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Geological Structures and Evolution of the Tertiary Chongja Basin,
Southeastern Margin of the Korean Peninsula

Moon Son* and In-Soo Kim*

ABSTRACT: The Tertiary Chongja basin is located in the southeastern coastal area of the Korean Peninsula. It
is a lozenge shaped fault-bounded basin with circa 5X5km areal extent, isolated from other Tertiary basins by
the Cretaceous Ulsan Formation in-between. The northwestern boundary of the basin is a domino/listric type
normal fault trending N30°E, whereas its southwestern boundary is a dextral strikeslip fault (trending N20°W)
with a lateral offset of more than 1km. The basin is bounded by the East Sea on the eastern margin.

Basin-fills consist of extrusive volcanic rock (Tangsa Andesites) of Early Miocene (16~22Ma in radiometric
age), unconsolidated fluviatile conglomerate (Kangdong Formation) and shallow brackish-water sandstone (Sinhyon
Formation). The latter yields abundant Vicarya-Anadara molluscan fossils of early Middle Miocene age. The Tertiary
strata become younger toward the northwestern boundary-fault of the basin, showing a zonal distribution pattern
parallel to the fault: the younger sedimentary formations occupy a narrow zone of 2 km width along the northwes-
tern boundary-fault, whereas the older Tangsa Andesites underlie them unconformably in the eastern and southeas-
tern portions of the basin.

The strata in the basin, including the Tangsa Andesites, are tilted (about 20°) toward the northwestern boundary-
fault. Sedimentary strata thicken toward the boundary-fault, forming a wedge shaped half-graben structure. A
number of small-scale syndepositional normal growth faults and graben structures are observed in the sedimentary
strata. These extensional structures have the same trend as the normal northwestern boundary-fault which we
interpret as a pull-apart detachment fault. These characteristics imply persistent extension during the basin evolu-
tion, caused by a NW-SE directed tensional force. The Chongja basin is, thus, a kind of syndepositional tectonic
basin evolved in a strike-slip (pull-apart) regime. The latter was caused by a dextral simple shear associated with
the NNW-SSE opening of the East Sea.

In view of the fact that the normal growth faults do not cut through the uppermost portion of the youngest
Sinhyon Formation, it is inferred that the tensional force came to be inactive in the early Middle Miocene. This
is coincident in timing with the termination of the East Sea opening (15Ma).
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Fig. 1. Geologic map of the study area. C; Chongja (town), M; Mt. Muryong. Sinhyon Formation; early Middle Miocene,
Kangdong Formation; Early-Middle Miocene, Tangsa Andesites; Early Miocene, Bulguksa Granites (porphyritic biotite
granites); Late Cretaceous-Eocene (?), and Ulsan Formation; Cretaceous.
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Fig. 1A Location map of the outcrops cited in the text.
L; outcrop localities described in the text. C; Chongja
(town), D; Tangsa (town), M; Mt. Muryong, and J; Mt
Chogun-Muryong.
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Fig. 2. Equal-area mdiagram showing poles to the bedding
of the Ulsan Formation observed within a zone of about
1km outside of the northwestern boundary of the Cho-
ngja basin (see Figs.1 and 3). Equal-area projection onto
the lower hemisphere. The great circle represents the
mean bedding plane. Note the basinward (southeastward)
inclination of the strata, which is caused by the down-
ward dragging of the northwestern boundary-fault.
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Fig.2
1 km

NW SE

Fig.3. Schematic NW-SE profile of the Chongja basin. The following structural and stratigraphic characteristics are
observed in the field as depicted in the diagram (not to scale): i.e. Downward dragging in the Ulsan Formation (19)]
just outside of the basin margin, onlapping of the Tertiary strata (K) onto the Tangsa Andesites (T), rollover anticline
and faultward thickening of the Tertiary strata (K, S). All are the results of NW-SE extension and concomitant listric/do-
mino faulting (thick solid arrows) of basement rocks. No significant post-depositional deformation of sediments is obser-
ved in the field. Dominant source-area of the Kangdong Formation is NW, whereas that of the Sinhyon Formation
is SE out of the basin. U; Cretaceous Ulsan Formation, T; Early Miocene Tangsa Andesites, K; fluviatile Kangdong
Formation, and S; shallow brackish-water Sinhyon Formation of early Middle Miocene fossil age.
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Fig.4. Poles to the bedding of the Sinhyon Formation
near the northwestern boundary-fault of the Chongja ba-
sin. Equal-area projection onto the lower hemisphere. The
great circle represents the mean bedding plane. Note that
the strata incline toward the boundary-fault.
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Fig. 5. Schematic block diagrams explaining the fact that
younger strata (Sinhyon Formation) become broader to-
ward the southwestern part of the basin (see Fig. 1). (A);
By listric/domino faulting accompanied by rotational mo-
vement about a vertical axis. (B); By faster extension of
the southwestern part of the basin. Model (A) seems to
be preferable in the context of regional tectonics.
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Fig.6. (A); Bedding poles and the mean bedding plane
of the Cretaceous Ulsan Formation exposed unconforma-
bly under the Tertiary sedimentary strata at the center
of the basin (small outcrop in Fig. 1). (B); Poles and the
mean direction of planar flow-joints in the Early Miocene
Tangsa Andesites exposed in the southeastern area of the
Chongja basin. Equal-area projections onto the lower he-
misphere. Note in combination of Fig. 4 that the older
the strata, the steeper the bedding. This implies an
ongoing tilting process during the basin evolution.
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(A)

(B)

Fig. 7. (A); Fracture pattern observed in a strike-slip expe-
riments with sandstone (redrawn from Bartlett et al., 1981,
Sylvester, 1988). (B); An outcrop photo taken at the sou-
thern extremity of the southwest boundary-fault of the
Chongja basin. See Fig. 1 for the location. Note the close
similarity of the structure between (A) and (B). They dis-
play the characteristic flower structure (palm-tree struc-
ture) well known in strike-slip fault zones of the world
in general. T; toward the reader and A; away from the
reader. The geologist in the photo is observing nearly ho-
rizontal slicken-striations on the fault plane.
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Fig. 8. Contoured mdiagram of the microfault planes obse-
rved in the area through which the southern half of the
southwestern boundary-fault passes (see Fig.1). The mic-
rofaults there cut the Cretaceous Ulsan Formation and
Cretaceous-Eocene (?) granitic rocks (see Fig.1). Con-
tours: 1, 3, 6, 9, 12%. Poles (n=128) are omitted for the
sake of simplicity. Open triangles represent poles to the
intrusion planes of andesitic dykes in the same area. Note
the fact that the microfaults are parallel to the southwes-
tern boundary-fault of strike-slip nature, and that the an-
desitic dykes have the trend of the extensional northwes-
tern boundary-fault of the Chongja basin. Equal-area pro-
jection onto the lower hemisphere.
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Fig.9. An outcrop photo showing a fault-contact (fine line-
drawing) between Cretaceous Ulsan Formation and Ter-
tiary conglomerates. See Figure 1 for the location. Bed-
ding of the Ulsan Formation (barely seen in the photo)
is dipping moderately toward the lower right of the pic-
ture. Subvertical grooves (approximately perpendicular to
the bedding) are artificial effects of bulldozer works.
Small extensional graben (right side of the fault-line) has
been filled by angular chaotic Tertiary conglomerates.
The fault-plane has a contorted shape owing to frictional
sliding of angular conglomerates into the graben. Tertiary
conglomerates in the graben have been also severely frac-
tured and striated. The graben was generated by dextral
shearing along the southwestern boundary-fault of the
Chongja basin proper (see Fig. 14).
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Fig. 10. Strain condition and concomitant extension frac-
ture as a result of dextral simple shear (e.g. Christie-Blick
and Biddle, 1985). This picture serves as a genesis model
of the Chongja basin. The dextral shear was caused by
NNW-SSE spreading of the East Sea (Kim, 1992), and
the extension fracture (along the short diameter in the
strain-ellipse) became the northwestern boundary-fault of
the Chongja basin (see Fig. 14).
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Fig.11. An example from a number of syndepositional
normal faults observed in the early Middle Miocene Si-
nhyon Formation. Profile view. See Fig. 1 for the location
of this photo. The straight line across the photo is fault.
The fault strikes northeast. Note the slight dragging in
the footwall and slight roll-over in the hanging wall. SS;
sandstone and CO; conglomerate. These kinds of normal
fault testify an ongoing extension during deposition of
the Tertiary sedimentary strata.
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Fig.12. Mean attitude of and rpoles to the fault planes
of small-scale syndepositional normal faults observed in
the Tertiary sedimentary strata in the Chongja basin pro-
per, those as in Fig. 11. Note that these small-scale normal
faults have the same trend as the extensinal northwestern
boundary-fault of the Chongja basin. Equal-area projec-
tion onto the lower hemisphere,

st

=X|2| Wil chst

o

o
kl

*
B
Hn
rhu

4 AT BAEA AelolAe) A ATz} 3






Fig.13. An example from a number of syndepositional
small grabens observed in the upper part of the early
Middle Miocene Sinhyon Formation. Drawn from a
photo. See Figure 1 for the location. Note that the synde-
positional normal faults can not cut through the upper-
most portion of the stratum. It suggests that tensional fo-
rce became inactive during the last phase of Sinhyon Fo-
rmation deposition (at the end of the the early Middle
Miocene). This date is coinciding well with the termina-
tion time (15Ma) of the East Sea opening (Kim, 1992).
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N
EAST
SEA
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4] 500 1000M
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Fig. 14. Tectonic situations during the evolution of the Chongja basin. Through the NNW-SSE opening of the East
Sea since earlier than the Early Miocene, a NNW-SSE dextral simple shear (black arrow in the East Sea) was originated
and acting on the coastal region. This caused opening of the Chongja basin along the NE-trending extension fracture
(a tension gash). Basement of the Chongja basin was translated southeastward (fat white arrow), gliding along the
southwestern boundary-fault. This process set up a second dextral simple shear (half arrow pair along the southwestern
boundary-fault) and opened a small daughter pull-apart (stippled in the figure) outside of the main Chongja basin.
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