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ABSTRACT: The Tando Basin is a small Cretaceous sedimentary basin in the Hwaseong-Ansan area of Gyeonggi Province, South Korea.
It has a parallelogram shape of about 3.4 km in length (NW-SE direction) and about 2.6 km in width (NE-SW direction). This study elucidated
the basin geometry and extension mode through detailed geological mapping and analyses of border faults and internal structural elements.
The basinfills include volcaniclastic materials and terrestrial clastic sediments and are divided into six depositional units (A-F), using major
volcaniclastic key layers in units B-D. The lowermost unit A comprises alluvial plain and fan deposits of purple mudstone, sandstone, and
conglomerate; units B-D consist of rhyolitic volcaniclastic layers and reworked deposits; unit E comprises lacustrine deposits; and the
uppermost unit F consists of thyolitic tuff breccias. At the southeastern boundary of the basin, a NE-striking fault is exposed, where basement
rocks are in contact with purple mudstone and fault gouge exhibits sinistral kinematic indicators. The strata of the basinfills adjacent to the
border fault are progressively tilted to high angles and rotated parallel to the fault, forming a drag fold indicative of sinistral strike-slip faulting.
Along the northwestern boundary, the strata are also characterized by parallel arrangement to the border fault. Dip angles of the basinfills
systematically decrease upward in both the NW boundary area and the basin interior. Gentle syncline with an NNW-SSE axis is also recognized
in the basin interior, indicating that the Tando Basin underwent a syn-depositional tilting toward the center to form a kind of geometry of
trough. Within the basinfills, N-S-striking conjugate syn-depositional normal faults, NNE-striking injected clastic dikes, and N-S- and

Copyright © The Geological Society of Korea 2026
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NWk-striking calcite veins dominantly occur. Paleostress reconstructions using the geometry and/or slip data of these structures reveal a consistent
E-W-trending minimum horizontal stress (Opmin) during the basin extension. Synthetically, the Tando Basin is interpreted as a small pull-apart
basin extended under E-W-directed tensional stress associated with sinistral strike-slip movement of the NE-striking border faults.

Key words: Tando basin, syndepositional normal fault, clastic dike, trough geometry, pull-apart basin
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o] BEFH= A (<50x50 km?) Welr] EJZ &
ASE B A719 RO et B4 W Rl B
SAHY Bkl AfolE Bt e FA ol $1X|5k=
A7) wWely] EAEL 2 J-5 WA 555 FFY &5
AS vfe} WS vk, 7 olge] REAH 7] wep]
RAEE 555 B 55 TFY Fa dSAS U= £
S Chough, 2013; Ryang, 2013). ©]& @4 = o]x}
Bl fabAlol SHER B A YA BEA wpes

AL A sto]| W Engebretson ef al., 1985; Maruyama
et al., 1997; Lithgow-Bertelloni and Richards, 1998; Chough
et al.,2000) pF FFo|FHFT o2 Fo1H o 14
32 ALY (pull-apart)ol] oI5 Welr] HHEASo) o
ZAE Aoz A& Qth(Lee, 1999; Chough and Sohn,
2010; Ryang, 2013). FHRIE FAFo= E-&5 WA £5
T TFY d == U YA (Kee et al., 2008), T
BX|(Kee et al., 2010; Kwon et al., 2013), GFEX (=
A|BHEA; Kee et al., 2006; Kim et al., 2009), A0 %]
(Kee et al., 2011)7} 3o (13 1).
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Fig. 1. Distribution of the Cretaceous basins and major fault systems in the Korean Peninsula. The location of study area, the
Tando Basin, is indicated by the box. The basins (dark gray) are primarily controlled by NE- to NNE-striking fault systems. Numbers
indicate Cretaceous nonmarine basins (dark gray): 1. Tando, 2. Namyang, 3. Chonsu Bay, 4. Cheolwon, 5. Pungam, 6. Eumsung,
7. Kongju, 8. Puyeo, 9. Kyokpo, 10. Gyehwa, 11. Yongdong, 12. Muju, 13. Jinan, 14. Hampyeong, 15. Haenam, 16. Neungju,
and 17. Gyeongsang basins. KFS: Kongju fault system; GFS: Gwangju fault system; SF: Seosan fault; DF: Dangjin fault (modified

from Ryang, 2013).
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Table 1. Comparison of stratigraphic classifications of the Cretaceous Tando Basin fills by Kwon ez al. (2013), Lee (2019), and

this study.
<) Kwon et al. .
o)
3 (2013) Lee (2019) This study
S Alluvium Alluvium Alluvium
\_g'\ i Bl Nt il Nl Nl Wl it Nl il Sl Nttt il Nl Nl N’ S
Unit F: Rhyolitic tuff
breccia
FA VI: Lacustrine deposits | Unit VIII: Lacustrine deposits | Unit E: Lacustrine deposits
Unit VII: Rhyolitic massive Unit D: Rhyolitic massive
lapilli tuff lapilli tuff
- i Unit VI: Reworked volcaniclastic -
FAV: Rhyolitic lapilli tuff deposits in a subaerial environment Reworked lapilli tuff
Unit C
o Unit V: Rhyolitic bedded Rhyolitic bedded
° lapilli tuff lapilli tuff
s
8 FA IV: Andesitic tuff breccia| Unit IV: Subaerial landslide
deposits Reworked lapilli tuff &
landslide deposits
Unit Ill: Reworked volcaniclastic Unit B (diamictite)
deposits in a subaerial environment
FA lll: Mouth-bar deposits i
P Unit II: Rhyolitic bedded Alternating
lapilli tuff bedded & massive
rhyolitic lapilli tuff
FA 1l: Alluvial-fan
margin deposits Unit I: Alluvial plain &
g pos! distal fan deposits Unit A: Alluvial deposits
FA I: Alluvial plain deposits P
i i i g B i . i i g N g g N
QI)-Q
& g Basement rocks Basement rocks Basement rocks
(&)

* FA:

Facies Association
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Fig. 2. (a-c) Detailed geological map of the Tando Basin in Ansan-si and Hwaseong-si. (d, ) Representative cross-sections of

the basin.
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Fig. 3. Outcrop photographs showing the major features of the depositional units in the Tando Basin. (a) Outcrop of Unit A showing
massive conglomerate and cross-stratified sandstone cutting into massive purple mudstone, interpreted as distal alluvial fan and
alluvial plain deposits. (b) Locally observed massive tuff breccia (~2 m thick) within Unit A in the Buldo area, indicating small-scale
volcanic activity during the early stage of basin formation. (c) Well-bedded rhyolitic tuff of Unit C overlying the diamictite of
Unit B. (d) Massive, reddish rhyolitic lapilli tuff of Unit D. (e) Rhyolitic tuff breccia of Unit F overlying the poorly sorted, ma-
trix-supported conglomerate at the top of Unit E. (f) Close-up view of the rhyolitic tuff breccia of Unit F, showing poorly sorted

clasts up to 50 cm in diameter.
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Fig. 4. Characteristics of the southeastern border fault of the Tando Basin. (a) Detailed geological map showing a drag fold developed
in the basin fills (Units A-C) near the border fault. (b) Equal-area stereonet of poles to bedding (N=9) from the basin fills shown
in (a), indicating a fold with the axis (m-axis) plunging 38° toward N64°E. (c) Outcrop photograph of the border fault making
a direct contact between basement rock and mudstone of Unit A. (d) S-shaped drags (red lines) within the gouge zone indicating
a sinistral sense of shear of the fault.
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Fig. 5. Analysis of bedding attitudes from the northwestern marginal part of the Tando Basin. (a) Stereonet (poles to bedding)
and rose diagrams for the total measured strata (N=18). (b—d) Plots for each depositional unit, showing a progressive decrease
in dip angle from Unit A (mean: 23.8°) to Unit B (mean: 19.0°) and Unit C (mean: 17.6°). All stereonets are lower-hemisphere,
equal-area projections.
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Fig. 6. Analysis of bedding attitudes of the basin fill in western and central parts of the Tando Basin. (a) Stereonet (poles to bedding)
and rose diagrams for the total measured strata (N=86). (b—f) Plots for each depositional unit. Note the progressive decrease in
mean dip angle from Unit A (28.0°) to Unit E (14.2°). All plots are lower-hemisphere, equal-area projections.
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Fig. 7. Outcrop photograph showing syndepositional normal faults with their stereographic projection at Site 1 (See Fig. 2 for
its locality). (a) Horst-and-graben structure observed in Units B and C. Upward decrease of stratal offsets and thicker layers in
the hanging-walls (grabens) indicate syndepositional faulting. (b) Equal-area stereonet of the fault planes (N=11) before tilt
correction. (c, d) Conjugate normal faults at Site 2 (Unit B) and their stereographic projection.
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Fig. 8. Outcrop photographs and streographic projections of syndepositional normal faults observed in the Tando Basin. (a, b)
Domino-style normal faults at Site 3 (Unit C, bedding dip 42°), (c, d) conjugate normal faults at Site 4 (Unit B, bedding dip 83°),
and (e, f) domino-style normal faults at Site 5 (Unit A, bedding dip 22°). Upward decrease and dying out of stratal offset and
thicker bed in the hanging-wall indicate syndepositional faultings. Stereonets are equal-area, lower hemisphere projection before

tilt correction. All the outcrop localities are indicated on Fig. 2.
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Fig. 10. Outcrop photographs and orientation data of clastic dikes in the Tando Basin. (a) Rose diagram showing the strikes of
clastic dikes (N=7). (b, ¢) A N-S striking clastic dike intruding the purple mudstone of Unit A. (d) A NNE-striking clastic dike
intruding the massive tuff of Unit D. (e) Root structure observed at the base of Unit D, indicating an injection-type clastic dike.
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Fig. 11. Outcrop photographs and orientation data of calcite veins in the Tando Basin. (a) Equal-area stereonet (poles to planes)
and rose diagram for all measured calcite veins (N=194). (b) Stereonet plot and rose diagram for calcite veins observed in Unit
A (N=172). Both datasets show dominant N-S and NW-SE strikes. (c-e) High-angle calcite veins with N-S to NW-SE strikes
observed in Unit A. All stereonets are equal-area, lower-hemisphere projection.



<R'<0.75)
(32H4), 1

3:2_]—73]
<R
); Delvaux et al. (1997)]. 0|2} & 57] A &= o|F

3olA EEeHASS AADTHO=R'<1
=2 (FFOIERA), 2=R'=3 (U5F

AREL BE FHE AEA-SEE Y 24P
3039 Ro] =EET =
715t ol g3l T3 SR Ae

o, FY

T, O

@ slip data

N=7, R’=0.52

Site 1
fault geometry

N=11

slip data
N

N=5, R’=0.58

Site 2

fault geometry
N

slip data

Yellow Sea

N=6, R’=0.5

N=6, R'=0.4 N=10
i
slip data Site 5 fault geometry Legend
N N .
[ ] Alluvium
- Unconformity ~

[ Basin fills
- Unconformity ~

[ | Basement Rocks

slip data
N

N=32, R'=0.3

Total fault geometry ," Inferred faults
N

i

f

calcite veins
geometry

N=194

Q

A

A

Bedding trace
Calcite veins
Outcrop Sites (1-5)
Clastic dike

® O+
A O2
H o3

/]
»\ //\ /
2
AY / ;/
C
/
8
Jeongok Port (Goryeom) / ]
s | .
@ clastic dike
geometry
1
&
= |
N=7
z == ——
110 0.5 1 km
/ — e —

Z

Fig. 12. (b) Structural map of the Tando Basin. (a) Paleostress fields determined from the fault slip and geometry data. The left
and right stereonets for each site show the results of paleostress inversion from fault slip and geometry data, respectively. Calculated
principal stress axes 0j, 0, and 03 are indicated with a black circle, triangle, and square, respectively. All stereonets are lower-hemi-
sphere, equal-area projections. Rose diagrams showing the strike distributions and causative minimum horizontal stresses
(divergent arrows) of (c) calcite veins and (d) clastic dikes.



I BR-ORH| i ot

(A1 1, 2, 3)°k MEA-FHEE U A-HEAA 5) 23
I FEEAEA B A ARFARAE 49 Haeded
o] FefF . o2t A R A2 FF 715 Ak=E AA
A A9 T BFY HaegsHo] mEdnh ol 2
THee TEH, deiA SHE Ul B8 Ads
T2 AEA-FEEH FEE-AEA E3F e dlellA
Bt T4 YFOE 25H HaF5E stollA] TR A
g o) 2oz s Hri1E 12a).

ditdoz ] FAEo] s LetEA| g2 AdH
oA Frof At AxFo] WA A|shgof 3t o
U A So] HIBE HefE o], AR Aoz &

Basement
Rocks

Basement
Rocks
B UnitF
B UnitE
1 UnitD
B unitc
[0 UnitB
[ UnitA

JI 29 J16Het 2Hakd] 15

Aeo] £ N3-S ST FUH] FUY HUH o
o] tEo] It Tuttle and Seeber, 1991; Munson et al.,
1995; Cho et al., 2017). o|g] F &= EZFES B2V}
He IS A FaFEH(0s)0l SRS HFeR
G =2} 517 wjiZo] AP Y Ao wi g HF
< A9 a3 B JEE AT 5 ok
(Cho et al., 2017). E=fA] SHEANA == 484
P FAL B o]F EEF-IdA WIS AAZ =
Holx Qlof, AEA-FEE HF FH2rH-3Y sholA
BEHUSS AARITHE 12d). E3, o] & ddjo] A=

£ ST(EADS A9 D)oA A s AL A &4
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parallelogram-shaped geometry of pull-apart basin formed between the sinistral faults.
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