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Ahaaunaues ioulun uasstudndayu KHOK KRUAT Fm., KHORAT Gp.
I  sandstone, brown, reddish brown, fine-to medium-grained, moderately to poorly-sorted;
siltstone and claystone, reddish brown, micaceous, calcrete horizons are present.
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wanstuidoaseiu fumsreuds uaziulasy Sur B usswmnaduiasiunmnadusia warmiugw nguiulany CRETACEQUS
- Sandstone, grayish white, conglomeratic, medium-to coarse-grained, poorly sorted, subangular to PHU PHAN Frn., KHORAT Gp.
subrounded, with pebbles of quartz, chert , red, gray, black, brown and
volcanic rock fragments and quartzite, cross-bedded; siltstone and claystone, gray to dark gray,
dark gray, thin bedded, intercalated by conglomerlate locaally.
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- msdrrwrliA msgemlsaeiunats warTu@saseAuTuIadn TasiuuInAndTuTIH SAQ KHUA Fm., KHORAT Gp.
Siltstone, quartzitic and arkosic sandstone, purplish brown, medium-grained, poorly-sorted,
moderately cemented, small-scale cross-bedded, fossils are found locally.
ﬁum'rmhlfmwﬂ[ Fupnum iaraend dimasdunfismeny nsfrnnadouineg dereudinay dansin
g;z:?;mﬂﬁ?ﬁ:? ’::;:l%\:l“w::‘:m waziueneivleduansiuidiseiu funsoudh waziulnay i nduiulnTy
140
Sandstone, grayish white, quartzitic, fine-to coarse-grained, well-sorted, subrounded, PHRA WIHAN Fm., KHORAT Gp.
with pebbles of quartz, gray to black cherts, quartzite, cross-bedded; siltstone and mudstone, gray to
dark gray, thin-bedded, intercalated locall are thinly intercalated locally.
#iumsy Aibatiahun dnavdosiinunans msAnmal ﬁuuwmﬂagﬁaﬂm!‘ (fuarilad) quasdn
diaumunans Buravuon wnsnady funseuds uasiulaay Slmaunuuss Wetulun uasnstudagu wuaRtiunnsEae nauivlnin JURASSIC
- anfindusaiondwinasgndunds unsvavaosh ) PHU KRADUNG Fm., KHORAT Gp.
Sandstone, brown to maroon, fine-to medium-grained, moderately poor sorted; interbedded with
grayish white, medium-grained feldspathic sandstone; siltstone and claystone, reddish brown,
micaceous, calcrete horizons, with vertebrates and bivalves.
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fumgrg fnnaunuun danzidoaiaunans daunad dadwidoudafy aduiuin dunseude wnpiuthmes nuiulaTy
uaziuiy ddiayu Som Fnwnasize NAM PONG Fm., KHORAT G
Sandstone, reddish brown, fine to medium-grained, well sorted, subangular-subrounded, interbedded with " P nsuaadin
calcareous siltstone and claystone containing carbonate nodules, gray and purplish gray. TRIASSIC
Fumsrel fumsaeutls fudvar dmmhnhaaiadon lﬁuﬂugu wa Funsanuy wsiiuiiefiuaie nqufivlasmy
- Sandstone, siltstone shale and conglomerate brownish gray-gray, calcareous. HUAI HIN LAT Fm., KHORAT Gp.
250.
siufun I Sinena feam funay unseads uaniunTangenin wuIRHURAD
Shale, brown, grayish brown, sandstone, siltstone, and agglomerate. PHA DUA Fm.
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Sandstone, brown, reddish brown, fine-to medium-grained, moderately to poorly-sorted;
siltstone and claystone, reddish brown, micaceous, calcrete horizons are present,
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Sandstone, grayish white, conglomeratic, medium-to coarse-grained, poorly sorted, subangular to
subrounded, with pebbles of quartz, chert , red, gray, black, brown and

voleanic rock fragments and quartzite, cross-bedded; siltstone and claystone, gray to dark gray,
dark gray, thin bedded, intercalated by conglomerlate locaally.
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Sittstone, quartzitic and arkosic sandstone, purplish brown, medium-grained, poorly-sorted,
moderately cemented, small-scale cross-bedded, fossils are found locally.
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Sandstone, grayish white, quartzitic, fine-to coarse-grained, well-sorted, subrounded,
with pebbles of quartz, gray to black cherts, quartzite, cross-bedded,; siltstone and mudstone, gray to
dark gray, thin-bedded, intercalated locall are thinly intercalated locally.
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Sandstone, brown ta maroon, fine-to medium-grained, moderately poor sorted; interbedded with
grayish white, medium-grained ric d: ; siltstone and ¢ , reddish brown,
micaceous, calcrete horizons, with vertebrates and bivalves.
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Sandstone, reddish brown, fine to medium-grained, well sorted, subangular-subrounded, interbedded with
calcareous siltstone and claystone containing carbonate nodules, gray and purplish gray.
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Sandstone, siltstone shale and conglomerate, brownish gray-gray, calcareous.
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PLATEAU
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» Nakhon Ratchasima

Q
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B Bangkok Quaternary
Km-p | Maha Sarakham & Phu Thok Fms.
% Kp-k | Phu Phan & Khok Kruat Fms.
PKpS] Phra Wihan & Sao Khua Fms.
j Y pre-K| Pre-Cretaceous
100 km Fig. 8.1. NE and SE Thailand,
showing distribution of Cretaceous
Gulf of outcrops. At least some of the
- Pre-Cretaceous sedimentary
Thailand C rocks on the map may be Jurassic

and the position of the Jurassic -

Ko Kut‘K

l p-S Cretaceous boundary is discussed
in the text.
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Sandstone, red, med. grained, cross-bedded, well rounded and sorted;
and siltstone; dessication cracks and coarsening-upward sequences.

Interbedded claystone, salt, gypsum, anhydrite and potash.

Unconformity

Sandstone, medium to coarse; conglomerate, siltstone & claystone, red-brown.
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Fig. 8.2. Composite stratigraphic
column of the Mesozoic rocks of
the Khorat Plateau, NE Thailand.




Khorat Plateau from “Geology of Thailand

Cretaceous rocks form almost the whole of the Khorat Plateau of Northeast Thailand,
a generally low-level area with elevations c. 130-250 m, but rimmed by mountain
ranges of Cretaceous rocks locally over 1000 m high.

The Phra Wihan Formation is broadly distributed along the western, eastern and
southern parts of the Khorat Plateau. It also occurs in the northern and middle parts
of the NW-SE trending Phu Phan Uplift which crosses the Plateau as the Phu Phan
Range.

The Sao Khua Formation is found throughout the western, eastern and southern
parts of the plateau and most of the Phu Phan Range.

The Phu Phan Formation is exposed along the banks of the Mae Kong River and in
the Phu Phan Range where it forms prominent escarpments and dip-slopes.

The Khok Kruat Formation is separated from the overlying Maha Sarakham
Formation by an unconformity (Sattayarak et al. 1991; Racey et al. 1996) and is well-
distributed in the central low-lying areas of the plateau and the outer parts of Phu
Phan Range. The sharp contact of the Khok Kruat Formation with the basal anhydrite
of the overlying

Maha Sarakham Formation is observed in the field (Hite 1974; Hite & Japakasetr

1979) and is conspicuous on seismic reflection profiles (Sattayarak et al. 1991). The
Phu Thok

Formation is well exposed in the northern parts of the Khorat Plateau and in the
low-lying areas in the central, southern and south western parts of the Phu Phan
Range. Maranate & Vella (1986) described palaeomagnetic studies carried out on
the Khorat Group. A generalized lithological column of the Khorat Group is shown in
Figure 8.2.

Fossils in the Khorat Group of the Khorat Plateau have been reported by many
workers (e.g. Kobayashi 1963; Kobayashi et al. 1963; Buffetaut & Ingavat
1980,1983,1984,1986; Buffetaut 1981, 1983; Hahn 1982; Buffetaut et al. 19853, b,
1993, 2006, Cappetta et al. 1990; Buffetaut & Suteethom 1992, 1993, 1998; Martin
et al. 1994; Meesook et al. 1994, 1995; Racey et al. 1994, 1996; Cuny et al. 2005; Le
Loeuff et al. 2005; Tumpeesuwan & Sato 2005). Many species of dinosaurs, fishes,
crocodilians, turtles, bivalves and palynomorphs have been recorded so far, as well
as fossil wood (Philippe et al. 2004). This biota shows a distinct Laurasian affinity.

Dinosaurs are confined to finer lithologies of the Sao Khua and Khok Kruat
Formations, while bivalves are abundant and diverse in the Sao Khua Formation. In
coarser lithologies with thin claystone intercalations, palynomorphs are common
and diverse; dinosaur footprints and isolated bones are occasionally found.



Phu Luang, Loei Province (Phu
Luang Wildlife Sanctuary) dinosaur
footprints

* Phu Luang, Loei Province (Phu Luang Wildlife
Sanctuary): The first scientifically documented
dinosaur footprint site in Southeast Asia was
discovered on a sandstone surface at Phu Luang
Wildlife Sanctuary, Loei Province, northeastern
Thailand. Buffetaut, E., Ingavat, R., Sattayarak, N., &
Suteethorn, V. (1985a).

* These footprints are preserved in Early Cretaceous
sandstone of the Phu-Plran-Formation and are
approximately 120-mittiom years-old '({ower
Cretaceous).

At this site, multiple three-toed footprints have been
recorded on a sandstone slab, some of which are
relatively well preserved with distinct toe and claw
impressions.

* Dinosaur footprints in the Khorat Group (including
Phu Luang and other localities in NE Thailand) consist
mainly of theropods, but also include tracks attributed
to ornithopods, sauropods, and other taxa. These
tracks occur in fluvial sedimentary rocks and reflect
river and floodplain depositional environments.
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Fig. 3. Diagrams of foolprints and trackways, showing measurement methods (modified from Ishigaki, 1988).
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By Erik Kvale and Kim Sowder

Generally when people think of fossils, they think of dino-
saur bones. Bones are a special type of fossil called a body
fossil; body fossils would also include skin impressions,
teeth, or any other physical part of the animal. Another

type of fossil that teaches us about ancient animals is a
trace fossil; trace fossils are evidence of the activity of an
animal, such as walking, feeding, or burrowing. Examples
of trace fossils include footprints or burrows. Footprints of
a bipedal dinosaur can tell us the size of the animal and also
how fast it was moving when it made the footprints.

Determining Height

To determine the height of our two-legged dinosaur, first
print out copies of the right and left footprints included in
this document. Since our dinosaur essentially walked on
its toes, you need to establish an approximate position of'a
heel. Draw a line along the long axis of the outer toes from
toe tip through the back of the print (see red lines in the
diagram at right). The point of intersection is the projected
heel point. Measure the length of the footprint from the toe
tip to the heel point. Use this equation to determine height:

hip height = 4 or 5 X footprint length

These footprints are 17.8 cm (7 inches) long. This ani-

mal would have been between 71.2 and 89 cm (28 and 35
inches) at the hip. This method also works on humans and
can be used to demonstrate the accuracy of this exercise.
Measure foot without shoes and use the top of the hip bone
as the hip height.

Determining Speed
Determining the actual speed of the animal uses a formula
known as Alexander’s Equation:

Speed (meters/second) = (0.25) x (gravitational con-
stant)0-5 x (stride length)1.67 x (hip height)-1-17

Gravitational constant = 9.8 meters/second/squared
(m/s2)

A simpler determination can be made to establish whether

the animal was walking, trotting, or running. For this activ-
ity, place several footprints on the floor (taping them down
will help). Measure the distance between them from toe tip

Indiana Geological and Water Survey

Determining height and speed
using dinosaur footprints

to toe tip. The distance from right toe tip to left toe tip is the
pace. Place enough footprints to make a minimum of three
paces. The distance from the tip of one footprint to the tip
of the imprint made by the same foot is the stride. Measure
the stride. Then divide the stride by the hip height. This
gives you a ratio. Use the chart below to determine speed.

Ratio of Stride to Hip Height:
Walking — <2.0
Trotting— 210 2.9
Running — >2.9
Sl Stride
length
Projected
heel point
Pace ::

Most known dinosaur tracks show that dinosaurs generally
walked rather than ran. These track outlines were drawn
from actual dinosaur tracks found at Red Gulch Dino-

saur Tracksite. For more information, go to <http://www.
wy.blm.gov/rgdt/>.

https://igws.indiana.edu
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Some examples
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Fig. 4. Sketches of trackways and photographs of footprints at Nam
Nao and Tha Song Khon. a, Sketch of the trackway of an
archosauromorph at Nam Nao. b, Photograph of the impressions
of the left manus and pes of an archosauromorph at Nam Nao.
Scale bar, 5 cm. ¢, Sketch of the trackway of a large-sized theropod
at Tha Song Khon. d, Photograph of the right footprint of a
theropod, with hallux impression. Scale bar, 10 cm.
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Footprint at Phu Luang and Tha Uthen

9. pEHE Phu Luang 35 & FTha Uthen iZ2 3547 5 2#fMb47. a, Phu LuangiZ B 5 28 A 4 v F. b, Tha UtheniZB17 2 28R 7 v F. ¢,
IR O BT E. d, #EFshaBeai (ko NUSIHE, USROS S O H.

Fig. 9. Footprints at Phu Luang and Tha Uthen. a, Sketch of footprints at Phu Luang. b, Sketch of footprints at Tha Uthen. ¢, Photograph of a
footprint of a small-sized theropod. d, Size comparison of a human, a small-sized ornithopod, and a small-sized theropod.
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