h G HhlE], AKAEBK. EFRVRFEE . MAEWER. REHLTRE
Ao ENE] L AR MESFUUARNEAH. PERIEAHEEZ MR A =S MRS KE. A
TR s BLUAHENZ AMEMA LS, REEAESUER SRR, W2l
Bk, BEEEKR: WS EEAMEA DS, WEW RAYE. ARE, £
B ATIUE) 2 034

oS

pei

3) HiEREHIAR
TEMTAT =B, A EEONERRE . ME—HRERICE . SWbies. WEASE,
RE A FIRARBEAR AN, ARG 22 57 v ) RS O R A PR R A R A =S

2.3 REER

BTk XTI ARG RE T BRI GHIAGTIRA R, NUFREENR TR T R W
MO AR . & bl R B A R TSR 2 R B BOUTARAR Y, T bl R HE (] e b U A IR AR
ZREBW (FFZ%, 2019; LEHE, 2019) o HTESRFEEAR N 5L XAT A & BT A
HEE, EET AR (GEEA%E, 2018; TEHE, 2019 %M, 2023) , BT &%k
AT AT (B 3) .

T—BUTR, Pk s Bres, HE07T 2 HEFmiuE EA5 2408 FRERERE.
ZBFEREGTM, AEUDEADENE . T BRI S A%, &F
AL, KERREEGR, ERVRE D MAEMER, BT EERRKNEEEM, X
AT BT SR B T A IR . R A HE ERFNELZAsS, 6
DGRBS . % EMEEM T BWhE, JEEL ST —BUS KRR 70%,
EWMLEARE AL, REMEERLRA s &RV B EERE. BEET ZBRIGEHK
RHEEAR, HENIELEZE, AUEUSEREA=ENE, 5 BT =BT
e RFUKCE HE TR R R Z R

IT=BUUARE, W PEAR TS, R ERHE T RS, 2015) , AER KX Ht
FAARIEREG, VIR Z RARE, BT RMMEITRTE GBS, 20200 . 50=B4
M, STIHBHEM ST Bl FEHEASEMR. THUBRMIIRER ST 8BS, 1T
SBUUBIG RS, Bk XN E R 7 5 5 SR RO IR 2h s G R B . SRR
mARRRE I, ATNBRHKE T B A s, THEARLS N E. FTHANER. TR
JRIIEER A =5 51T BRI A ARG, P EEFERMEYARE. WEASS
Mk, 5 EWBRMESHAS AR, FIBTIRIAZ T T HME—ME R —H MR TR 72,
ST dE R — T R . BRRENR R A S, TEAMEY A S,
HE FESTSFANIR KOTSRS M, BARE R MR — M —E e, LT
R — IR AR R

=



=
[l

M
- LI V1
el @] ﬁ% B
T YR L,
T
IE R i
B e 4
L B R &
b
e || =
Jig M;i Z
eI ] é;gn B
11
i
1T
1
1
. B v 4
wom —wm | mwm | EEEs | B
o A ~/ A= s 3
“ AN ~ ~ —_ S
" “ ~ ~ - S
7 WS WL E WO 11 25 VR 2 RERR E1 22
— B
TR 2 iy it 23— i ) 4 #4417 3 & 1

3 mF TR AHIRE
A@ fHEZ: (o) fTYAmE
Fig.3 Seqidg y model of the Gaojiashan Dengying Formation
(a) second member; (b) fourth member
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Table 1 Analysis of laser intensity response and thickness proportions in different lithologies
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Fig.6 Characteristics of the 14th layer of the Gaojiashan Dengying Formation profile
(a) laser intensity map of the 26th sublayer; (b) laser intensity characteristics of algal dolomite; (c) outcrop features of algal dolomite; (d)
microscopic features of algal dolomite
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Fig.7 Characteristics of the 23" to 24" sublayers of the Gdoj Dengying Formation proﬁle
(a) laser intensity map; (b) laser intensity characteristics of granular dolomite; (c) outcrop, characteristics of granular dolomite; (d) microscopic
features of granular dolomite
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Fig.8 Distribution of sedimentary facies laser intensity in the Gaojiashan Dengying Formation profile
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(a) outcrop stitching; (b) laser intensity model; (c) digital outcrop model; (d) digital-geological information map
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Fig.10 Lithology—structure integrated interpretation of the digital outcrop model of the 14th sublayer of the Dengying
Formation at Gaojiashan
(a) outcrop image; (b) digital outcrop model; (c) lithofacies—structure interpretation map for (b)
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Fig.11 Characteristics of the reservoir interval in the 60th sublayer of the Gaojiashan Dengying Formation profile
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(a) laser intensity profile of the 27" sublayer; (b) laser intensity characteristics of reservoir and seal layers; (c) outcrop features of reservoir and
seal layers; (d) microscopic features of seal layer
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Digital Qutcrop Modeling Based on Laser Intensity and its
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Abstract: [Objective] Carbonate outcrops are often affected by tectonic fragmentation, weathering and vegetation cover,
making it difficult to obtain complete and precise sedimentary and reservoir characteristics by traditional field survey
methods. This study introduces terrestrial laser scanning (TLS) to address the challenges in high-resolution characterization
of carbonate outcrops, improve lithofacies recognition\accuracy and explore the applicability of the method in
sedimentological and reservoir studies. [Methods] Taking the Gaojiashan section of the Dengying Formation in Ningqiang,
Shaanxi as an example, high-precision point cloud data‘were acquired using TLS, and laser intensity information was
analyzed quantitatively and qualitatively. Three-dimensional digital outcrop models were constructed using point cloud
modeling and texture mapping. Combined with thin-section petrography, rock property physical tests and field
sedimentological investigations, lithofaties recognition, sedimentary facies -classification and depositional model
reconstruction were carried out. [Results and Discussion] (1) A high-resolution digital outcrop model was established, which
enables full-coverage 3D visualization and interactive analysis of the outcrop, allowing geological features such as lithology
and stratigraphic geometry to be accurately preserved and studied. (2) A lithology-identification chart was established to
constrain the laser-intensity signatures and thickness proportions of each lithological type. Algal dolostone and crystalline
dolostone generally occupy the high-intensity domain and are associated with relatively higher porosity and permeability,
whereas micritic and argillaceous dolostones correspond to low-intensity values and exhibit poorer petrophysical properties.
(3) Using the upper submember of the second member of the Dengying Formation as an example, sublayer division was
refined based on laser intensity, and the geometric characteristics of the 14th sublayer were intensively characterized.
Analysis of depositional patterns indicated that variations in laser intensity are closely related to sea-level fluctuations,
revealing cyclic depositional evolution. [Conclusions] The integration of TLS with traditional geological methods provides

an intuitive representation of carbonate outcrop features and effectively preserves primary field data. The digital outcrop
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model established in this study offers valuable data support for hydrocarbon exploration and reservoir evaluation,
demonstrating the broad prospects and significant potential of TLS applications in geological research.

Keywords: digital outcrop; laser scanning; Gaojia Mountain; Dengying Formation
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