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ABSTRACT

Compositional and textural maturity of sandstones may reflect provenance
lithology and sediment transport distance, which are useful for paleogeographic
reconstruction. 37 sandstones in six outcrop stratigraphic sections in Tarlong-
Taodonggou and Zhaobishan areas in the greater Turpan-Junggar rift basin were studied
to investigate the fluvial-lacustrine sandstone provenance in lower Permian Lucaogou
(LCG) low-order cycle, Bogda Mountains, NW China. 400 points were counted in each
thin section. All the samples are classified into lithic arenites, subarenites, wackes, and
mudrocks. Three Petrofacies are defined. Petrofacies A is characterized by a high lithic
content which is dominantly basaltic lithics with minor sedimentary lithics and felsic
volcanic lithics with mean compositions of QsF11Lgs, QMyF12Ltgs, Qp1LS7LVg,, and
QmysPgKy from four ternary classifications, respectively. Petrofacies B has a relatively
high content of sedimentary lithics indicating a sedimentary source in the local rift
shoulders with mean compositions of QsFsLgy, QmsFgltss, Qp1LSssLVes, and QmazP71Ke.
Petrofacies C has a higher content of felsic volcanic lithics with mean compositions of
QsFslgg, QmyFgltss, QpiLsiolvse, and QmssPe3Ky. Tectonic setting is interpreted from
ternary diagrams. All the samples fall in the recycled orogen and magmatic arc fields.
Two sources, northern Tian Shan and rift shoulders, are differentiated on the basis of
grain size and roundness. In Tarlong-Taodonggou area, similar trends of textural and
compositional properties are present in N and NW Tarlong, and S Tarlong and
Taodonggou indicating similar depositional history. SW Tarlong shows a unique trend
due to the local sedimentary source. In Zhaobishan, the trend is highly variable,

indicating episodic sediments influx from rift shoulders or a different catchment basin.
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1. INTRODUCTION

The fluvial-lacustrine sandstones in Lucaogou low-order cycle (LCG LC) in
Bogda Mountains, NW China, were deposited in a half graben in a rift basin setting
(Yang et al., 2010). Half-grabens in rifts form due to block rotations along listric and
planar-normal faults in zones of lithospheric attenuation (Wernicke and Burchfield,
1982). Fluvial sedimentation results from deposition in relatively low-gradient rivers that
are oriented parallel to the basin axis. Lakes are developed in topographic depressions
that commonly are elongate and parallel to the basin axis (Blair, 1987). Ancient fluvial-
lacustrine sediments recorded tectonic, paleoclimate, and depositional conditions on the
earth surface (Basu, 1976, Mack and Suttner, 1970). Provenance analysis of sandstone is
an important and widely used means of tracing the origins of sedimentary basin fill and
reconstructing the orogenic history of basin-bounding uplifts (Greene et al., 2005).

This study focuses on provenance lithology, transport distance and depositional
environments during the deposition of sandstones in LCG LC. The well exposed LCG LC
in the southern Bogda Mountains, NW China, offers an opportunity to study
compositional and textural characteristics of fluvial-lacustrine sandstones. 400 points
were counted on each of the 37 sandstone samples from six measured sections, five from
Tarlong-Taodonggou area and one from Zhaobishan area. Compositional and textural
characteristics are analyzed to determine provenance lithology, tectonic setting and
transport distance. Provenance lithology is mainly determined by compositional
properties; and transport distance is largely determined by textural properties. The results
indicate a regional basaltic source and local rift shoulders including volcanic and
sedimentary lithologies in all sections. A trend of increasing textural maturity from
southern sections to northern sections is observed. If they share the same source, the

northern Tian Shan source would be supported.

1.1. GEOLOGICAL BACKGROUND
This study focuses on the well exposed LCG LCs in Taodonggou-Tarlong area
and Zhaobishan area in the southern foothill of the Bogda Mountains (Figure 1.1). The

Tarlong-Taodonggou area is located ~15 km north of the town of Daheyang, a train depot



along the transcontinental railway. The Zhaobishan area is located ~90 km east of the
Tarlong-Taodonggou area, ~ 15 km to the north of Shanshan railway station. During the
early Permian time, this study area was in the southeastern Kazakhstan Plate, at the
northwestern coast of Paleo-Tethys Sea at approximately 30°-40°N in the arid climate
zone (Figure 1.1C). The LCG LC was deposited in the intracontinental greater Turpan-
Junggar basin during the early Permian (Yang et al., 2010). The basin was developed on
an Upper Carboniferous volcanic arc basement (Yang et al., 2010). The Bogda
Mountains had not been uplifted by Early Triassic on the basis of provenance studies, the
regional distribution of organic-rich lacustrine mudrock, and timing of unconformities
(Carroll et al., 1992; Shao et al., 2001; Greene et al., 2005). Hence, the Turpan Basin was
jointed with the Junggar Basin during the Permian; and the Permo-Trassic fluvial-
lacustrine sedimentary rocks in Tarlong were deposited in the greater Turpan-Junggar
Basin (Greene et al., 2001; Shao et al., 2001).

Northwestern China and adjacent areas of central Asia comprise a collage of
disparate tectonic elements that amalgamated during the late Paleozoic (Burrett, 1974;
Wang et al., 1990). However, the Permian tectonic evolution of the greater Turpan-
Junggar Basin is poorly understood. Proposed models vary widely from extension,
transtension, to foreland loading (Hsu, 1988; Peng and Zhang, 1989; Carroll et al., 1990;
Allen et al., 1995). Yang et al. (2010) suggests the LCs formed during a rifting-drifting
tectonic cycle. There are several lines of evidence supporting the extension rift origin of
the Turpan-Junggar Basin. A N-S-oriented two-dimensional seismic profile across the
Lunan Depression in central Junggar Basin, revealing half-graben structures with
Permian syn-rift sediments (Peng and Zhang. 1989). The arrangement of depocenters in
the basin and their proximity to normal faults, from geologic mapping and seismic
profiles, suggest a series of half-graben in a rift basin (Yang et al., 2010). Half-grabens
similar to those in the greater Turpan-Junggar basin in the latest Carboniferous to Early
Triassic are present in the Quaternary Basin and Range Province of the western US
(Yang et al., 2010). Bimodal magmatism as indicated by swarms of mafic-felsic dike in
the Bogda Mountains has been interpreted as evidence for Permian extension (Allen et
al., 1991).



The Bogda Mountains are a giant anticline and composed mostly of mid-
Carboniferous volcanic arc rocks with scattered Permo-Quaternary sedimentary rocks
exposed on both flanks (Xu et al., 2007). Permo-Triassic fluvial-lacustrine sediments are
extensively exposed along the foothill of the Bogda Mountains (Liao et al., 1987; Carroll
et al., 1995). The sedimentary rocks were deposited in the greater Turpan-Junggar rift
basin on the uppermost Carboniferous volcanic-arc basement formed by collision
between the Junggar and Northern Tian Shan plates according to the new dates (Yang et
al., 2010). Lake expansion and contraction and source uplift to the south had occurred
episodically in the region during the deposition of LCG LC (e.g., Shao et al., 2001;
Wartes et al., 2002; Greene et al., 2005).
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Figure 1.1. Location of the study area. A) Location of the study area in Xinjiang Uygur
Autonomous Region, NW China. B) Geological map of eastern Xinjiang, showing
locations of Tarlong-Taodonggou and Zhaobishan. Modified from XBGMR (1993). C)
Global paleogeographic reconstruction for the early Permian. Modified from Scotese
(1996). The location of the study area is marked with a red star.



1.2. STRATIGRAPHY

The Carboniferous—Triassic chronostratigraphy in the greater Turpan—Junggar
basin is poorly constrained mainly by biostratigraphy of invertebrates (mainly ostracods
and choncostracans), plants, spores and pollens, and vertebrates (Yang et al., 2010). The
LCG LC is an informal cyclostratigraohic unit defined by Yang et al. (2010). The lower
Daheyan, middle Daheyan, upper Daheyan, Lucaogou, and Hongyanchi LCs are
constrained to a late Gzhelian—Artinskian age by an age of 281.42 Ma obtained from a
volcanic ash in profundal shale in the uppermost Hongyanchi in SE Tarlong (Yang et al.,
2010).In addition, biotite and sanidine from the ash-flow tuff underneath the Daheyan—
Taoxigou unconformity in Taodonggou are dated as 301.61 and 300 Ma, respectively,
which are used to determine the lower limit (Yang et al., 2010). The radiometric dates
indicate the great uncertainty of previous biostratigraphy-based chronostratigraphy for
the lower Permian. Thus, the age of the LCG LC was changed from Rodian to lower-
middle Sakmarian and basal Artinskian (291-284 Ma; Figure 1.2). The LCG LC is
overlain by Hongyanchi LC and underlain by upper Daheyan LC. The base of LCG LC is
a sharp erosional surface mantled with a thin layer of well-washed and well sorted
conglomerate, arenite, or pisolitic rudstone, interpreted as lag deposits on a graben-wide
transgressive surface. The top of the LCG LC is a high-relief fluvial channel base in
Taodonggou and NE Tarlong, and well-washed beach conglomerate and arenite in
southern Tarlong, signifying a major regression (Yang et al., 2010). In Zhaobishan, the
base of LCG LC is an unconformity in direct contact with upper Carboniferous basaltic
basement and the top is a sharp conformable surface with sublittoral wackestone to

mudrock deposits overlain by lacustrine shales of Hongyanchi LC. .
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Figure 1.2. Chrono-, litho-, and cyclostratigraphy of upper Carboniferous-middle
Permian strata in the Tarlong-Taodonggou area. Wavy lines are major unconformities;
dashed lines disconformity; and hatched areas missing strata. Absolute ages at stage
boundaries from Gradstein et al. (2004). Modified from Yang et al. (2010, 2013) and
Obrist-Farner and Yang (2015).



2. METHOD AND DATA

Provenance and depositional conditions of sandstones in Lucaogou low-order
cycle are the main concerns of the study. Fieldwork is essential for preliminary
interpretation of structure, depositional environments, paleogeography, paleoclimate and
tectonics based on cyclostratigraphy. Further composition and texture analysis was done

through detailed petrographic work in lab.

2.1. FIELD OBSERVATIONS

Six stratigraphic sections of the Lucaogou low-order cycle were measured at a
cm-dm scale in the Tarlong-Taodonggou area and Zhaobishan area by Dr. Yang and his
colleagues in 2004, 2005, 2007, 2009, and 2014 (Figure 2.1). The author had visited the
measured sections and collected some extra samples in 2015. First, lithology,
sedimentary structures, texture, fossil content, boundary relationships, and stratal
geometry of individual units were described. Depositional environments were interpreted
based on lithofacies combined with stacking patterns and lateral changes. Second, three
orders of sedimentary cycles were delineated by Yang et al. (2010) on the basis of
repetitive depositional environment changes. A high-order cycle (HC) is the most basic
cyclostratigraphic entity which is defined by a cycle of environment change associated
with lake expansion and contraction or erosion and deposition of fluvial sedimentation.
The stacking of one or more HCs will form a longer trend of depositional environment
changes associated with larger scale transgression and regression, which can be defined
as intermediate-order cycle (IC). An IC contains transgressive, condensed section,
highstand, and regressive systems tracts (Yang et al., 2010). Low-order cycle (LC) is
defined by repetitive stacking of ICs that show similar environments and climatic and/or
tectonic conditions.

Thirty seven sandstones were collected from the LCG LCs. Five samples are
from Taodonggou, four from SW Tarlong, six from S Tarlong, five from N Tarlong, eight
from NW Tarlong, and nine from Zhaobishan, covering all parts of each section. Hand
samples were cut to slabs, and then sent to Texas Petrographic Services for thin

sectioning.



2.2. PETROGRAPHY

Microscopic petrographic study of thirty-seven sandstones was carried out to
document framework grain compositions, size, roundness and angularity, grain contact,
matrix composition, and cement types. 400 points were counted in each thin section,
where altered grains were interpreted for their original grain types whenever possible,
using the traditional point counting method. Another counting method is the Gazzi-
Dickinson method (Gazzi, 1966, Dickinson, 1970). The two methods mainly differ in
identifying the lithic grains. The traditional counting method would count a basaltic lithic
grain containing feldspar laths as lithic. However, in the Gazzi-Dickinson method,
basaltic lithics containing feldspar laths are counted as feldspar instead of basaltic lithic.
In this study, the traditional method is applied due to the small size of the feldspar laths
which are difficult to count. The small size of the feldspar laths will also largely reduce
the size of the lithics, which will reduce the estimate of transport distance. All points
were counted using the Nikon Labophot-pol polarizing binocular microscope. Thin
sections were mounted on the stage using Nikon attachable graduated mechanical stage.
The step size was one increment on the stage.

Quartz was divided into monocrystalline and polycrystalline varieties. Feldspars
were divided into plagioclase and potassium feldspars. VVolcanic and sedimentary lithics
are recognized with no metamorphic lithics in the samples. Volcanic lithics were
subdivided into basaltic and intermediate-felsic volcanic lithics. Sedimentary lithics
including chert, mudrock, shale, and carbonate lithics were identified. Other accessory
minerals including amphibole, biotite, chlorite, chalcedony, and zeolite were identified.
Detailed subdivisions can be found in Table 2.1.

Grain shapes were described as equant, ellipse, elongate, very elongate, and
wedge. Roundness and angularity were described as very angular, angular, subangular,
subrounded, rounded, and well-rounded based on Powers’ grain images for estimating
roundness of sedimentary particles (Powers, 1953). Grain contacts were divided into
floating, point, line, and concave and convex types.

The percentages of each component, framework work grains, matrix, and cement,

among all counts were calculated. Sandstone classification is modified from Dott (1964).



A sandstone with 0-5% matrix is classified as arenite; 5-15% matrix subarenite; 15-50%
matrix wacke; > 50% matrix mudrock.

Statistical analyses were carried out to determine mean grain size, sorting, and
average roundness. Grain size is determined by

— Q)lﬁ + Q)SO + ®84
3
Where Mz is the graphic mean size of all the framework grains,@,¢, @, and @g,

Mz (2.1)

are the 16th, 50th, and 84th percentile values of the cumulative curve (Folk and Ward,
1957).
Sorting is determined by the inclusive graphic standard deviation:
¢84 - ¢16 + ¢95 - (DS
4 6.6
Where g; is inclusive graphic standard deviation,@s, @16, @59, @g4, Dos are the
5th, 16th, 50th, 84th and 95th percentile values of the cumulative curve (Folk and Ward,

1957).

(2.2)

o; =

The QFL ternary diagram (Folk, 1980) was plotted to determine petrofacies. Q
includes monocrystalline quartz, polycrystalline quartz, and chalcedony; F plagioclase
and potassium feldspars; L volcanic and sedimentary lithics. Other grains were not used
in the plotting; and the QFL contents were normalized to 100%. Three ternary diagrams,
QmFLt, QmLvLs, and QmPK (Dickinson 1985) were plotted using Tri-plot 4.1.2
software (Todd Thompson, 2009) to determine the tectonic setting of the sandstones.
Compositional and textural properties are plotted along each measured section with
interpreted depositional environments. Vertical and lateral changes of provenance and

transport distance were interpreted from vertical and lateral trends in individual sections.
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Figure 2.1. Geologic map and satellite photo of the study areas. (A) Tarlong-Taodonggou

modified from Yang et al. (2010), (B) Zhaobishan area showing names and location
(black and red lines) of measured sections. Satellite photo is from Google Earth.




Table 2.1. Grain types and modal parameters used in this study

Symbol Definition

Qm Monocrystalline quartz

Qp Polycrystalline quartz

Qc Chalcedony

K Potassium feldspar

P Plagioclase feldspar

Lvi Intermediate volcanic lithic
Lvb Basaltic lithic

Lvu Undifferentiated volcanic lithic
Lv Lvi+Lvb+Lvu

Lsm Mudrock lithic and mud clasts
Lsc Chert

Lss Shale lithic and siltstone lithics
Lsca Carbonate lithic

Ls Lsm+Lsc+Lss+Lsca

Calculated parameters for sandstone classification (Folk, 1980)

Q
=

L

Qm+Qp
K+P
Lv+Ls

Calculated parameters for Dickinson’s ternary diagrams

Q
Qp

Lt

Qm+Qp
Qp+Qc
K+P
Lv+Ls

L+Qp
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3. SANDSTONE PETROGRAPHY

Sandstone petrography is a powerful tool for determining the origin of ancient
terrigenous deposits and tectonic reconstructions of sedimentary basins (e.g., Blatt 1967;
Dickinson, 1970; Pettijohn et al., 1972).Thirty seven sandstones range from coarse silt to
coarse sand in size, are poorly sorted to moderately well sorted, and contain very angular
to well-rounded framework grains. Intergranular components are pore-filling calcite,
microcrystalline quartz, chalcedony, and calcitic mud. The raw point-counting and
statistic data are shown in Table 3.1 and 3.2.

3.1. FRAMEWORK GRAINS

Framework grains are silicate detrital grains. Their function is to support the
sandstone. Framework grains range in size from 1/16 to 2 mm. They are classified into
three categories on the basis of their mineral composition: quartz, feldspar, and lithics,
among which eight types were identified. Grain composition, size, sorting, roundness,
and contact were examined.

3.1.1. Quartz (Q). Quartz is hard and chemically stable and, thus, can survive
multiple recycling. As a result, it is the most abundant mineral with a 50%-60%
occurrence in most sandstones in the geological history (Boggs, 2014). However, quartz
content is low in Lucaogou sandstones, only 1.8% on average. This may be related to
quartz-poor provenance lithology. Two types of quartz, monocrystalline and
polycrystalline, are identified in the samples.

3.1.1.1 Monocrystalline quartz (Qm). Monocrystalline quartz makes up 85.14%
of all quartz. Two types of mono-quartz grains are identified. Those from volcanic lithics
show a euhedral to subhedral shape with embayed edges, straight extinction, and are clear
and inclusion-free (Figure 3.1A). The other type is subrounded to rounded, and has
straight or slightly undulose extinction, and possible internal fractures inside grain
(Figure 3.1B). These features indicate that the grains had experienced transport and some
compaction. Grain size Qm varies from coarse silt to coarse sand, and very fine sand on
average. The roundness of Qm grains ranges from very angular to rounded and is mainly

subrounded.



Table 3.1. Raw point-counting data and results of statistical grain size analysis of Taodonggou, S, SW, N Tarlong sections

Section SampleNo. Qm Qp Qc K P Lvi L Lvu Lsm Lsc Lss Lsca Cement Matrix Mz ol Sk1
5 TD21 3 0 0 21 3 60 152 25 10 3 3 0 7 86 1.61 0.7 0.14
60‘8 TD27 3 0 0 3 0 6 39 45 0 0 3 0 10 272 334 0.73 0.66
5 TD29 3 1 0 7 2 46 227 1 12 7 7 0 53 14 1.82 0.63 0.03

?g TD35 4 0 0 16 2 39 143 7 6 12 0 97 46 2.3 0.57 -0.03
. TD37 22 3 0 7 3 4 66 24 11 2 22 0 133 51 341 0.62 -0.04
TR1-13 3 1 0 15 0 9 154 13 10 3 4 0 148 14 234 077 -0.03
" S7-59 5 1 0 43 O 5 13 23 1 0 0 0 3 158 232 091 -0.15
E S7-65 2 0 0 18 0 14 147 63 4 2 1 7 76 61 3.07 077 -0.18
,‘:" S7-66 2 3 0 12 0 6 72 8 2 6 5 2 2 20 2.4 0.7 0.16
@ S7-67 2 0 0 54 0 2 162 43 8 0 7 3 57 55 24 0.89 -0.07
S7-73 7 1 0 34 5 16 41 90 16 1 0 0 79 67 3.83 0.73 -0.02
o0 B09-1 7 0 0 22 0 5 153 0 3 1 6 0 117 38 247 102 -0.24
2 B09-3 3 0 1 7 1 17 32 10 79 6 0 0 185 33 2.5 133 -0.21
= B09-4 6 0 0 15 5 11 51 10 93 5 29 0 141 18 1.54 0.89 0
% B09-7 5 0 0 6 1 21 70 91 13 0 1 1 38 177 405 0.66 -0.03
TR30 0 0 0 8 0 69 278 2 0 4 0 0 0 35 1.61 0.61 0
%D TR31 3 0 7 35 0 26 273 3 10 0 11 0 1 26 2.72 0.8 -0.15
= TR34-1 3 2 15 45 1 18 258 0 4 3 5 0 9 8 3.19 0.69 0.04
; TR34-3 4 1 25 47 0 21 225 1 2 1 9 2 44 0 272 0.73 -0.16
TR40 6 0 0 11 0 12 152 31 6 0 16 0 142 23 1.8 1.001 -0.01

¢t



Table 3.2. Raw point-counting data and results of statistical grain size analysis of NW Tarlong and Zhaobishan sections

Section SampleNo. Qm Qp Qc K P Lvi Lvb  Lvu Lsm Lsc Lss Lsca Cement Matrix Mz ol Sk1
S7-42 0 0 10 0 5 55 32 0 0 0 1 1 198 1.24 1.74 0.12

S7-44 1 0 0 15 1 33 197 6 0 0 3 0 52 88 0.07 1.27 0.22

ao S7-47 7 0 59 0 36 184 10 0 0 24 0 54 0 29 0.6 0.07
TSU S7-48 16 0 0 68 0 9 201 22 1 0 31 0 35 7 2.7 055 0.03
'; S7-52 0 0 26 0 1 57 23 2 0 9 0 133 144 254 0.7 -0.18
=z S7-57 1 3 20 0 191 27 1 0 39 0 9 41 2.23 0.78 -0.19
S8nw-2 2 1 8 46 5 23 228 32 1 0 10 0 34 14 1.96 0.59 0.01

S8nw-16 0 1 0 3 0 6 273 31 18 1 2 1 54 0 135 0.89 0.1

S715-1 13 5 0 35 0 26 96 41 2 17 5 0 6 153 2.34 0.88 -0.28

S§715-2 2 2 0 35 0 15 128 34 14 0 6 1 43 108 2.41 0.54 0.04

S715-3 0 1 2 19 0 16 60 30 6 47 2 170 24 2.01 0.75 0.03

j:C“ SZ15-4 2 0 0 14 0 6 98 22 9 17 5 171 43 2.12 0.87 -0.28
% SZ15-5 3 0 0 4 0 9 56 45 0 27 0 204 18 2.75 0.71 -0.2
% S7214-45 0 0 11 2 0 5 86 159 1 21 0 24 46 211 1.2 -0.53
S714-46 4 0 2 0 17 37 93 15 2 3 4 46 106 2.23 0.85 -0.03
S$714-48-1 12 0 0 24 2 17 92 39 6 0 3 1 44 57 2.68 0.63 -0.11
S714-50 24 2 0 13 3 96 139 68 3 0 3 0 0 11 379 085 0.1

€T
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3.1.1.2 Polycrystalline quartz (Qp). Polycrystalline quartz only makes up
14.86% of all quartz. Most Qp grains are composed of interlocking subcrystals showing
slight to high undulosity (Figure 3.1C). The properties of polycrystallinity and undulatory
extinction can be used to distinguish quartz derived from different sources. Some authors
(Folk, 1974; Basu et al., 1975) suggest that this property indicates plutonic or
metamorphic sources. The size of Qp grains varies from coarse silt to coarse sand with an
average fine sand size. Roundness varies from very angular to rounded, mainly
subrounded.

3.1.2. Feldspar (F). Although feldspars are the most common minerals in igneous
and metamorphic rocks, feldspars are less stable than quartz at conditions near the Earth's
surface. Thus, feldspars make up only 10-15% of all framework grains in sandstones in
the geologic record (Boggs, 2014). Feldspars account for 9.46% of all framework grains
in Lucaogou sandstones, which is similar to that of world average. Feldspars have two
types, plagioclase and potassium feldspars. Both types are observed in the samples.
Twinning makes it easy to distinguish between feldspars and quartz. However, some
potassium feldspars don’t show twinning. Cleavage is another feature that can be used to
identify feldspar. Feldspars have two cleavage planes that intersect at ~90°. Plagioclase is
the dominant feldspar in the samples while potassium feldspars are minor. The average
P/F ratio is 0.93, which indicates a dominant volcanic source (Dickinson, 1985).

3.1.2.1 Plagioclase (P). Plagioclase feldspars form a complex solid solution series
ranging in composition from albite through anorthite. They account for 92.85% of all
feldspars. Plagioclase can be easily distinguished from potassium feldspar on the basis of
optical properties such as albite twinning and zoning (Figure 3.1D, E). The grain size
varies from coarse silt to very coarse sand with an average size of fine sand. Roundness
varies from very angular to well-rounded, mainly subangular to subrounded. High
plagioclase content, relatively angular shape, and compositional zoning support a nearby
volcanic source.

3.1.2.2 Potassium feldspar (K). Potassium feldspars only account for 7.15% of
all feldspars. Common species of potassium feldspar are orthoclase, microcline, and
sanidine. But only orthoclase is observed in the studies samples. Orthoclase is identified

by its platy shape, two sets of cleavages, and Carlsbad twinning (Figure 3.1F). Its size
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varies from coarse silt to medium sand with an average of very fine sand. Roundness
varies from very angular to rounded, mainly subrounded.

3.1.3. Lithics (L). Lithics are fragments of ancient source rocks and sediments
that have not yet disintegrated to yield individual mineral grains. Lithics are the most
dominant component in the studied samples, accounting for 88.74% of all framework
grains. Volcanic lithics include basaltic and intermediate-felsic volcanic fragments; and
sedimentary lithics including chert, mudrock, shale, and carbonate fragments. No
metamorphic lithics were seen. The abundance of lithics indicates a low compositional
maturity.

3.1.3.1 Volcanic lithics (Lv). Volcanic lithics in the sandstones are differentiated
based on texture into felsitic, vitric, microlithic, and lathwork types. Felsitic grains are
anhedral, microcrystalline mosaic composed of mainly quartz and feldspar. Vitric grains
are glass or altered glass. Microlithic grains are subhedral to euhedral feldspars in
pilotaxitic, felted, trachytic, or hyalopilitic groundmass of microlites, and represent
mainly intermediate volcanic lithics (Figure 3.2D). Lathwork grains contain plagioclase
laths in intergranular and intersertal textures representing mainly basaltic lithics
(Dickinson, 1970; Figure 3.2A, B, C). The average percentage of basaltic grains is 88.4%
of all grains; that of intermediate volcanic lithics ~10%; and felsic volcanic lithics 1~2%.
Abundant lathwork grains with little microlithic and minor felsitic and vitric grains is
typical of all the samples, indicating the dominance of a basaltic source and a distant
secondary intermediate-felsic volcanic source. The size of volcanic lithics varies from
very fine sand to granule. The roundness varies from very angular to rounded, mainly
subangular to subrounded. A major portion of the volcanic lithics is partially or
completely replaced by calcite, which makes it hard to interpret the exact type of volcanic
lithics. These grains are not included in the calculation of basaltic and felsic volcanic
lithics, but they are included in the calculation of volcanic lithics and lithics.

Basaltic lithics (Lvb) are the most abundant component in both lithic grains and
framework grains. The Lvb can be identified by feldspar laths encased in brown or black
groundmass (Figure 3.2A, B). The black graoundmass is probably due to the abundance
of Fe-bearing opaque minerals. The light color groundmass is the result of alteration into

clay or calcite. Some of the Lvb show a preferred orientation of feldspar laths, referred as
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trachyte and included in the Lvb on ternary diagrams. The size of the Lvb grains varies
from coarse silt to fine pebble with an average size of fine sand. Roundness varies from
very angular to well rounded, mainly subrounded.

Intermediate-felsic volcanic lithics (Lvi) are minor, accounting for 10% of all volcanic
lithics. In some cases, they are hard to differentiate from chert grains. One difference
between them is the relief of the feldspars and quartz can be differentiated in volcanic
lithics under plane light based on Becker line, while chert shows a relative flat surface.
The size of Lvi varies from coarse silt to fine pebble with an average size of fine sand.
Roundness varies from very angular to well-rounded, mainly subrounded.

3.1.3.2 Sedimentary lithics (Ls). Sedimentary lithics account for 12.4% of all the
lithics. Four main types of Ls, mudrock, shale, chert, and carbonate, are recognized in the
samples.

Mudrock lithic (Lsm) is the most common Ls in the samples, and accounts for
35.5% of all Ls. It is characterized by clay matrix with scattered silt or sand grains
(Figure 3.2E). Lsm are mainly rounded and well-rounded, indicating that the clasts were
lithified or semi-consolidated during deposition. These grains can be interpreted as
fragments of mudrocks or cohesive muddy sediments. Some of the mudrock clasts are
subangular to subrounded with embayed edges, and may be rip-up mud clasts (Figure
3.2F).

Chert (Lsc) is the second most abundant Ls in the samples. It is characterized by
relatively equant, uniform-sized grains in crenulate, sharp contacts (Figure 3.3A). Chert
is not observed in NW Tarlong, but in other sections, and accounts for 9.3% of all Ls.

Shale lithics (Lss) are also present in the samples. It can be identified by clear
laminations and deformation by adjacent hard grains (Figure 3.3B), indicating a shale
origin. The shale lithics could have been derived from uplifted rift shoulders exposing
shale, because shale would not have survived long-distance transport.

Some carbonate lithics (Lsca) are also seen in some samples, accounts for 6.9% of
all Ls, and mostly occur as ooids (Figure 3.3C). The small amount of carbonate lithics
suggests they are not formed in-situ. These lithics were derived from a provenance

containing carbonate rocks.
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In SW Tarlong, Ls grains account for 38.4% of all the lithics, while in other
sections, the percentage is 10.0%. Most of the Ls in SW Tarlong are rounded to well-
rounded mudrock lithics. The wide range of variation in abundance of of Ls grains
suggests a nearby local sedimentary source in SW Tarlong in addition to a regional
dominant volcanic source. The small amount of Ls in other sections suggests a secondary
sedimentary source. The size of the Ls varies from coarse silt to granule with an average
fine sand size. Roundness varies from very angular to well-rounded, mainly (66.8%)
subrounded to rounded.

3.1.4. Accessory Minerals. A wide variety of accessory minerals are present and
account for less than 1% of all framework grains. Biotite, muscovite, chalcedony,
chlorite, zeolites, magnetite, hematite, and amphibole (Figure 3.3D, E, F). Some of them
are depositional, whereas others are formed through diagenesis. The size of the accessory
minerals varies from very fine to medium sand. Roundness varies from angular to

rounded.

3.2. MATRIX AND CEMENTS

Matrix and cements are dominantly calcitic. Grains in sandstones smaller than
0.03 mm, which fill interstitial spaces among framework grains, are referred to as matrix.
Cements are minerals bounding the framework grains in most siliciclastic sedimentary
rocks.

3.2.1. Matrix. Matrix originates in two principal ways. First, primary detrital
matrix is transported and deposited with the sand-size framework grains. Second, matrix
can also be produced by diagenesis: rock fragments are squashed and disaggregated; and
feldspar is transformed into clay. In this study, the matrix is likely to be a diagenesis
product. Two lines of evidence support the interpretation. First, no available source is
known for the calcitic matrix. Most grains in the samples are terrestrial siliciclastic grains
with scattered carbonate lithics. Second, replacement of volcanic grains by calcite is
common in thin sections, which could be the first stage of alteration of volcanic grains
into matrix.

Matrix in the samples is mainly calcitic mud of silt and clay size (Figure 3.4A).

The calcitic composition is identified by HCL test on hand samples and staining with
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Alizarin red S on thin sections. Some of the matrix is clay minerals which are hard to
distinguish by routine petrographic microscope. Further identification using X-ray
diffraction and electron microscopy would be needed. The percentage of matrix varies
from 0% to 44.25% in all samples. Two mudrocks, described as muddy wackes in the
field, are identified in Taodonggou and NW Tarlong with matrix percentages of 68.51%
and 65.3%, respectively. The average matrix percentage in S Tarlong, Tadonggou, SW
Tarlong, and Zhaobishan is 15% to 25%. In NW Tarlong, the matrix amount is 10.73%,
and 4.6% in N Tarlong. This trend indicates a textural maturity decrease trend from south
to north in the Tarlong-Taodonggou area.

3.2.2. Cements. Cements in the studied samples are mainly of two types,
isopachous and pore-filling (blocky). Cement minerals are calcite, chalcedony, and
microcrystalline quartz. Most samples experienced severe diagenesis. The amount of
cements varies from 0 to nearly 50%. The average cements in S Tarlong, Taodonggou,
SW Tarlong, N Tarlong, NW Tarlong and Zhaobishan are 15.36%, 15.00%, 29.75%,
9.80%, 11.68%, and 19.88%, respectively. Isopachous and blocky calcite cements are
well developed in most samples; zeolite cement is well developed in NW Tarlong and
rare in N Tarlong; and silica cement occurs in NW Tarlong, Taodonggou, and
Zhaobishan. The formation of isopachous calcite cements (Figure 3.4B) could have been
related to hydrothermal fluids; but more evidence is needed to support the interpretation.
Poikilotopic calcite cements were observed in some samples.

In NW Tarlong, Zhaobishan and middle part of Taodongou section, silica
cements, such as microcrystalline quartz and chalcedony (Figure 3.4C, D), were present.

This may indicate different pore water chemistry.

3.3. SANDSTONE CLASSIFICATION

There are more than 50 schemes of classifying sandstones, but the most
commonly used ones incorporate both texture and mineralogy. In this study, the
classification is from Dott (1964). This classification is better to portray the continuous
nature of texture variation from mudrock to arenite and from stable to unstable grains.
The classification is based on both the relative abundances of quartz (Q), feldspar (F),

and rock fragments (R) and the abundance of matrix, modified from Dott (1964) (Boggs,
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2014). Two parameters of relative abundance are used to subdivide terrigenous
sandstones. The first parameter is the percentage of matrix in the mixture of framework
grains and matrix, without considering cement and porosity. The second is the percentage
among three types of framework grains, i.e., quartz, feldspar and rock fragments (lithics).
Sandstones are divided into three groups: arenites, containing little or no matrix (<5%);
subarenites, containing some matrix (5-15%); and wackes, containing perceptible matrix
of 15-50%. Siliciclastic sedimentary rocks containing more than 50% matrix are called
mudrock. The relative percentage of quartz, feldspar and rock fragments is used to
subdivide arenites, subarenites and wackes. Other framework grains, such as micas and
heavy minerals, are ignored. The arenites are subdivided into quartz arenite (more than
95% quartz grains), arkosic arenite/subarenite (more than 25% feldspar and more feldspar
than rock fragments), subarkose arenite/subarenite (5-25% feldspar grains and more
feldspar than rock fragments), lithic arenite/subarenite (more than 25% rock fragments
and more rock fragments than feldspar), and sublitharenite/subarenite (5-25% rock
fragments and more rock fragments than feldspar). The wackes are divided into quartz
wacke (more than 95% quartz grains), lithic wacke (more than 5% rock fragments and
more rock fragments than feldspar), and feldspathic (arkosic) wackes (more than 5%
feldspar and more feldspar than rock fragments).

According to Folk (1959), the name of a rock must convey as much information
as possible without being a complete description. Five properties including grain size,
chemically precipitated cements, textural maturity, miscellaneous transport constituents,
and clan designation, are proposed to define sandstone. Textual maturity is reflected by
terms of arenite/subarenite and wacke in Dott’s classification. Thus, the name could be in
the following format: (Grain size) (chemically precipitated cements) (miscellaneous
transported constituents) (clan designation). The grain size and clan designation should
always be mentioned, while the other two aspects should be mentioned whenever
observed. Due to severe diagenesis, the boundary of whether or not describing cements is
set at 10% to differentiate degrees of cementation.

Overall, all the studied samples can be classified into four groups: eleven lithic
arenites, fifteen lithic subarenites, nine lithic wackes, and two lithic mudrocks. More

detailed classification of each sample is shown in Table 3.3.



Table 3.3. Classification of studied sandstones

Section

Taodonggou

S Tarlong

SW Tarlong

N Tarlong

NW Tarlong

Zhaobishan

Sample No.
TD21
TD27
TD29
TD35
TD37

TR1-13
S7-59
S7-65
S7-66
S7-67
S7-73
B09-1
B09-3
B09-4
B09-7
TR30
TR31

TR34-1

TR34-3
TR40
S7-42
S7-44
S7-47
S7-48
S7-52
S7-57

S8nw-2

S8nw-16

SZ15-1
SZ15-2
SZ15-3
SZ15-4
SZ15-5
SZ14-45
SZ14-46
SZ14-48-1
SZ14-50

Classification
Medium sand lithic wacke
Very fine sand lithic mudrock
Medium sand lithic arenite
Fine sand calcitic lithic subarenite
Very fine sand calcitic lithic subarenite
Fine sand calcitic lithic arenite
Fine sand lithic wacke
Very fine sand calcitic lithic wacke
Fine sand lithic subarenite
Fine sand calcitic lithic subarenite
Fine sand calcitic lithic wacke
Fine sand calcitic lithic subarenite
Fine sand calcitic lithic subarenite
Medium sand calcitic lithic arenite
Coarse silt lithic wacke
Medium sand lithic subarenite
Fine sand lithic subarenite
Very fine sand lithic arenite
Fine sand calcitic lithic arenite
Medium sand calcitic lithic subarenite
Medium sand lithic mudrock
Coarse sand calcitic lithic wacke
Fine sand calcitic lithic arenite
Fine sand lithic arenite
Fine sand calcitic lithic wacke
Fine sand lithic subarenite
Medium sand lithic arenite
Medium sand chalcedony lithic arenite
Fine sand lithic wacke
Fine sand calcitic lithic wacke
Fine sand calcitic lithic subarenite
Fine sand calcitic lithic subarenite
Fine sand calcitic lithic arenite
Fine sand lithic subarenite
Fine sand calcitic lithic subarenite
Fine sand calcitic lithic subarenite
Very fine sand lithic arenite

20
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Figure 3.1. Photomicrograph of quartz and feldspars. A) Photomicrograph (XL) showing
typical volcanic quartz indicated by a biprism shape and embayed edge. Adjacent grains
are coated with isopachous calcite. Sample TR1-13 from S Tarlong. B) Photomicrograph
(XL) showing a rounded monocrystalline quartz indicating long transport distance.
Sample TR40 from N Tarlong. C) Photomicrograph (XL) showing a polycrystalline
quartz or composite grain. Sample TD29 from Taodonggou. D) Photomicrograph (XL)
showing a plagioclase with albite twinning. Sample TD35 from Taodonggou. E)
Photomicrograph (XL) showing a subaugular zoned plagioclase feldspar indicative of a
volcanic origin. Sample B09-3 from SW Tarlong. F) Photomicrograph (XL) showing a
rounded Carlsbad twinning potassium feldspar surrounded by rock fragments. Sample
TD29 from Taodonggou. Lvb-basaltic lithic, Lsm-mudrock lithic, Lss-shale lithic.
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Figure 3.2. Photomicrograph of volcanic lithics and mud clasts. A) Photomicrograph (PL)
showing a volcanic lithic. Feldspar laths are visible, and the groundmass is altered into
clay. Sample B09-1 from SW Tarlong. B) Photomicrograph (XL) showing an angular
basaltic lithic in a black groundmass. Sample B09-1 from SW Tarlong. C)
Photomicrograph (XL) showing a lathwork grain indicating basaltic origin. Sample TR40
from N Tarlong. D) Photomicrograph (XL) showing a microlithic grain suggesting a
felsic origin. Sample TR30 from N Tarlong. E) Photomicrograph (XL) showing a brown
well-rounded mudrock indicating long transport distance. Sample S7-67 from S Tarlong.
F) Photomicrograph (PL) showing a very angular mudclast indicating short transport.
Sample b09-4 from SW Tarlong. Lsm-mudrock lithic, P-plagioclase.
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Figure 3.3. Photomicrograph of sedimentary lithics and accessory minerals. A)
Photomicrograph (XL) showing a chert grain. Sample SZ15-1 from Zhaobishan. B)
Photomicrograph (XL) showing a dark brown deformed rounded shale lithic in the
middle. Sample TD29 from Taodonggou. C) Photomicrograph (PL) showing a carbonate
fossil. Sample Snw8-16 from NW Tarlong. D) Photomicrograph (XL) showing a
chalcedony grain. Sample SZ15-2 from Zhaobishan. E) Photomicrograph (XL) showing
an amphibole characterized by pleochroism and two sets of cleavages. Sample B09-3
from SW Tarlong. F) Photomicrograph (XL) showing a chlorite characterized by its
green color. The grain to the left could be a zeolite based on previous XRD result.
Sample S7-65 from S Tarlong. P-plagioclase, Lvb-basaltic volcanic lithic, Z-zeolite.
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Figure 3.4. Photomicrograph of matix and cements. A) Photomicrograph (XL) showing
silt grains floating in calcitic mud tested by HCL acid from hand sample. Sample TD27
from Taodonggou. B) Photomicrograph (PL) showing abundant isopachous calcite
growing inside and around grains. Sample SZ15-5 from Zahobishan. C) Photomicrograph
(XL) showing a pore-filling silicate cement, probably microcrystalline quartz or zeolite.
Sample TD29 from Taodonggou. D) Photomicrograph (XL) showing isopachous
chalcedony cement around basaltic volcanic lithics. Sample S8nw-16 from NW Tarlong.
Lvb-basaltic lithics.
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4. PETROFACIES

A petrofacies (i.e., petrographic facies) is defined as facies distinguished
primarily on the basis of appearance or composition, without respect to form, boundaries,
or mutual relations (Bate and Jackson, 1984). Quantitative analysis by counting 400
points in each sample provides critical data to define petrofacies.

All the sandstones in this study cluster tightly on the QFL compositional ternary
diagram of Folk (1980), with a mean composition of QsFgLgg (Figure 4.1). This
clustering, essentially, defines one petrofacies for the entire LCG samples, signifying a

first-order underlying control on the sandstone composition of LCG LC.

Q

S Tarlong Quartzarenite
Taodonggou

SWTarlong  gybarkose Sublitharenite
N Tarlong

NW Tarlong
Zhaobishan

O+ ¢mep»

F

Atkose 13- LithicArkose {:1 Feldspathic 3.1 Litharenite
Litharenite

F/R ratio

Figure 4.1. QFL Ternary diagram showing all 37 samples from the LCG LC fall in
litharenite field in the LCG LC, according to Folk’s (1980) sandstone classification.
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With respect to the mean QFL composition of all the sandstones, average LCG
sandstone is a litharenite according to Folk’s (1980) classification. Mono- and
polycrystalline quartz account for 85% and 15% of total quartz content, respectively.
Plagioclase dominates the feldspars with a 96% and potassium feldspar is only 4%.
Volcanic lithics account for 84% of the lithics where basaltic lithics (84%) dominate with
minor intermediate volcanic lithics (16%). Basaltic lithics would have a low silca content
(<52%), while intermediate-felsic would have higher silica content (>52%). Sedimentary
lithics make up 16% of all the lithics with chert and mud clasts as the main types. Grain
size varies from coarse silt to fine pebble. Roundness of the grains varies from very
angular to well-rounded; and sorting from poorly to moderately well sorted.

However, a close examination of the apparently closely-related 37 sandstones
differentiates three groups, that is, petrofacies. They have variable Lv/Ls and Lvb/Lvi

ratios and are described as petrofacies A, B, and C in detail below.

4.1. PETROFACIES A

The mean compositions of Petrofacies A, as defined in three types of ternary
diagrams, are QsF11Lgs, QmyF1oLtgs, QpiLlssLvgy, and QmisK;Pgs. This petrofacies
encompass 22 samples in all sections. Volcanic litihcs dominate in Petrofacies A, of
91.4% of all lithic grains, while sedimentary lithics of 7.2%. Of all the volcanic lithics,
basaltic lithics account for 92.1% and intermediate-felsic lithics 7.9%. The average size is
fine sand with a range from very fine to coarse sand. Roundness of the grains varies from
subrounded to rounded (Figure 4.2); and sorting from poorly sorted to moderately well-
sorted, and mainly moderately sorted. The skewness is mainly near symmetrical to coarse
skewed. The amount of matrix varies from 0-39.5% with an average of 16.6%. The

amount of cements varies from 0.33-35.5% with an average of 12.9%.

4.2. PETROFACIES B

Petrofacies B has mean compositions of QsFsLg,, QmsFgltsg, QpiLssslves, and
Qmy3KeP71, which can be differentiated from QpLvLs ternary diagram (Figure 4.3). This
petrofacies occurs in 8 samples from Taodonggou, SW Tarlong, N Tarlong, and

Zhaobishan sections. It is characterized by a great percentage of sedimentary lithics
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(36.5%). They are mainly mudrock and shale lithics. VVolcanic lithics are still dominant in
the samples (62.9%), where basaltic lithics are 87.1% and intermediate-felsic lithics
12.9%. The average size of the framework grains is fine sand, ranging from very fine to
medium sand. Roundness is mainly subrounded to rounded (Figure 4.4); and sorting
varies from poorly sorted to moderately well sorted. The skewness is coarse skewed to
near symmetrical. The average amount of matrix is 11.6%, ranging from 8.3-21.5%. The
average amount of cements is 27.1%, ranging from 0-42.8%. The relatively large amount

of sedimentary lithics indicates a secondary sedimentary source.

4.3. PETROFACIES C

Petrofacies C has mean compositions of QsFglgg, QmysFgLtsz, Qp1LSi0LVse, and
Qm33K4Ps3, which can be differentiated from QmLvbLvi ternary diagram (Figure 4.5).
Petrofacies C occurs in 7 samples in the upper part of the Taodonggou, SW Tarlong, S
Tarlong sections and most parts of the Zhaobishan section. This petrofacies is
characterized by a relatively high content (26.8%) of intermediate-felsic volcanic lithics
of all volcanic lithics, while basaltic lithics only account for 73.2%. Volcanic lithics are
dominant (89.3%), and sedimentary lithics account for 9.9% of all lithics. The average
size of the framework grains is fine to very fine sand, ranging from coarse silt to fine
sand. Roundness is mainly subrounded (Figure 4.6); and sorting is moderately-
moderately well sorted. Near symmetrical is the main skewness. The average percentage
of matrix is 20.9%, ranging from 2.8-44.3%. The average amount of cements is 15.6%,
ranging from 0-42.5%. The relatively high content of intermediate-felsic volcanic lithics
indicates a felsic volcanic source was exposed in the area. A slightly higher quartz
content in Petrofacies C would also suggest intermediate-felsic source due to the presence
of quartz in intermediate-felsic volcanic source rocks.

All three petrofacies show a very low compositional maturity. Texturally,
Petrofacies B has the least amount of matrix (11.6%), which can be classified into
subarenite, whereas the other two petrofacies are wackes. Roundness is almost identical
among all petrofacies due to the large amount of lithics. Petrofacies C is slightly better
sorted than the other facies. The smallest grain size is also observed in Petrofacies C.
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Overall, all the petrofacies are immature to submature based on the amount of matrix and
textural properties on the basis of Folk’s textural maturity classification (Folk, 1951).
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Figure 4.2. Roundness distribution of Petrofacies A
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Figure 4.3. QpLvLs ternary diagram to differentiate Petrofacies B from the other two
petrofacies.
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Figure 4.5. QmLvbLvi ternary diagram showing relatively high Lvi content in Petrofacies
C compared with the other two petrofacies
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4.4, PETROFACIES AND DEPOSITIONAL ENVIRONMENTS

Fluvial, lake plain, littoral, and delta are the depositional environments for the
sandstones in this study. The interpretation of depositional environments was done in the
field based on sedimentary texture and structures, stacking pattern, and stratal geometry
by Dr. Wan Yang (see Yang et al., 2010 for interpretation criteria; Appendix). Of all the
samples, three are fluvial, one lake plain, twenty-five littoral, and eight deltaic. The
distribution of sandstones with respect to Petrofacies and depositional environments is
shown in Table 4.1.

Petrofacies A occurs in all the depositional environments. Fluvial sandstones are
only observed in Petrofaices A. The abundant basaltic lithics with minor sedimentary and
felsic lithics would indicate low source lithology diversity. Petrofacies B occurs in eight
delta-front and littoral facies. It is characterized by a relatively large amount of
sedimentary lithics and mostly subrounded to rounded. The relative roundness of all the
sedimentary lithics would indicate high total energy or softness of the lithic grains. These
two environments are of relatively high energy. Petrofacies C occurs in seven samples
from lake plain, delta, and littoral facies. No clear link between Petrofacies C and

depositional environments is present.
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Overall, the link between petrofacies and depositional environments are not clear.

Petrofacies are distinguished by compositional differences, which are largely determined

by provenance lithology. However, the composition of sandstones in different

depositional environments are largely affected by both provenance lithology, transport

distance, and diagenesis. As a result, the direct relationship between petrofacies and

depositional environments is not well defined.

Table 4.1. Occurrence of petrofacies in relation to depositional environments

Fluvial Lake plain Delta Littoral
Petrofacies A 3 0 5 14
Petrofacies B 0 0 2 6
Petrofacies C 0 1 1 5
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5. PROVENANCE

The use of quantitative detrital modes, calculated from point-counting data, to
infer sandstone provenance is well established (Dickinson and Suczek, 1979). The
tectonic setting of the provenance apparently exerts primary control on sandstone
compositions, though relief, climate, transport mechanism, depositional environment, and
diagenesis all can be important secondary factors (Dickinson, 1985). Provenance refers
specifically to the composition, location, and dimensions of source rocks, and relief,
climate, and tectonic setting of the source area. Point-counting data are plotted on various

ternary diagrams from Dickinson (1985) to speculate provenance conditions.

5.1. TECTONIC SETTING

Fourteen of the 37 samples fall in the undissected arc field, and the rest 23
samples in the lithic recycled field on the QmFLt plot (Figure 5.1). Half of the samples
from Petrofacies A fall in the undissected field, while the other half in the lithic recycled
area. Most samples of Petrofacies B, except one sample from the lower part of the
Taodonggou section, fall in the lithic recycled area. Two samples of Petrofacies C fall in
the undissected arc field, and the rest five samples in the lithic recycled field.

Undissected arc is inferred from volcaniclastic debris shedding from volcanogenic
highlands along active island arcs and on some continental margins where arc volcanic
chains have undergone only limited erosion. This would indicate that a nearly continuous
volcanic cover was present during the deposition of the samples in the undissected arc
field. The lithic recycled field is defined as subduction complexes of sediments and lavas
(Dickison, 1985). This field indicates that tectonically uplifted subduction complexes
composed of old rocks form a structural high along the trench-slope break between the
trench axis and the volcanic chain within an arc-trench system. The distribution on the
QmFLt plot indicates that most of the samples have a lithic recycled orogen provenance

and some undissected arc provenance.
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Figure 5.1. QmFLt ternary diagram showing the Lucaogou sandstones fall in lithic
recycled and undissected arc fields on the global tectono-sandstone composition scheme.
Modified from Dickinson (1985).

The other ternary plot used to determine provenance is the QpLvLs ternary
diagram, showing the relative proportions of lithics of different origins. This diagram
shows a slightly different story from the QmFLt plot. Most samples, except Sample B09-
4 of Petrofacies B from SW Tarlong, are plotted in the magmatic arc field (Figure 5.2).
This indicates a predominant magmatic arc provenance, which is in conflict with the
magmatic arc and lithic recycled provenances interpreted from the QmFLt diagram.
Sample B09-4 and B09-3 are characterized by a very high sedimentary lithic content,
more than 50% of all lithics. This suggests the presence of a local sedimentary source.
According to the ternary diagram, sample B09-4 is classified as mixed orogenic

provenance.
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Figure 5.2. QpLvLs ternary diagram showing most of the Lucaogou sandstones are
plotted in the arc orogen field suggesting a magmatic arc provenance. Modified from
Dickinson (1985).

QmKEP ternary diagram is used to compare the abundance of monocrystalline
quartz with both potassium feldspars and plagioclase, using common monomineralic
grains. This diagram shows concentration of monocrystalline quartz and plagioclase with
minor potassium feldspar (Figure 5.3). For all the samples, the average P/F ratio is 95%.
From Petrofacies A to B and B to C, average Qm content shows an increasing trend.
Based on Dickinson (1985), this trend indicates an increase in plutonic source in a
magmatic arc provenance. However, the trend is poorly defined, indicating a mixed

provenance or the increasing influence of other non-provenance factors.

5.2. INTERPRETATION OF PROVENANCE
Magmatic arc is the provenance interpreted from two ternary diagrams. However,

the location of the magmatic arc still needs to be determined.
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Figure 5.3. QmPK ternary diagram showing a high P/F ratio of Lucaogou sandstones.
Modified from Dickinson (1985).

The young arc signature combined with tectonic studies from previous workers
(Shao et al., 2001; Greene et al., 2001) suggests that the late Carboniferous northern Tian
Shan volcanic arc to the south is the primary provenance of the Tarlong-Taodonggou
sandstones. However, basaltic lithics from different sources are difficult to differentiate.
In the study area, thick basalt basement is observed in the field, which could also be a
possible source. Regional versus local volcanic sources can be distinguished based on
textural attributes. Some of the volcanic lithics are rounded, suggesting a long transport
distance, which will support the distant Tian Shan origin. However, some of the volcanic
lithics and zoned plagioclase are angular to subangular and indicate a close source. The
surrounding rift shoulders could have exposed underlying upper Carboniferous oceanic
arc basement basalts (Carroll et al., 1990; Graham et al., 1993; Yang et al., 2013).

Some samples are characterized by a relatively high intermediate-felsic volcanic

lithic content, which is defined as Petrofacies C. In addition, most of the Lvi are
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subangular to subrounded, which suggests a short transport distance. This can be
interpreted as exposure of felsic volcanic rocks in the rift shoulders.

A small quartz content (<10%) in all the samples indicates the absence of or
limited source for quartz. Therefore, other possible sources should be considered.
Angular subhedral quartz with embayment on the edge suggests a volcanic source with a
short transport distance. This could come from rift shoulder exposure of felsic volcanic
lithics or contemporary volcanic ash deposits. Some rounded quartz are also present in
the samples. This type of quartz could have been recycled from sedimentary rocks
exposed in the local rift shoulder or could be the first-cycle quartz transported from long
distance. Yang et al. (2013) reported turbidites and shallow marine sandstones
intercalated with basement basalts, which can be the possible source of quartz. It is
difficult to tell the two origins apart solely based on petrographic data. Other techniques
should be applied to interpret the exact provenance of the quartz grains.

Petrofacies B is characterized by a high percentage of sedimentary lithics, where
most of them are mudrock lithics and mud clasts. Mud clasts are augular to subangular,
indicating a short transport distance. Their source could be intrabasinal mudrocks or
semi-consolidated muddy sediments. Rounded mudrock lithics indicate a relatively long
transport distance. Nevertheless, the low resistance of mudrock to physical transport
suggests that the source would still be in the local area. This characteristic suggests a
secondary sedimentary source.

Overall, basaltic, intermediate-felsic volcanic and sedimentary lithics were all
possibly exposed in the rift shoulders during the deposition of LCG LC. The diverse
lithology of the rift shoulders makes the trace of sediment sources more complicated.

Textural attributes are closely linked with transport distance. In Taodongou-
Tarlong area, the highest textural maturity is observed in N Tarlong section, which would
indicate the longest transport distance. While the other sections show a decreasing trend
of maturity from south to north. If all the sections are receiving sediments from the same
source, this would support the northern Tian Shan source area to the south. In Zhaobishan
area, the samples are dominantly subarenite, subrounded to rounded, fine to very fine
sand-sized, and moderately sorted. These characteristics indicate that the sandstones are

texturally mature, which, in turn, suggests a long transport distance. In addition,



Petrofacies C is more developed, while Petrofacies A is less observed in Zhaobishan.
Both compositional and textural differences from those in Tarlong and Taodonggou
suggest that Zhaobishan and Tarlong-Taodonggou areas were in different catchment

systems.

37
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6. STRATIGRAPHIC TREND

Systematic trends of compositional and textural characteristics of sandstones
would provide clues on long-term changes in environmental conditions and elements of
catchment basins (Obrist-Farner, 2015). Petrofacies A occurs in all sections; Petrofacies
B in middle and upper parts of the Taodonggou, middle part of the SW Tarlong, lower
part of N Tarlong, and middle part of Zhaobishan sections (Figure 6.1-6.6); and
Petrofacies C mostly in Zhaobishan (Figure 6.6). Vertical trend of depositional
environments, grain size and sorting, grain composition, and petrofacies are compared

within and between sections to identify the differences and similarities between them.

6.1. TAODONGGOU

In Taodonggou, the section started from Petrofacies B, then switched to
Petrofacies A in the middle part, and finally back to Petrofacies B. The amount of matrix
is the least in the middle part, while the upper and lower parts have more matrix. Grain
size shows two upsection fining trends. Sorting gets slightly better upsection. Roundness
shows no trend through the section. Quartz content increases upsection. Sedimentary
lithics are most concentrated in the middle part. Volcanic lithics show the opposite trend.
Overall, compositional maturity inferred from quartz content increases upsection, while
textural maturity is the highest in the middle part (Figure 6.1).

All the samples are from littoral environment. Thus, the two upsection grain size
decreases suggest episodic expansion and contraction of the catchment basin, resulting in
a longer transport distance with minor influence from depositional environment. The
decrease in matrix content in the middle part indicates a decrease in suspension load. The
upward increase in quartz content indicates an increasing compositional maturity. High

Ls content in the middle section suggest a sedimentary source from the rift shoulder.

6.2. SOUTHWESTERN TARLONG
In SW Tarlong, the samples are in the middle-upper part of the section. The
section starts with Petrofacies A; the middle two samples show Petrofacies B with a high

Ls content; the uppermost sample belongs to Petrofacies C. The matrix content is the
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lowest in the middle part. Grain size in the middle is the coarsest, while the upper and
lower parts are finer. Sorting is the worst in the middle part. The highest quartz content
and sedimentary lithic occur also in the middle part. Basaltic lithics decrease in the
middle part (Figure 6.2).

The low matrix content in the middle part indicates a low suspension load. Coarse
grain size in the middle is caused by the local sedimentary source. The high amount of
quartz content in the middle is caused by the increasing amount of felsic volcanic lithics.
The high Ls/Lv ratio in Petrofacies B suggests a local sedimentary source in the middle

part.

6.3. NORTHWESTERN TARLONG

In NW Tarlong, a simple trend composed only Petrofacies A is observed. Two
upsection decrease trends of matrix are observed. Grain size shows a general upsection
increase trend from fine to medium sand. Sorting gets better upsection in the lower part
from poorly sorted to moderately well sorted, and then maintains the moderately sorting
to upper section. Quartz content is high in the lower part with an exception of S7-44, then
a decrease trend upsection. Basaltic lithics are dominant in the section with minor
sedimentary lithics (Figure 6.3).

Two upward-decreasing trends of matrix indicate decrease of suspension load.
The upward-coarsening trend indicates the contraction of catchment basin, resulting in a
shorter transport distance. The relatively high quartz content in the lower part is caused
by a local felsic source, which is supported by the small decrease trend of the Lvb/Lv in

the lower part.

6.4. SOUTHERN TARLONG

In S Tarlong, only the uppermost part shows Petrofacies B, the rest of the section
shows Petrofacies A. The amount of matrix is the highest in the middle part. Grain size is
very fine sand in the middle part, while fine in the lower and upper parts. Sorting is the
best in the middle section, being moderately well sorted, while less well sorted in the

other parts, being moderately sorted. Roundness also is the best, as rounded, in the
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middle section. Quartz content varies between 1-3%. Ls shows a relatively low content in
the middle section (Figure 6.4).

The high matrix content in the middle section indicates a high suspension load.
The smallest grain size in the middle indicates expansion of catchment basin followed by
a contraction, resulting in a longer transport distance in the middle section. The variations
in quartz content indicate slight difference in compositional maturity difference, which
could have been caused by a slightly variation of source rock type between mafic and
felsic.

6.5. NORTHERN TARLONG

The N Tarlong section starts with Petrofacies B, and then changes to Petrofacies
A upsection. The amount of matrix is the lowest in the middle part. Grain size decreases
in the middle part to very fine sand from upper and lower medium sand. Sorting gets
slightly worse upsection from moderately well sorted to moderately sorted. Roundness is
subrounded through the section. Quartz content increases upsection from 0-2%.
Sedimentary lithics increase upsection with an exception of TR30 of Petrofacies B in the
lowermost section (Figure 6.5).

The low matrix content in the middle part indicates a low suspension load in the
middle part. Fine grain size in middle section indicates expansion of catchment basin
followed by a contraction, resulting in the longest transport distance in the middle LCG
LC. Increasing quartz content indicates increasing compositional maturity. The relatively

high content of Ls indicates the existence of a local sedimentary source.

6.6. ZHAOBISHAN

In Zhaobishan, the lower part varies between Petrofacies C and B; the middle part
is dominantly Petrofacies B; and the upper part varies between Petrofacies C and A.
Petrofacies A is the least common in all sections. Two upward-decreasing trends of
matrix are observed. Grain size shows a general fining-upward trend from fine to vert
fine sand. Slightly worse sorting is observed in the middle part. High quartz content
occurs in the lower and upper parts. Ls/L ratio is high in the middle part. Lvb/Lv varies

greatly from 95% to 60%, but overall shows an upsection decrease trend (Figure 6.6).
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The trend of matrix indicates episodic decrease of suspension load. Upsection
fining grain size trend indicates expansion of catchment basin, resulting in a longer
transport distance. The high quartz content in upper and lower sections suggests a local
felsic source, which is supported by the low Lvb/Lv percentage.

6.7. CORRELATION

In Taodonggou-Tarlong area, a general upward-coarsening trend is observed in N
Tarlong and NW Tarlong, and a general upward-fining trend is observed in S Tarlong,
Taodonggou, and SW Tarlong. In addition, a similar compositional trend and the
dominance of Petrofacies A in N and NW Tarolong indicate a similar depositional
history. S Tarlong and Taodonggou are also similar in grain composition trend,
suggesting a similar depositional history. SW Tarlong has the unique trend showing high
sedimentary lithics in the middle, indicating a local sedimentary source. The increase in
average grain size from Taodonggou, S and SW Tarlong to N and NW Tarlong indicates
progressively shorter transport distance. Decrease in average matrix amount from
Taodonggou, S Tarlong, SW Tarlong to N and NW Tarlong indicates a progressively
longer transport distance for the source area. This is apparently in conflict with the
interpretation from grain size trend. Possible reasons could be the different depositional
environments and complex source lithology. Sandstones from different depositional
environments experienced different total energy which will affect the amount of matrix
and grain size. In addition, different types of grains have varying resistance to weathering
and transport. Thus, the grain size may not be solely determined by transport distance.

In Zhaobishan, which is ~90 km from Tarlong-Taodonggou area, a unique trend is
observed. This indicates a different catchment system. Thus, it is very hard to correlate

the Zhaobishan section with the other sections. Attempt has not been made in this study.
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Figure 6.1. Stratigraphic variation in depositional environments, grain size, sorting, and

composition of the LCG sandstones in Taodonggou section.
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Figure 6.2. Stratigraphic variation in depositional environments, grain size, sorting, and

composition of the LCG sandstones in SW Tarlong section.
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Figure 6.3. Stratigraphic variation in depositional environments, grain size, sorting, and
composition of the LCG sandstones in NW Tarlong section.
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composition of the LCG sandstones in S Tarlong section.
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sandstones in Zhaobishan section.
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7. DISCUSSION

7.1. COMPLEXITY OF SOURCE

Provenance information is important to understand basin-filling history and
paleogeography, and can be inferred from petrographic data of sandstones. However,
multiple factors, provenance lithology, transport distance, depositional environments,
paleoclimate, and diagenesis, control the compositional and textural attributes and make
it hard to disentangle the effects of individual factors.

Textural properties are applied to differentiate same type of framework grains
from different sources. For the basaltic grains, it is widely distributed in the study area,
which makes it hard to tell the exact source areas only based on compositional properties.
Differences in grain size and roundness would be a good indicator to determiner transport
distance in order to differentiate sources from different areas. Of all the basaltic lithics,
30% are rounded-well rounded, and 70% are angular to subrounded. If all the grains are
divided by the limit (©=3) between fine and medium sand, 23% of the grains are finer
and 77% are coarser. This trend is consistent with the roundeness trend. Both
characteristics indicate ~25% of all the basaltic lithics are from distal source, while 75%
of them from a close source. The distant source could be northern Tian Shan based on
previous studies (Shao et al., 2001; Yang et al., 2010). Deep-sourced basalts are not
uncommon in a rift setting (Condie, 1997). Thus, the close source could be the exposure
of upper Carboniferous oceanic arc basement in rift shoulders, resulting in a short
transport distance (Obrist-Farner, 2015). Angular and zoned plagioclase would conform
with a local source from nearby volcanic fields.

Abundant sedimentary lithics in Petrofacies B are angular mud clasts in some
cases and occur commonly in the middle part of the SW Tarlong section. The angularity
of the grains supports a short transport distance. The source could be intrabasinal rip-up
clasts. The existence of the mud clasts is unique in SW Tarlong; and their absence in
other sections would indicate a local sedimentary source. Other types of sedimentary
lithics including mudrock lithics, chert, and shale lithics are also observed. These grains
show a more rounded shape, indicating a longer transport distance. Finally, these grains

are widely present in all the sections, suggesting a regional or background distribution
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trend. This source could also from the exposed sedimentary rocks in the uplifted rift
shoulders.

Petrofacies C is characterized by a relatively high felsic volcanic content but still
dominated by basaltic lithics, and is especially well developed in the Zhaobishan section.
Two possible sources are possible, one is the central Tian Shan containing felsic volcanic
lithics; the other local rift shoulder. Grain size and roundness trend would suggest both
sources contributed to the framework grains. 30% of all the intermediate-felsic grains are
smaller than fine sand size and rounded to well-rounded, indicating a long transport
distance. The other 70% suggest a shorter transport distance from local uplifted rift
shoulder.

Petrofacies A is dominant in sections in Tarlong-Taodonggou area. However,
Petrofaices B and C are better developed with minor Petrofacies A in Zhaobishan. This
suggests a different depositional history in the two areas. The Tarlong-Taodonggou area
is more controlled by sources from northern Tian Shan and local uplifted rift shoulders.
But in Zhaobishan, the source from northern Tian Shan is not dominant, changes in local
sources occurred more frequently.

Overall, the sediments sources are controlled by distant northern Tian Shan and
local uplifted rift shoulders with complex rock types. The regional source would only
account for 30%, whereas the local sources for 70% for all the framework grains. A local
sedimentary source was available for SW Tarlong in mid-upper LCG LC. The frequent
petrofacies changes in Zhaobishan suggest episodic introduction of local sedimentary and

felsic volcanic sources.

7.2. TECTONIC SETTING

Rift basins are not included in tectonic classification of sandstones by Dickinson
(1985; see also Dickinson and Suczek, 1979; Dickinson et al., 1983) because of the
diverse lithology exposed in rift shoulders that generate contrasting results of tectonic
settings (Ingersoll, 1990). The classification is based mainly on grain composition and
ignores texture. Lithic recycled orogen and undissected arc are the two contrasting
provenances interpreted from the ternary diagram. From the QmFLt ternary diagram,

mixed recycled orogen and magmatic arc are indicated. But in QpLvLs and QmPK
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diagrams, only magmatic arc provenance is significant. The diversity of lithologies
exposed in the rift shoulders would explain the different inferences. The coexistence of
sedimentary and volcanic rocks in the rift shoulders in the study areas would make the
composition of the sandstones more complicated, resulting in a signal of mixed

provenance.

7.3. COMPARISON BETWEEN TWO STUDY AREAS

Samples from two separate areas ~ 90 km apart may provide clues to regional
paleogeography. LCG sandstones were deposited in the greater Turpan-Junggar basin
during the early Permian. Relatively similar framework grain compositions suggest
similar provenance lithology, or even same source. In Tarlong-Taodonngou area,
Petrofacies A is dominant in all sections except for the local rip-up mud clasts in the SW
Tarlong. This is an indication of relatively stable and persistent source areas. This feature
suggests a similar depositional condition in the Tarlong-Taodonggou area. However, in
the Zhaobishan area, Petrofacies B and C dominate, which are characterized by a
relatively high sedimentary and felsic volcanic lithic content. Yang et al. (2010) argued
that the Permian greater Turpan-Junggar Basin was a rift basin composed of many
grabens and half-grabens. Thus, the difference may indicate that these two areas are in
two different grabens. The volcanic source from Tian Shan area supplied sediments to
both half grabens, but local exposed lithology in rift shoulders varies greatly. Correlations
between different grabens are extremely difficult in lacustrine environment due to the

high frequency of facies change both vertically and laterally.
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8. CONCLUSIONS

Field and petrographic study of fluvial-lacustrine sandstones of Lucaogou low-
order cycle in Tarlong-Taodonggou and Zhaobishan areas in the southern foothill of the
Bogda Mountains, NW China, documented compositional and textural maturities of 37
sandstones. Both vertical and lateral compositional changes indicate changes in
provenance lithology and transport distance. The diverse grain types, especially abundant
rock fragments, indicate complex sediment sources. Quartz, feldspar, rock fragments, and
accessory minerals are subdivided into detailed subcategories. Textural attributes include
grain size, roundness, and sorting. All these properties provide information on transport
distance.

Three petrofacies were defined based on the Ls/Lv and Lvb/Lvi percentages.
They are related to provenance lithology, transport distance, and depositional
environments.

Tectonic interpretation was made using ternary diagrams of grain composition.
Both recycled orogen and magmatic arc provenances were interpreted. The two
provenances suggest complexity of the lithology in low rift shoulders and regional
northern Tian Shan suture zone. The rounded and angular volcanic lithics indicate two
sources with different transport distances. One source is the Tian Shan area and the other
local uplifted rift shoulders. For sedimentary lithics, angular intrabasinal rip-up mud
clasts and more rounded sedimentary lithics coexist. Rift shoulders were also interpreted
as the source for the rounded sedimentary lithics. The distant volcanic source and local
rift shoulders both contributed to the sediments in the study area.

Vertical and lateral stratigraphic trends are delineated on the basis of depositional
environments, grain size, sorting, and compositional change. Provenance lithology
change, catchment basin evolution, and transport distance were compared vertically
within each section and laterally between different sections. A similar trend was observed
between different sections, indicating similar depositional history. Increasing textural

maturity from south to north in the Tarlong-Taodonggou area suggests a longer transport
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distance in the north. The highly variable trend in Zhaobishan indicates episodic sediment
influx from rift shoulders and/or a different catchment system from that of Taodonggou

and Tarlong.



APPENDIX A
N TARLONG SECTION
(Measured by Dr. Wan Yang and Colleagues in 2004, 2005, 2007, 2009, 2014. Further
inquiries should be directed Dr. Wan Yang at Missouri University of Science and
Technology)
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Legend

LITHOLOGY SEDIMENTARY TEXTURE AND STRUCTURE

Normal graded conglomerate or sandstone
b}_ Soil slickensides
Reverse graded conglomerate or sandstone
U& Tlluviated muddy sediments
Clast-supported conglomerate

A\ E,—/g\ﬁﬁ Root mold, silicified/calcified stumps or branches

Matrix-supported conglomerate
§ ggg Calcareous claystone and sandstone & Petrified wood

Sandstone nodules, commonly root mottled
Well-bedded sandstone gg Rhizoconcretion or calcitic nodules
Well-laminated sandstone @  Limonitic clayey soil pisoid

VvV~ Mud cracks
Cross-bedded sandstone

- 3 =uiud chips, rip-up clast
Conglomeratic sandstone ud chips, rip-up clasts

Pisoids
! d
Calcareous sandstone ®s®  Ooids and superficial coids
Muddy sandstone 2% Invertebrate bone fossils

Interbedded sandstone and shale/siltstone ) Trace fossils

Shale -_-%EE Plants and plant debris  Plant remains and fragments, carbonaceous laminae
Silty shale Fish or fish scale fossils
Shell fragments

Calcareous shale or mudstone '
Burrows, mottling structure

Dolostone
Shale, dolomitic. ‘
Erosional surface

(o4
12/
:ssy Planar, tabular, and/or trough x-bedding
Y,V Vg
Mudstone Rean

Internal erosional surface

Conglomeratic mudstone Ripple and climbing ripple laminations

Calcrete or altered palustrine limestone Hummocky cross stratification (HCS)

Paleosol M Contorted bedding
= .
Limestone with shale partings 72=2% Cryptalgal lamination
Limestone AN Symmetrical ripple marks
Arenaceous limestone g Vesicles filled with calcite
or other minerals
Argillaceous limestone 2000 Normal graded bedding

7555 Reverse graded bedding
Oolitic packstone/grainstone

Pyroclastic breccia @ Algal coated pisoid and
oncoid
Extrusive igneous rocks
Modern salt accumulation /\ Microfaults
Intrusive igneous rocks
Dissolution cavities/vugs
| Pillow basalt g g

Mafic porph:
porpavry Extenisve brecciation structure

Felsic porphyry
LA - Lithic arenite
LSA - Lithic subrenite
Tuffaceous sandstone LW - Lithic wacke
CRL - Climbing ripple laminations

Breccia

Tuffaceous shale ——High-order cycle boundary

Oolitic sandstone —— | ow-order cycle boundary

4 Gypsiferous sandstone

Lst xx Cycle number
Bedded halite
trxx
1 S7-xx
Bedded gypsum TDxx Sample
% Gypsum and shale sz14-xx

interlaminite
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m, very cal-

Sandstone, greenish gray, well laminated thin beds.
Mudstone, gray, blocky with angular, <1 cm peds.
Shale, black, fissile, extremely rich in plant remains, few ostracod or

Shale, black, fissile. Silty toward the top.
Sandstone and shale interbeds, partially covered.

Wackestone, blackish gray, with dolomitic shale partings (mm). Altered.
chonchostracod(?).

Shale, black, fissile, abundant fish scales.
Sandstone, gray, well bedded and laminated.

Sandstone (or arenaceous limestone), yellowish gray, dense, f-

careous, well rounded, mottled.
Wackestone, dark gray, peloidal, arenaceous with medium

Shale, black, fissile, dolomitic. Lower contact gradational.
sand grains.

Mudstone, blackish gray, blocky.
Mudstone, blackish gray, silty, blocky.

Sandstone, gray.

3.74
372

¥ 3.73
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o
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3.6.28

3.6.27
=~

3.6.26

Wackestone, arenaceous or calcareous sandstone, m, lithic, well
rounded.

Shale, black, fissile.
Sandstone, partially covered.

Packstone, black, peloidal, common sub-cm mud chips, increasing
toward top, angular, probably derived from reworking of black shale.
Wavy bedding, lenticular.

Shale, black, fissile.

Mudstone, silty, blocky.

Shale, black, fissile.

Sandstone, gray, lithic wacke, f. (Cycle type 1: Black shale -> sandstone --> black
shale > limestone; or Cycle type 2: Black shale --> Sandstone (deepening,
fresher); cycle type 3: Black shale --> Limestone (more restricted, more arid as
indicated by the mud chips in limestone, shallowing). The cycles in Tarlong are
largely under the condition of underfilling). With occasional balanced or overfilled
condition).

Shale, black, fissile. Dolomitic (?).

Ly Limestone, arenaceous, wavy, discontinuous but persistent, common

3.6.25

3.6.23

black shale chips. Highly altered. Varies from 0-10 em thick.
Shale, black, fissile.

Sandstone, f, thin beds, well laminated. Local scouring surfaces 50 cm wide,
30 cm deep (see Lin's photo). A storm bed.

Shale, black, delomitic (?).
Micrite, blackish gray, highly altered.

Shale, black, fissile.
Sandstone, lithic arenite to sub-arenite, c-vc.

Shale, black, fissile. Dolomitic (7).

Shale, black, fissile.

Sandstone, f-vf. Transgressive.

Shale, black, dolomitic, fissile, sub-mm
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Shale, black, fissile.

Sandstone, light gray, upper part contains two 3-cm thick black fissile shale beds. Transgressive.

Shale, black, fissile, with silistone and silty shale laminae, and highly calcareous light gray quartz sandstone laminae, as storm
or eolian (?) deposits. Dolomitic (?).

Mudstone, blocky, laterally change to silty mudstone and locally siltstone. Shallow, stagnant lake.
Shale, black, fissile. Dolomitic (?).

Mudstone, dark gray, blocky.

Sandstone, gray.

3.6.20

Mudstone, dark gray, silty, blocky, moderately calcareous, burrowed/bicturbated structures filled with wacke. May contain thin
black shale.

Sandstone, lithic wacke, gray, f-m, thin (<1 ¢cm) beds, well laminated. One 3-cm thick black shale in the middle. Possible climb-
ing ripple laminations.

3.6.19

3.6.18

36.17 Shale, black, fissile. Dolomitic (?).

Shale, black, fissile. Dolomitic (?).

Packstone, interbedded with 3 black shale beds (cms thick). Highly altered/recrystallized; pockets of silty and clayey materi-
als, black, due to burrowing or meteoric alteration. Sharp lower contact

Shale, black, fissile. Non-dolomitic.

Sandstone, yellowish gray, c-ve, lithic wacke, few granule clasts, very calcareous, contains a 3-cm thick black shale layer. Very
thin beds (<1 cm), well laminated. The origin of sandstone is a key; it may represent lake-level high and/or oxidized conditions.
Sharp lower and upper contacts

Svackestone/micrite, highly altered, abundant sub-cm black shale chips. Wavy beds.
Shale, black, fissile. Non-dolomitic.

3.6.16 Sandstone, gray, m, non-calcareous.

PR
3.6.15

Shale, black, fissile. Dolomitic (?).

LYlicrite, dark gray, highly altered, some sub-cm black shale chips, indicating occasional agitation by storms (?).

Sandstone, gray, f, well sorted, well-bedded and ripple laminated.

Shale, black, fissile. Dolomitic (?).
Packstone/wackestone, peloidal, bituminous, highly altered, wavy. 3-4 black shale partings.

Sandstone, gray, f, poorly-cemented.

LS
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3.6.13

3.6.12

3.6.11

3.6.10

3.69
3.6.8

3.6.7

3.6.6
3.6.5

364

Sandstone, blackish gray, f, well bedded.

Shale, black, fissile. Dolomitic (?).

Micrite or highly altered/recrystallized limestone, intercalated with 3 black shale partings (~0.5 cm thick each), bituminous.
Alternating shale and limestene indicates chemical changes are the main cause of cyclicity, not lake-level changes

Shale, black, fissile.

Sandstone, gray, f-m, lithic, well laminated thin beds.

Shale, black, fissile. Dolomitic (7).

Sandstone, gray. Transgressive.

Shale, black, fissile. Delomitic (?).

Micrite, blackish gray, bituminous (?), upper part grades into black fissile, calcareous shale/dolomite (?).
Shale, black, fissile.

Sandstone, f-m, well-laminated. Intercalated with 4 layers of thin (2-5 cm) black fissile shale. Transgressive.

Mudstone, blocky, partially covered.

Sandstone, gray, highly calcareous, tabular, laterally persistent (limestone equivalent?).

Shale, black, fissile, upper part silty with ripple lamination.
Sandstone, gray, f-m, friable due to modern alteration.
Shale, black, fissile, mm-laminated.

Sandstone, gray, well laminated. Transgressive.
Micrite, lithic and argillaceous, blackish gray, highly altered (modern and ancient). Or argillaceous peloidal micritic mudstone.
Shale, black, fissile, mm-laminated.

Sandstone, gray-green, f-m, well laminated. Transgressive.
Mudstone, dark gray, blocky.

Sandstone, gray, locally conglomeratic with <5% clasts, calcareous. Climbing ripple laminated. (Limestone equivalent in this cycle).

Shale, black, fissile. Upper surface sharp, slightly erosional.
Mudstone, blackish gray, blocky.

Sandstone, f-m, well laminated thin (cm) beds. Transgressive.
Mudstone, blackish gray, blocky.

89



TR &
ot sl s
iy |
it g

|
|
L
|
|
|
|
it

Shale, black, fissile, mm-laminated.

icrite with s ings, or argill u estone, s ver lhl (~3 cm) by ub-| mm\ minateq. Shale partin s

l( f\ssﬁe ’E‘on{\’a ucus and sge v ase al arp \ \d notes or d\f? rent Cyce classi \cat’,\]on 5%?1 (a

swl\ucfasilcs-rarbonale couplet vs. subaerlal-s baqueous ooupe
Sandstone, brownish gray, f, climbing ripple laminated.
Mudsteone, silty, and siltstone, blocky. .
Sandstone, m-c, well bedded, thin (~1 cm) beds, persistent.
Shale, silty, and siltstone, blocky, angular peds ~1 cm in size. No evidence of bioturbation. Sharp upper surface. Balanced fill, fluctuating profundal (?)
Packstone to wackestone, arenaceous/lithic, dark gray, single bed, wavy base and top. Lenticular, discontinuous, but persistent.
Shale, black, mm-laminated, fissile to blocky. Shallow lacustrine deposit.
Shale, silty, black, blocky, dense, angular peds 1-2 cm in size, moderately calcareous. Gleyed paleosol.
Sandstone, whitish gray, f, lithic with some quartz grains, calcareous, lower part tabular x-bedded, upper part climbing ripple lami-
nated. Lower contact sharp. Lake shore sand flat deposit.

Sandstone, greenish gray. Several fining-upward units from basal conglomeratic sandstone (with 5% clasts) to m sandstone. Well
bedded and laminated thin (<5 cm) beds. Uppermost 50 cm is very calcareous, f sandstone, increased quartz content, blocky with
carbonaceous partings. Delta plain or flood plain

o 3.6.1: climato-

tectono-1C
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Conglomeratic sandstone, and sandstone, greenish gray. Lithic wacke to
subarenite, m-c, moderately to poorly sorted, calcareous, clasts rounded.
Large low-angle tabular x-bedded. Overall fining upward from c-vc to m.
Coarse-grained meandering stream or delta front deposit.

..;
s o laiaalay

Conglomerate and conglomeratic sandstone (with 30% clasts), clast-supported. Clasts of volcanic, sedimen-

tary, and soil nodules, up to 10 cm in diameter, parallel to bedding. Basal surface erosional with a channel
form, contorted; upper surface gradational. Base of a distributary channel. Beginning of another deltaic pro-

69



gradational episodé.

Sandstone, siltstone, and silty shale interbeds, greenish gray to brownish gray. Sandstone f-vf, moderately to
poorly sorted. Thin (cms), well bedded. Mud cracked surface found in rubbles. Laterally persistent. Common
irregular to tabular, subvertical cm-10 cm calcitic soil nodules although beddings are largely preserved, indicat-
ing slight to moderate pedogenesis. Upper delta plain deposits. Complete a fining-upward succession.

Sandstone, greenish gray, lithic, some quartz and feldspar, m-c-vc, conglomeratic
(<5%, <1 cm clast size), large low-angle tabular x-beds of multiple directions; low-
angle contacts between sets of x-beds. Locally distorted beddings. Overall fining
upward from c-vc to f. Basal erosional contact with a 20-cm relief (see Lin's photo),
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[ upper contact sharp. Middle part of a CMB.
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Conglomerate, gray, clast-supported. Clasts volcanic, limestone, sandstone, and shale,
rounded, up to 10 cm, parallel to bedding, slightly upward-coarsening at base but overall fin-
ing upward from clasts of ~10 cm to ~2 ecm. Channel geometry, ~20 m along dip and ~50 m
along strike (exposed) (see Lin's photo). Eroding into lower siltstone and silty shale. Thick-
ness varies from 0-1.5 m. Initial CMB. Beginning of another progradational cycle. Or a fluvial
channel lag deposit.

Sandstone, siltstone, silty shale, thin and well bedded, thick laminated, upper part eroded. Completes a fin-
ing-upward succession with the underlying CMB.

Sandstone and conglomeratic sandstone, greenish gray. Each unit is 10s cm thick, composed
of a basal conglomeratic sandstone with a basal scour surface, overlain by f-m sandstone; indi-
vidual units are normal graded. Off center of CMB (another episode/cycle of deltaic

progradation).

Sandstone, siltstone, silty shale, greenish gray. Sandstone is fine-grained. Thin
(cms), well bedded, and thick laminated; very calcareous, mud chips common.
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------ & Sharb to gradationél basal contact. Delta pla-in or flood pléin. Combletes a fining-
E = upward succession with the underlying CMB.

Sandstone, conglomeratic, c-vc, well round (up to 5 cm in diameter) clasts. Low-
= angle tabular and trough x-bedded. Units of fining-upward 10s cm thick. Abundant
internal erosional surface.

(%]
=

(48]
Lo~

Conglomerate, gray, clast-supported, clasts are limestone, sandstone, and volcanic,
rounded to subrounded, up to 10 cm in size, slightly reverse graded, large tabular and
> trough x-beds. Overall fining upward from conglomerate to conglomeratic sandstone.
Locally capped by an internal erosional surface. Lower contact a concave-upward
>>>>>;.eros;ional surface. Laterally change to conglomeratic sandstone. Basal channel mouth
bar deposits.

(93]
L

(%]
=

SRR Sandstone, gray, very well bedded (2-20 cm thick beds), thickening upward. Individual

= M coarsening-upward units from basal siltstone/vf sandstone to ¢ sandstone with granule
clasts. Each unit 30-40 cm thick. fine-grained sandstone mm-laminated, c-m sand-
stone plane bedded, low-angle tabular x-bedded, with some convoluted beds and
some shallow scour-fill structures. Distal to proximal delta front deposits. Over-filled
lake cycle.

[43]
L=

=

3.5.1: climate
tectono-1C

ol o e b L Ll b by g L L L

Micrite to wackestone, blackish gray, silty, bituminous, argillaceous, 0-10 cm thick, wavy bedded, laminated, dolomitic (7).

Shale, black, well laminated, weathered platy, calcareous. Lower part a 3-cm thick discontinuous bituminous, sub-mm laminated
34.11 gray micrite (dolomitic?).

Sandstone, gray, lithic, with some quartz and feldspar, calcareous, thin (cm) beds, f at lower part, c-vc at top. Upper part bioturbated.
Shale, black, laminated

- Y- - Y Y "

Sandstone, gray, f, well laminated.
Limestone, gray, single bed, altered. Probably palustrine carbonate.

Shale, black, fissile, upper part dominantly lenticular to tabular f-vf sandstone, interca-
lated with black fissile shale, laterally persistent, calcite-cemented.

19
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Sandstone, gray, f-m, lithic, well sorted, 1-2 beds are calcareous. Well climbing ripple x-bedded throughout. Upper part calcite-
cemented. Lower 30 cm fining upward from ¢-vc sandstone to f-vf sandstone. Low-energy littoral shore deposits, replacing car-
bonate. Alternatively, this is the fransgressive deposit. Sharp top contact.

Shale, black, platy, slightly silty, sharp basal and top contacts. Littoral mud flat.
Micrite, locally skeletal packstone, black, micro-laminated, argillacecus, wavy top and basal surfaces.

Shale, black to dark gray, fissile to platy, slightly calcareous. 1-2 layers of argilla-
ceous micrite (~2 cm thick). Upper part abundant disseminated plant debris.

Wackestone/mudstone, black to blackish gray, arenaceous, peloidal, wavy, irregular
algal lamination, some low-relief stramatolite (~1 cm high, ~5 cm wide).

Shale, black, bum-mm laminated, weathered platy, slightly calcareous. Few thin (~2
cm) of slightly arenaceous bioturbated wackestone. Some fish scales. Profundal lake
deposit.

Micrite, argillaceous, algal laminated/stramatolitic (see pTR33, 34). Cone-in-cone structures. Wavy top and basal surfaces.
Whole fish fossils. Lenticular, discontinuous, but persistent, 0-20 cm thick.

Shale, black, sub-mm laminated, weathered platy, slightly calcareous. Few thin (~2 cm) of slighly arenaceous bicturbated
wackestone. Some fish scales. Profundal lake deposit.

Sandstone, gray, f-m, very calcareous, lenticular (0-10 cm thick), upper and lower contacts low-relief erosional.

3.4.1: climzeene possible shell fragments. Early-transgressive reworked littoral shore deposits.

29
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early transgressive deposits of a new cycle.

Sandstone, gray, f-m, rare fine pebbles, well bedded, thin (<5 cm). Plant debris locally

concentrated in some beds, and scattered throughout. Small-scale tabular x-beds.

Upper channel mouth bar and lake shore sand flat/lower delta plain.

Sandstone, conglomeratic, and thin lenses of conglomerate. Sandstone, m-c, well
sorted, lithic arenite with some quartz, plane beds, normal graded beds, and low-
angle tabular x-beds, some internal erosional surfaces. Local convoluted beds. Non-
calcareous. Clasts well rounded, pebbles parallel to bedding. Upper contact sharp.
Channel mouth bar deposits.

Siltstone and sandstone, well laminated, slightly calcareous, rare pebble and plant

debris. Coarsening upward from siltstone to f-vf sandstone. Lenses of calcite-

cemented sandstone. Some mud chips. Distal delta front deposits. Basal contact

¥ gradational, upper contact sharp.

¥

. Shale, black, thick to moderately thick laminated, blocky to platy, non-calcareous, persistent. Prodeltaic.
3.3.1: climato-

t t Igf_ﬂ%@ﬂmm“ﬁatera”y changes into calcareous siltstone, and to fine sandstone. Clasts fine pebhle, clast-supported.
= e(}.ﬂ?no_;l apping the underlying progradational package . Thickness varies from 3-10 cm. Transgressive lag.
IR 2 beds of sandstone and limestone intercalated with calcareous shale. Lower bed, sandstone, m, very calcareous, welHlaminated, fossiliferous, ~10
TRP LaraarL | 9 cm thick. Upper bed, peloidal with shell Relatively cor clasts (4 ¢m max.) on top surfaces and throughout the inter-
1b 1 T 1 I 1 I 1 I 1 T 1 I ————yal. High-energy shallow lttoral.
LI T T 4 beds of packstone to wackestone with shale interbeds (each 20-30 cm thick),

forming a set of northward prograding clinoforms. Lower limestones arenaceous,

A% upper ones pure, gray, wackestone. Shale and silty shale similar to below but con-
tain calcareous fine-grained sandstone laminae. On the top surface of shale and
limestones, limestone nodules are algal-laminated to form stromatolites (see
photo).

32 14_1§alanced-ﬁll deposits.

9 3 beds of arenaceous packstone to grainstone, gray, each ~30 em thick, common shell frag-

ments, sparse granule to pebble-size clasts, beds are graded, plane bedded, or low-angle x-

€9
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ale and silty shale interbeds, dark gray to light brown, 20-40 cm thick, very calcareous, well
laminated, abundant shell and fossil fragments.
High-energy shallow littoral with periedic deepening.

4 beds forming a set of northward (after correction of structural tilting) prograding clinoforms. Basal bed, ~20 ¢cm, very calcareous

. m, lower part with fossil molds parallel to bedding, interbedded with dark gray-black, fissile, fossiiferous shale. 2nd bed
Aopypere fossiliferous with skeletal grains, and less sandy. 3rd and 4th beds arenaceous packstone/grainstone, gray, beds 20-30 em
m, wedge shaped. Granule to pebble-size sedimentary clasts sparsely throughout. Wavy (algal) to parallel laminated, some tabu-

9 lar x-beds. This is the northward lateral progradational zone very well presented in the distance. Progradational lake shoreface clino-

;ggs,
32.7-12

. brownish gray, 1s, some clasts, clayey/silty matrix supported fossil debris.
9 Sandstone, conglomeratic, m-c, clasts are fossil debris, which increases upward. A lag deposit.

et ot
il ol aed

I

Siltstone, with 3 persistent beds of f sandstone (each ~5 cm), gray, v. calcareous, well laminated. Upper most sandstone is x-
laminated. Middle sandstone and siltstone (~20 cm thick, and ~20 cm from the top) have abundant limonite nodules, ~1 mm in
size, as oxidized pyrite (?), mottled with relict laminations. Lower sandstone is medium-grained, climbing ripple laminated, some
quartz, feldspathic, symmetrical ripple marks and scattered shell fragments throughout. Lower boundary is sharp and upper
boundary is gradational. Shallow littoral.

Limestone, intercalated with shale partings, packstone/grainstone, dark blackish gray, mm-sub-
mm laminated. Laminae is wrinkly/algal, Each limestene bed is 5-10 cm.

Shale, black to blackish greenish gray, fissile to thinly laminated. No fossils
3.2.5  seen, calcareous. Alimestone in the middle, packstone, black, fossiliferous,
smell of crude oil, organic rich. The first appearance of a stratified lake.

fa

o7

it . 324
| |ERRSH &y Micrite or peloidal wackestone, gray, abundant 1 cm or less mud chips. Lake shore deposit.

—%r @andsione, green, f-m, abundant shell fragments and clasts, crudely thin bedded, mottled.
TT3.2.3 Micrite, peloidal, sparse shell fragments. Uppermost part intraclastic

T packstone/grainstone. Upper surface irregular and knobby, with ~15 cm relief, inter-
laminated with black fissile shale between knobs, maybe of an algal/stromatolite ori-

gin.

e i,
bt it

Shale, greenish gray, slightly calcareous, platy, no fossils seen.

=4

322 _D_

Micrite, brownish purple, no fossils seen, a single bed.

TiR24p

¥l s
sk thdfeerl
s hriceda
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Shale, platy, greenish gray, pure, well laminated, non-calcareous, no fossils seen.
Lower part abundant sideritic nodules.

TRp2
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W 42.1: cli- Sandstone, conglomeratic, greenish gray, single massive bed, irregular to ero-
[ =" m sional lower surface, flat upper surface. Clasts granule to fine pebble size, chert,
' ata mate volcanic, and sedimentary (see sample). Sideritic nodules concentrated on the

L _':'_ tectono-1C upper surface. Thickness varies from 30 to 70 cm.

Calcrete, tabular, very persistent, laterally change to a nodular zone, densely

Lower part, granule to fine pebble conglomerate, 30-40 cm thick. Upper part, c-
m sandstone, dark purple to grayish green, tabular x-bedded. Capped by a thin,
persistent, reddish or purplish gray calcrete.

gl

o]

Conglomerate, cc atic sandstone, , dark greenish gray.
Clasts up to 5 cm, rounded. Capped by a 10-15 cm persistent calcrete. The first
appearance of greenish gray sandstones at the top of Daheyan Fm. or base of
Tarlong Fm.

iy

[N ] (1 | IpTH 31:,:. LS : packed, with irregular, crudely subvertical nodules.
Wt it gty 1) | Il Jaa e "a] Sandstone, conglomeratic, dark green, no bedding, moderately to very calcare-
ol obsted el 1Q1] | | | 4.;}' St '.;}' ous, clasts granule. Soil peds mm-size, well rounded, interpreted as a well
Tl aseuineipbhned il 11 | Je s u « developed A Horizon.
it mmm‘ | I :g gg g g gg LTI Conglomerate, gray to dark greenish gray, clasts mainly fine pebble size, up to
e oukeboesmhe TR TT] OB —frn ot o o o 10 cm, clayey, locally semi-clast-supported (due to clay accumulation by
NEE IEN | | N pedogenesis?). Pebbles include volcanic clasts and many soil nodules derived
‘ I | I Ty from below. Capped by a tabular calcrete ~10 cm thick. Basal contact sharp to
T erosional.
| " | I DD Do 0
T el
| | | | PP B el el e i
\ | Il T Sy
| | il oooood
‘ | T BRoeecod
| | Ll Eapeletebalels
| | N oD
o Qe Zei2n iy
| | Ll I 4.1.10
: Conglomerate and conglomeratic sandstone, dark greenish gray, clasts granule
! ! I g 9 g gray. el
= to fine pebble, low-angle x-bedded. Very well-developed calcrete at top, varie-
| 1N (K | oreke
11 | | o — gated of gray, blue, purple, and red, laterally continuous, 40-50 cm thick. Both
b sandstone and calcrete are slickensided (pTR32).
| | Il Hmt "
| I i
| I
| Il
| Il
] |
| Il
| Il
| Il
| Il
| Il

|

f-———2

99



i i i i i i i i i i i i i i i i i | i i i sandstone in the upper'partAverywelldeveloped, 30-cm thick, continuous
b kbbb el tabular nodular calcrete in the top. A most mature, major paleosol horizon.
A ey et ok 11 (01 |
EEE BRI IR LRI Sandstone, conglomeratic, dark greenish gray. Capped by a 10-cm tabular cal-
RN IREEIE EER LR crete, and a less continuous layer in the upper part. A basal pebble conglomer-
ate lens. Upper contact sharp to slightly erosional. Lake shore deposit.

FEEPE Tty g
R U lql A Hi Conglomeratic sandstone and sandstone similar to below, granule clasts domi-
Shcibgedifbtoine e 141 ( 1 A1 (41 LR 1]1 QIR nant. Capped by 2 layers of calcrete ~50 cm thick. Erosional top contact. Slight-
datibd dine dcauﬁdhlhﬁll 11N NI INE UIN U N ly upward fining trend. Lake shore deposit.
ek s iteirs il 11 1 1 L]0 1 QY0 QIQE
iyt U A N
FEEEE TPt g
R L L U D IR LN
Wiiuﬂq‘i BRI I EEYE LN Conglomeratic sandstone and dark gray sandstone sequence similar to below.
CWQSMW* Capped by one layer (~20 cm) of reddish purple to gray calcrete. Sharp, slightly
A FET I egty g erosional top contact. Lakeshore deposit.
sl IR NI (IR IBR IR LR
G TR I 1 I [ TR O
W (IR IOT (1 A R T
et LI I8 N O N DN
ko) TR (1 1 (1 O 1 A :
‘W'Ff”l"“ﬂ\l\l\II\HHIII\I\ i
Riact ' AR I (1 O ATE I 1IN 0 (N ]
[N L L L I I P = : P P

i Conglomeratic sandstone in the lower part and sandstone in upper part, clasts
(I [y I (A I A YR U B up to 5 cm, granule dominant. Large low-angle tabular x-beds throughout, form-
e BRI IEIEE IR B ing x-bed sets at low-angle contacts. Capped by two layers of discontinuous
R BN NELE PP — calcrete of total 40 cm. Basal and top surfaces sharp to slightly erosional. A
BRI BRIE IR AR IR IE 7 crude upward-fining succession. A lakeshore deposit.
RN I (e R -
RN I RN ~
N I Rl 1
() IR ] (1 an It I AN 1 ]
NI MY ] (AR ANY RN UN 0N e
(R L] (1 A B
R I R i )

onglomerate, conglomeratic sandstone, and sandstone.

CErpe e ey - Conglomerate, conglomeratic sandstone, and sandst

B &) Lower part (50 cm), conglomerate and conglomeratic sandstones similar to
N I (e RN 1 s those below.
EER IEEIE I NI IE LN ko Middle part, conglomeratic sandstone, planar to large low-angle tabular x-beds.
R IEEE I E RN ‘p g Upper part, lithic arenite, m-c, moderately sorted, rounded, well bedded, thin
JREY B8 — an laminae (1-2 cm) forming sets of low-angle tabular x-beds, which are in low-
Sl SRL I (1A I R AN I I g angle sharp contacts. The structure suggests probably wave reworking.
Mﬁfiﬂﬁqli ﬂqfﬁqlﬁ‘ﬁu\ 1IN NI IRE 1IN 1IN o This cycle is capped by a layer of discontinuous tabular calcrete.
il St T (1 U (0 (R T L A ,3 =
st | 40 ) fofr g . g
o g M‘”“#S"W”'\ I IR UL i 5
s wadecd (N 1N (T 1IN Y Y O g
Gt I I (1R A E o~
FEERE I grrge g g ]
[ RN N (1N (R R b 6]
(N R N (1 e (N R U 4 4.1.1:
[ It 1] ]} H
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APPENDIX B
NW TARLONG SECTION



NW Tarlong LCG Section

Alluvialr
highiand

Tectonics
:

)
£

Spil point
lowering

Southern end of the section. Covered by Quaternary alluvium.

T|' N — Shale, black, profundal.
— l LAASA, yellowish gray, m, very well sorted, thick laminated. Persistent. Transgressive. .
] ale, black, adense, 1ish scales seen, slowly calcareous, large plates, very well laminated. Structurally disturbed.
g7 1] Shale, black, d fish scal lowly cal I lat Il ted. Structurally disturbed
HST/ ST :_{_5 (0%
i
[ = .
b Wackestone (30), dark gray, structurally disturbed.
L i,
[ 1] 06 i Shale, black, blackish gray, rich in plant remains, heterogeneous, upward to interlaminated cal-
| e careous, clayey, and organic rich laminae. Gradational top. Deep profundal.
[l —
[l T— %
L o — )

LWI/LSA, grayish yellow, well thick laminated., moderately well sorted, m-c. Laterally persistent. Gradational top.
Shale, dark gray, pure, upward to silty, upper part has interlaminated c siltstone/vf sandstone,

and silty shale, mm to sub-mm laminated. Overall upward siltier and sandier. Common to
abundant plant remains. Sharp/gradational top.

LW, yellow, m-vc, moderately to moderately well sorted, no clear grain size trend, well thick laminated, subangular to rounded.
Sharp top. Transgressive lag or delta front.

Black shale in basal 3 cm, interbedded and interlaminated dolomitic limestone, dolomitic shale, and dolo-
mite in overlying 30 cm, sparse plant remains, wackestone, muddy to mudstone. Upper part, dolomitic shale,
very well laminated with cm thick dolomite beds and lenses. Sharp top.

]

LWI/LSA, grayish yellowish brown, coarsening upward from f, f/m, to c/vc, moderately to moder-
& ately well sorted, better upward. Local cm-mm size shale clasts and limestone clasts.

=
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Shale, pure, upward to silty, black, thick laminated, sparse fish scales, common plant remains. Sharp/gradational top. Prodeltaic or

- &2 -~ bay fill.
stone (15)/micrite, dark gray in lower 10 cm. Upper 10 cm, arenaceous packstone/grainstone, or calcareous LA, very
well sorted, ¢, subrounded to rounded, of high energy. Sharp toj

, ] top.
- honcalcareous, black, very well Iamlr?ated, some plarrqt repmalns. Sharp top. Deep profundal,
A coarsening upward succession from silty shale and siltstone (in basal 20 cm), upward to f/m, to c/vc
LSA, better sorted upward. Sharp top.

Below this bed, about the fault plane is a dolomitic shale of the underlying missing cycle.

x| x=
e | E L
i o e

=
oy
4‘_|,44444

e

d{

Tha e, dolomitic and dolomite laminae (<1 cm thick). The top is a fault surface, see p8-13, with unknown cycles/sections missing. Proba-
bly a normal fault.

Limestone rc1ie=1rk ray, finely laminated, micritic, silty and argillaceous. Probably dolomitic. Altered, cone-in-cone structure of cm scale
§%r2f2°é‘én$< garg]y Bpward to black, lower part, plant remains rich, pure to silty. Upper part, calcareous. Very well laminated. Sharp top.

—
-
=
—

—_——Ft+———=

A coarsening upward succession from silty shale, to siltstone, to f/m LW/LSA (5 cm thick at top).
Shale dominates. Sharp top.

53 LA/LSA, c/vc, abundant blackened limestone clasts, grayish yellow, moderately well to well sorted, common plant

8

3
¥

HTRIN

24

©

NN

i

remains/fragments. Sharp top. 2 cm thick. Transgressive Ia%.
Shale, black, dense, large and thin plates, slowly calcareous, rich in fossil debris. Dolomitic. Common features of dolomitic shale
throughout LCG include’ dense, large and thin plates, weathered brownish gray, slowly calcareous.

ETaT=T= ©X Limestone, micritic, sparse plant remains, abundant fish fragments on bedding plane, mm-sub-mm very well laminated.

inae. Sl

Shallg,tgﬁfc ,msit‘.le-dm%qg%tﬁew' Ig%%rglté%mgﬂt% %gwgt%ﬁgﬁtsc%ﬁlga?er%gI.chpcg]elt? cm |ntengrrﬁi|!%iéd with dolomitic shale. Sharp top.

=2
%

timestone, dark gray, interlaminae of micrite, dolomite, argillaceous and organic rich, mm to sub-mm laminate in lower

(&34
part. Micrite in ulﬁaerpart. Well bedded, abundant fish (large 1-10 cm) fossils in lower part on bedding plane. Sharp top.

2 2 2

- black, very well laminated, heterogeneous. Sharp top. . .
A coarsening upward succession from silty shale, siltstone, vf LW in lower 1/5, to LW/LSA from

f/m to mivc in the upper part. Delta front.

Shale, black, noncalcareous. Heterogeneous. Sharp top. Deep littoral.

Ty

A coarsening upward succession from siltstone, vf LW to m/c LW, moderately to moderately well
sorted. Some limestone clasts.

________|___________,|___________|____

) et L

sz

A coarsening upward succession from lower silty shale, f/m LW to upper m/c LW/LSA, moder-
ately well to well sorted. Common plant remains.

LA, green to grayish green, f-Im, very well sorted, subrounded to rounded. Sharp top. Transgressive

gﬁa e, L]Igcrﬁ'very well mm laminated, heterogeneous. L'._Itppermost 5 cm may be slightly dolomitic. Sharp top. Deep profundal.
This cycle lacks limestone and dolomite in the upper part.
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: A coarsening upward succession of shale and sandstone. Lower 1/4, shale, silty, plant reTnains
= ¢ rich, intercalated with c siltstone and vf-m LW. Upper 3/4, coarsening upward from f, to m to m/c.
= Moderately to moderately well sorted, better upward, angular (limestone clasts) to rounded.

2 Sharp top.

Shale, black, grayish black, very well sub-mm to mm laminated, fossil debris rich, variably cal-
) careous and dolomitic. Highly folded intervals, but thickness should be right. Sharp top.

Same cycles. Lower cycle |s
incomplete due to faulting,|and
should be removed.

Wackestone (30), dark grar, very well mm laminated, well bedded. ) ) )
Shale, black, silty, very well laminated, rich in plant remains and fossil debris. 5 cm thick. Deep to littoral profundal. A

12/

_—#ﬁa t at base’of 2-3-m apparent dip slip.
74 —— LW, greenish gray, f-m, crudely coarsening uf:ward, intercalated with silty shale laminae, mod sorted. Common pl

_,q‘-'_FEmalns, some blackened Imst clasts. Littoral.
5 9 Dolomite and dolomitic shale, very well laminated, fossil debris and plant remains common. Sharp top.

Shale, black, blackish gray, sub-mm to mm laminated, fossil debris rich. Upward increasingly dolomitic.
Sharp top.

Wackestone and packstone, peloidal, interlaminations, well laminated. Variable thickness 10-40 cm, but not moundy. Silty or

argillaceous. Intercalated with shale and dolomitic shale. Limestone in places probably dolomitic. Some plant remains and dead

oil, as in all limestones. L . . . i
Shale, black, basal part rich in plant remains, decreasing upward. Top part, dolomitic, middle

part, heterogeneous. Gradational top. Deep profundal.

A coarsening upward succession. Lower 2/3, interbeds of sandstone and shale. Sandstone, LW,
greenish gray, coarsening upward from c silt to f/m, poorly to moderately sorted, common plant
remains. Shale, silty, dark gray. Upper 1/3, LW-LSA, coarsening upward to m-vc, moderately to
moderately well sorted. Sharp top.

Shale, dolomitic, common fossil debris, slowly calcareous. .
Wackestone/mudstone, dark gray, well beddéd. Lower part well laminated.

Shale, noncalcareous, sub-mm laminated. Very well laminated. Sharp top. Deep profundal.

A coarsening upward succession from silty shale, dark gray, and vf LW, to f/m, to m/c LSA/LW
with siltstone interbeds in the upper part. Sharp top.

0.



LW in lower part, coarsening upward from f/m to m/c (LSA?), well bedded.

Shale, black, grayish black, mm laminated, pure, organic rich, upward siltier. Prodeltaic.

[¢2]
|||H\||||‘_:_f|

(2]
b

Snare, dolomitic. Sharp/gradational top.
Wackeéstone/micrite, dark gray, oil stained, altered. Slightly moundy on top. Sharp, knobby top.
E Shale, lower part, gray fining upward from v LA, siltstone, silty shale. Upper part, blackish gray to dark gray, heterogeneous

=h=i=, noncalcareous, very well laminated. Sharp top. Deep profundal.

LA/LSA, yellowish greenish gray to gray, fining upward from cive to m/c, to f/m, very well sorted, subrounded to rounded, well
laminated. Gradational top. Reworked delta front deposits. Transgressive (?).

A coarsening upward succession. Lower 1/3, shale, silty shale with intercalated f LW, dark gray
to blackish gray, abundant plant remains. Upper part, coarsening upward from f/m, to c/vc LW,
moderately to moderately well sorted, common plant remains. Gradational top.

5]
64
| _: Dolomitic shale. Sharp top.
6 7 Micrite, well laminated and bedded, dark gray.

— Shale, black, sub-mm to mm laminated, non to moderately calcareous, upward increasingly.
Very well laminated. Heterogeneous. Sharp top.

w
__|_______|______________

" Dolomitic shale, intercalated with dolomite laminae. A 1-cm thick dolomite at top. Sharp top.
—

| Dolomite, |IEhi brown, well thin to thick laminated. Gradatlonal top.
(<__Shale, biack, friable, honcalcareous, fish scales

A coafsening upward succession similar to below Sharp top.

¥

AT O

Dolomite and dolomitic shale, well laminated.
Micrite or dolomitic micrite, very well laminated, well bedded, oil stained.
Shale, black, upward to dolomitic or calcitic.

[

A coarsenlng upward succession. Lower part, silty shale, upward to vf LW, to m-vc LW in upper part. Sharp top.

;f'

[*2] B k<21 (921

)

Lower part, dolomite, intercalated with dolomitic shale, upper part, dolomitic shale. Sharp top.

Shale, silty, friable. Gradational top.
| A, yellowish brown, f-m, moderately well to well sorted, well bedded, common plant remains. Sharp top.

Shale, variably silty, calcareous and dolomitic, few cm thick calcareous mudstone/wackestone

-

lenses. Dark gray to blackish gray. Upper part silty. Common to abundant plant remains. Grada-
tional top.

s et R | B Bt

I B V2 ) (2]

Dolomite and dolomitic shale interbeds. Sharp/gradational top.

Dolomite, dolomitic limestone, well laminated and bedded. Sharp top.

T.



Shale, interlaminite of black shale, dolomitic shale, algal micrite. Common plant remains. Gradational
top.

(&)
||cf I

Wackestone (20), dark gray, oil stained, undulating base, knobby top. Variable thickness 20-40 cm.

Interlaminite of dolomitic shale and black shale.

[4;]
~

% Dolomite and dolomitic shale, interlaminated. Dolomite mainly in upper part. )

Shale, lower and upper parts, 10 cm each, variably dolomitic, middle part sandy. A condensed/less pronounced version of delta
to profundal to limestone, to dolomite cycle, as below.

Dolomite and dolomitic shale interlaminated. Gradational top. . )

Shale, gray to dark gray, lower and upper parts dolomitic, middle part sandy and calcareous.

Gradational top. Littoral profundal.

Dolomite in lower 10 cm, upward to dolomitic shale. Gradational top.

Shale, dark blackish gray. Gradational top. Littoral profundal.

A coarsening upward succession from shale, silty shale, f, m LW. Sharp top.

|||||||||"1.I o

Dolomite in lower part, upward to dolomitic shale, sub-mm interlaminated shale, dolomitic shale, and dolomite.

Wackestone (20), peloidal. Top slightly moundy with 10-20 cm relief. Gradational top, slightly moundy.

Shale, middle part silty to sandy, local ¢ siltstone, blackish gray to grayish black. Sharp top.

54t—7
_E < Dolomite and dolomitic shale, argillaceous, some plant remains, locally probably dolomitic micrite. Gradational top.
— Shale, basal and top parts slightly dolomitic. Middle part silty or sandy with vf sands, moderately
— calcareous. Gradational top.
531
= = Dolonmite. . . .
— Shale, black, variably silty. Sharp/gradational top.
52 + Dolomite, intercalated with dolomitic shale. Sharp/gradational top.
-
T q Shale, grayish black, variably dolomitic, non to dolomitic, common plant remains and heterogeneous. Sharp top.
parm
i [ gray (40-60), peloidal and skeletal. Upper part ded with algal i domal, clean. Altered. Sharp top. 10-50 cm thick.
. Shale, black, noncalcareous, very well laminated, heterogenous. Sharp top. Deep profundal.
51 A coarsening upward succession. Lower 1/3 interbedded silty shale, dark gray, and vf LW,
b upward to f-m LW, greenish gray. Abundant plant remains in both shale and sandstone. Upper
b part, LW/LSA, coarsening upward from f/m to c/vc, yellowish greenish gray, common plant
. remains, well bedded.
50F
Shale, blackish gray, grayish black, variably dolomitic, dense, mm-sub-mm laminated, heteroge-
neous with many organic materials, sparse ostracods in the middle part. Few thin cm-thick lime-

|(? |

stone, altered, and dolomite laminae/beds. Uppermost a 5-cm thick shaley dolomite. Sharp top.

¢l



Limestone, gray, lower 30 cm from algal laminated/coated wackestone to packstone of
T A peloids. Upper part, 0-40 cm, undulating, lenticular, knobby, mounded, 1-3 m in size, 40 cm
in maximum relief, wackestone with microbial laminations. Sharp, undulating, knobby top
with 40 cm relie

Sharp.top. Deep profundal

J# Dolomitic shale in lower part, upward to dolomite intercalated with shale, well laminated, grayish black to brown. Common plant
remains. Sharp top.

LW, in places, LSA, yellowish greenish gray, coarsening upward from m-c to m-vc, moderately to moderately well sorted,

subrounded to rounded, thick laminated. Common plant remains, some limestone clasts. Delta front.

.u—v&ulomite, with common plant remains parallel to bedding plane, dense, well laminated. Sharp/gradational. 5 cm thick.
Packstone/wackestone(80) in upper part, greenish gray, basal 5 cm, argillaceous wackestone (15), sub-mm laminated, dark
gray, with plant remains. Gradational top.
LSAJ/LA, yellowish greenish gray, c/ve, moderately well to well sorted, no clear grain size trend. Overall clean and well sorted.
Well thick laminated and bedded. Sparse plant remains, in places, common. Uppemost 10 cm LW-LSA, but still f-vc. Shamp top.
&2 Lakeshore, sublittoral.

5

Shale; blackish gray to grayish black, 3 parts as below: Lower part, noncalcareous shale, middle and upper parts, inceasingly
dolomitic, with brown mm-sub-mm lenses and laminae at top. Topmost 5 cm, silty shale, nondolomitic. Gradational top.

Sandstone, basal part highly slickensides in mud matrix, either by faulting or tuffaceous
(bentonitic), bedding parallel. Basal 10 cm, c/vc. Overall coarsening upward from f, f/m, m/c, to
clve, from LW to LSA/LA, upward better sorted from moderately to well sorted. Some plant
remains, in places, rich. Some limestone clasts. Sharp top. Delta front.

I

4

IS
1 ?
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Shale, grayish black to blackish gray, dense, very well laminated, variably dolomitic, upward
increasing. Rare dolomite (brown) laminae and limestone laminae. Sharp top.

Shale, blackish gray, grayish black, monotonic, variably calcareous from non to moderate, vari-
ably silty. Middle part a 3-cm LW, c-vc as storm input. Common to sparse plant remains. Some

parts heterogeneous with scattered patches of filaments of organic matter and films and prints.
Gradational/sharp top. Deep profundal.

1

tower 10 cm, dolomite, upper 10 cm, interlaminated dolomite and dolomitic shale. Dolomite is brown, dolomitic shale is black to gray-
ish black. Gradational top. . - .
Shale, grayish black, very well laminated. Basal 5 cm and top 5 cm, dolomitic, middle part plant

rich, variably silty, in places, sandy (vf sands), non to weakly calcareous. Gradational top. Littoral
te-sublittoral profundal.

w

2 Dolomite, micritic, pale brown, slowly calcareous, few peloids, rare plant remains. Gradational top.
—-"—‘: Shale, black to blackish gray, varlably dolomitic, variably silty, common to sparse plant remains,

some skeletal debris. Sharp top.

cm in relief on top surface, algal laminations, stromatolitic.

‘?|||||||

Limestone, basal 5 cm, laminite of wackestone/mudstone. Upper part, hemispheric, nodular, limestone, with flat base,
m ~za

Shale, graylsh black, basal 5 ¢m dolomitic shale with a gradational top. Middle and upper parts very well laminated shale, nondolomitic.

€L



LW, yellowish gray, crudely coarsening upward from t to m/c, well laminated and bedded. Sharp top.
Delta front(?).
Shale, slightly silty, black, papery, common plant remains. More silty, to siltstone in the uppermost part. Gradational top. Prodeltaic.

Interlaminite of brown dolomite and dark/blackish gray dolomitic shale. Sharp top.

—— Packstone, gray, many grains parallel to bedding plane, current laminated, skeletal. Sharp top.

Shale, black, noncalcareous, mm-sub-mm laminated. Sharp top. Sublittoral profundal.

Shale and sandstone succession, coarsening upward from vi/f to c/vc, rich in plant remains. Sharp top.

Tnterlaminite of mm laminae of dolomite and dolomitic shale. .
Shale and sandstone coarsening upward succession, from f/vf to m/c, to c/vc LW ,8ommon plant

remains. Sharp top.

A P/E cycle

Shale, black, lower part noncalcareous, uppermost 5 cm, interlaminated black dolomitic and brown dolomite, 2-3 mm interlaminite. Sharp

top-

LWI/LSA, greenish gray, coarsening upward from fivf, m/c, to c. Sharp top.

Shale, black, grayish black, sub-mm to mm laminated. Overall moderately calcareous. Few
slowly calcareous or noncalcareous beds. Fossil debris abundant. Variably silty. Littoral to deep
profundal.

Dolomite with dolomitic shale laminae. Sharp top.
Shale, black, noncalcareous. Gradational top. Profundal.

LA/LSA, yellowish greenish gray, moderately well to well sorted, f/m-m, crudely coarsening upward. Sharp top. High energy
reworked delta front deposits.

)

A coarsening upward succession from f, to f/m, to m/c LW, olive gray, rich in plant remains. Sharp/gradational top.

%7 Delta front.
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Shale, black, lower part, friable with lenses of fossiliferous calcareous shale. Upper part, very
© well laminated, dense, weakly to noncalcareous. slowly calcareous, dolomitic.

Shale and sandstone coarsening upward succession. Lower part, silty shale, to vf LSA, to f-m
LW, to m/c LW in upper part. Shale only in basal 30 cm. Uppermost 5 cm, f/vf LA as transgres-
sive reworked sandstone. Sharp top.

Shale, black, very well mm-sub-mm laminated, flat uniform surfaces, slowly calcareous, dolomitic. Uppermost part a lenticular
tayer-1-3 cm thick of mm-cm breccias of laminite as a storm deposits. Sharp top.

AZE& Algal laminate, mudstone/wackestone, very well laminated and bedded. Top part, cm scale cone-in-cone structures.
e

Shale, black, noncalcareous. Sharp top. 3 cm thick.
LW, yellowish greenish gray, thick laminated, moderately to moderately well sorted, slightly fining upward from m/c to m#. Sharp top.

DRalomite, thick laminated, slowly calcareous, pale brown to light gray, many bedding parallel blackened grains. Sharp top.

Shale, black, dolomitic. 5 cm thick, )
x\[‘aqkestonelmudstone, cru_delg thick laminated.

. calcareous, interlaminité same as below. 5 cm thick.
Ly Mudstone/wackestone(20), gray to dark gray, mostly mm laminated, well thin bedded.

Shale, black, well mm laminated with uneven surface, heterogenous with many types of grains, noncalcareous. Sharp top.
Littoral/sublittoral profundal.
Wackestone/mudstone, shaley, sub-mm laminated. Shaley part may be dolomitic. Sharp top.

LSA, yellowish greenish gray, variable grain size, interlaminated f/m, m/c, well sorted. Sharp top.

STae, blackish gray, slowly calcareous. Sharp/gradational top. Probably dolomitic. . .
Packstone, dark gray to brownish gray, common scattered plant remains, parallel to beds. 10% detrital grains. The rest are

and skeletal grains. ngl thinlbeddedain Iaclesalaminated.

Shale, black, very well mm-sub-mm laminated. Basal 10 cm upward decreasingly dolomitic. Uppermost 30 cm, moderately dolo-
mitic. Middle' part nondolomitic. A gradual cycle. Basal 3 cm probably pure dolomite. Sharp top.

Wackestone, dark gray to gray, two facies: mound and flanking beds. Mound: abundant elongate wavy algal plates, fossil
-?:i debris, wackestone(40), large amount of cements, wavy to flat base, mounded top of 50-cm relief. Each mound 5-10 cm
wide, individual mounds 10s m apart. Flanking facies: wackestone/mudstone, well thin bedded and laminated, argilla-
©  ceousand silty, common scattered plant remains. Gradational top. 20-70 cm thick.
Shale, nondolomitic, rich in plant remains, weakly to nencalcareous, very well mm-sub-mm laminated. Sharp, undulating top. 5-10 cm
thick.
A coarsening upward succession from silty shale, siltstone, f LW, to m-c LW, common plant remains. Upper 50 cm no shale.
Sharp top.

LSA greenish gray, f-m, well sorted. Sharp top._TransIc_.)ressive._ .
32 Shale’ black, \zery well laminated, rich in carbonized pfant remains, mm to clz(m long. Sharp top. Transgressive.
e icl

ston pure, dark purplish gray. peloidal, well bedded. 5 cm thick. . ] :
Shale, blackish grayio grayish black, lower part sllly. Common plant remains and fossil debris. G top. L al 5 cm thick.

LSATA, yellowish greenish gray, f-m, well sorted, thick laminated. Gradational top. High-energy reworking.

A coarsening upward succession from shale and sandstone interlaminated to f, to m LW in

upper 50 cm. Common to abundant plant remains. Sharp/gradational top.

ghale, black, dark gray, nondolomitic, moderately calcareous. Gradational top. 5 cm thick. Transgressive. )

Shale, black. blackish’gray, variably dolomific, increasing upward. Basal few cm interlaminated black and gireenlsh gra){ mm lam-
inae, suggesting thetoF] DI delta may or may not be a cycle boundary, or as transgressive deposits. Gradational/sharp top.

ale

Sandstone and s , coarsening upward and thickening upward. LW/LSA, f/vf to m-c, upward
less silty shale. Rich in plant remains, well laminated. No shale in upper 40 cm. Gradational top.

Sandstone, very calcareous, or arenaceous micrite, f-m, moderately well to well sorted, light gray, well thick laminated. Gradational top.

7
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Shale, black, friable, noncalcareous, rich plant remains. Sharp top. 3 cm thick.
Shale, dolomitic, slowly calcareous.

1 Mudstone/wackestone, black to dark gray, oil stained, wavy laminated, silty to argillaceous, well bedded. This and the underlying
bed forms a cycle without deltaic deposits.

Shale, black, variably silty, moderately calcareous, variably dense, mm-sub-mm laminated,
small (mm) to large (cm) plant remains, common to some. Fossil debris present.
Sharp/gradational top.
- .!? hale, bluish gray, dense, mm-sub-mm laminated, slowly calcareous, dolomitic. Gradational to;é. .
=T=T=T=T=] Wackestone (20)/mudstone, pale gray, common plant remains, argillaceous, well thin bedded. Sham/gradational top.
-— Shale, black, probably organic rich, noncalcareous, slightly silty. Sharp top. Deep sublittoral profundal.
o] LA/LSA, grayish yellow to yellowish greenish gray, upper part, few silty shale stringers, f-m, crudely coarsening upward to m-c, well to very well sorted.

— g .¥ Common plant remains. Sharp top. High gy reworking. Ti g ive(?) or reworked delta front top. So the base may or may not be a cycle boundary
17 ! (as interpreted below). If not, the deltaic deposits as a whole is a cycle deposited during the transgressive phase of a larger cycle.

A coarsening upward succession similar to below. LW in upper part, poorly to moderately sorted,
m-c. Lower 1/3 has dark gray shale laminae. Sandstone is plant rich. Sharp top. coarsening
upward from the underlying 5-cm shale.

-

Strater blackish gray to grayish black, similar sub-units as shale below. 3 beds upward are 25, 10, and 5 cm thick. The upper-
most 5-cm bed is transgressive(?) with the base as a cycle boundary. 1-2 cm thick wackestone/mudstone lenses in middle
ggrrt]gsf!tohfe%regeﬁlrsorﬁuagil t%‘SJS’y%ﬁagr%té%’ﬁ'fﬁf%e|| sorted. Sharp top. Transgressive.

Another coarsening upward succession from thin siltstone and vf sandstone to m LW. Sharp top.

-

—

An coarsening upward succession of prodeltaic to delta front deposits as below. LW, f, m/c, to c,
uppermost 10 cm very well calcite cemented into dense calcareous LSA/LW. Common to abun-
dant plant remains throughout. Sharp top.

black, friable, silty, rich in plant remains, medium laminated. Gradational top. Transgressive (?)

W- Shale, blackish gray, thick platy, slowly Dolomitic(?) stringers of discontinuous, mm-sub-mm laminae of dark brown, in sharp
contacts with black matrix. May be replacive/primary dolomite, some as flattened modules (burrows). Sharp/gradational top.
[ nw-: Shale, black, fissile, weakly to noncalcareous, upward less silty, common fossil debris. SrPlarp/gradatlonaI top. Deep profundal.
LA/LSA, f-m, well to very well sorted, well thick laminated. Sharp top. Reworked. Transgressive.
LWI/LSA, gray, coarsening upward from f, m, m/c, to ¢, poorly to moderately sorted. Lower part

with thin shale/siltstone laminae. Lower 20 cm dominated with shale laminae. Sharp top.

— — — - —

LSA, gray, thick plates, moderately well to well sorted, crudely coarsening upward from m to m/c, common plant remains. Sharp
top. Coarsening upward with underlying 2 beds.

11

Sandstone and shale interlaminated and interbedded, same as the prodeltaic interval below.
Gradational top.

Shale, black, grayish black, upward to siltstone, vf sandy shale, dark grayish gray, very well mm
laminated, common plant remains. Sharp/gradational top. Coarsening upward.

Shale, dense, black, slowly calcarecus. Dolomitic(?).

QJEEEEE Wackestone (30-50), peloidal, argillaceous and silty, dark gray, well thin bedded, oil stained.

—-— - - — — 1
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lar f0 th fundal shale below. Shar op 5 om thick.
T Wk Sone (49 ;?e&ﬁ‘élpcﬂ'éh'«"g%fﬁelﬁi BeicP 985 &p e

o %

hale, black, slightly silty, various fossil'debris, fish scales,

plant remains, Weakly to Sharp top. Deep profundal.

Qgﬁﬁgﬂ,'ﬂg gﬁg’ghda'le‘ similar to the coarsening upward delta front interval below, from f/im to m/c. Greenish gray, LW. Uppermost 10 cm LA, m in lower, f

2]
G-k

Interlaminated in
%? deposits(?). Uppermost 10 cm mudd

in upper parts verz well sorted, reworked (7). Sharﬁ: to .Tmns\g‘,ressive, ~ R
laminae and thin beds (5-10 cm thick), vcic LW laminae, silty sale/siltstone, f-m muddy LW. Complex storm deposits or lakeplain

g S isLW‘ m, f, ¢, very poorly sorted, abundant plant remains, but thick laminated. Sharp/gradational top.
Shale, black, grayish black, sub-mm laminatéd, common fossil debris and fish scales. Sharp/gradational top. Deep profundal.
L AN SA, intercalated with few silty shale laminae, greenish gray, fivf, thick to medium laminated. Shamp/gradational top. Transgressive.

>

_|44

A coarsening upward succession from interlaminated shale/siltstone and sandstone to m/c LW.
Sharp top. Delta front. Similar to cycle below.

Shale, black, blackish gray, well thin to thick laminated but uneven surfaces. Fish scales, small (mm) gastropods. Probably
ic rich, algal plates/filaments common. Sharp top. Deep profundal.

2

LSA/LW, greenish gray, coarsening upward from f, m, to m/c, uppermost 10 cm, f LA as reworked deposit(?). Common plant
remains. Sharp top. Delta front.

Sandstone and shale interlaminated, greenish gray, similar to below, Sandstone is f-vf, shale is silty. Gradational top. Prodeltaic.
Shale, black, mm-sub-mm laminated, some filaments, some fossil debris, pure. Probably organic rich. Sharp/gradational top.

L]

Deep profundal.
LWI/LSA, greenish gray, f-m. Sharp top. Coarsening upward with underlying bed.

Shale, silty, siltstone, gray to dark gray.

LW, greenish gray, f-f/m, lower part, intercalated and interlaminated with dark gray siltstone and
silty clay. Sharp top.

B

Sl black, well laminated, § , sitty, moderately cal . D fundal/prodeltaic.
T T N A A B L A U e v Sl ey e %ﬂ%ﬁ.eé?fgga top.
Shale, black, platy, moderatély calcareous, scattered fossil debris. Sharp/gradational. Deep profundal(?).

I

S ft—=r-—————f-———F—=- -3
—

)

LWI/LSA, yellowish green gray, well laminated, common plant remains. Crudely coarsening
upward from f/m to m/c, LW/LSA, moderately to moderately well sorted. Sharp/gradational top.
Delta front.

Shale, intercalated with sandstone. Shale, silty, siltstone, well laminated, plant remains rich.
LSAJLA, yellowish gray, f-m. Sandstone and shale form 2 coarsening upward couplets, sand-
stone ~20 cm thick in each couplet. Gradational top.

Shale, pure to silty, blackish gray to gray black, mm thick very well lamil Lower part upward to slowly calcareous, to moderately to
very calcareous. Lower part may contain long wavy algal plates. Some layers contain mm size calcitic nodules, irregular, replaced gypsum nodules(?).
Sharp top. Shallow profundal.

muddy, gray, lower part thick laminated, thickness varies 5-10 cm. Sharp top.

LSA/LW, greenish gray, yellowish gray, m-c/vc, variable, moderately to moderately well sorted, some f LSA stringers in upper part.
No clear grain size trend, slightly fining upward. Thick laminated. Some plant remains and blackened limestone clasts. Sharp top.
Shale, black, blackish gray, silty, common plant remains. Coarsening upward in upper part to siltstone, vf/f sandstone, to green-
ish gray. Overall coarsening upward from pure, to silty, to vf sandstone. Gradational top.

r 1T o | w

_________'_.__________

? 1 ]

. . ’ h i
PSR RCRo SHEes 95 SAPLS AR, Ao o mm laminated. Sharp op. Dokt
LSA. arav. m-c. well sorted. common skeletal and peloidal arains. verv well cemented. Sharp top. 5 cm thick.
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Sandstone and shale interbeds. LSA, fining upward from m to fif, greenish gray, less upward. Shale, black, blackish gray,
increasing upward, mm-sub-mm, thin to medium well laminated, siltier upward, no ostracods. Sharp top.

LSA/LW, yellowish greenish gray, m-ve, common skeletal and peloidal grains, no clear grain size trend. upper 40 cm, greenish
gray, a 10-cm thick silty shale/siltstone, dark gray. Common/abundant plant remains, no ostracods. Sharp/gradational top.
Transgressive or delta front, or lakeshore.

Shale, pure, blackish gray to grayish black, extremely abundant ostracods throughout. Thin to medium bedded. Top very sharp,

Wacaesqgr?rgunqﬂﬁﬂty ge nr%ilcr}ifgpg? e?‘eﬁ‘,”&bﬁ%BR’L?JEK%%%W'&PQ&?/&%?&?&?'|§R§£§/F§Hﬁnae of arenaceous packstone, m-vc sand
grains embedded. Sharp top.
Shale, black, blackish gray, slightly silty, extremely abundant ostracods, throughout the entire

shale interval. Sharp top.

LSAJ/LA, greenish gray, f-m, moderately well to well sorted, moderately to very calcareous, common plant remains. Sharp top. Distal
delta front. . .

Shale, silty, grayish black, common to abundant plant remains. Non to moderately calcareous.

Prodeltaic. Gradational top.

LSA-LW, greenish gray, f/m, moderately well sorted, common plant remains and some skeletal debris. Sharp top. Distal delta front.

Shale, grayish black to blackish gray, very well mm laminated, moderately calcareous, abundant plant remains and some skele-
tal debris. Upward siltier, to siltstone, to vf/f LW laminae. Coarsening upward. Lower part a 0-2 cm thick limestone lens.
Sharp/gradational top. Prodeltaic.

LSA/LW, greenish gray, basal part a 10 cm thick silty shale bed. Some plant remains, common
skeletal and peloidal grains, igneous grains dominant, m-vc, sparse granules, moderately well to
well sorted, subangular to subrounded. Middle part a 10 cm skeletal m/c LSA, very well calcite
cemented with ~50% skeletal grains (or arenaceous packstone). Crudely coarsening upward
from m/c to c/vc. Sharp top. Delta front.

Shale, dark gray, upward to dark greenish gray. Basal 20 cm with reworked mud balls and
clasts, mm in size, reworked coal balls (~1 mm in size); silty, upward to pure, thin laminated
black shale, to fivf LW laminae, upward increasing to m/f laminae (increase in both thickness

and abundance). Plant remains rich and throughout. Sharp/gradational top. Prodeltaic.

hale, black, gr%);ish black, mm-sub-mm laminated, dense. Sharp top. Dolomitic (?). o

(30), dark gray to gray, slightly altered, pure. Some shale clasts and blackened spots, both cm-mm in size. Sharp top.

Shale, blackish gray, grayish black, common plant and skeletal debris, many or may not be selectively dolomitized (probably not), weakly to moderately
calcareous, variably silty, mm laminated. Close resembling the organic rich shale in eastern Tarlong. Lower part, modern calcite, white powdery as bed-
ding plane fault zone, probably shale, may also be tuff/bentonite. Sharp/gradational top.
LSA, basal part probably with cm thick reworked siltstone/sandstone, blackish gray, m-c, moderately well to well sorted, no clear grain size trend. Trans-
gressive.

Thale, dark gray, blackish gray, laminated, sparse skeletal grains and plant remains. Or argill I ne, dense. Sharp top.
Mudstone/wackestone, muddy, micritic, not altered, dark gray, faintly laminated, thin bedded. Gradational top.

LA/LSA, gray to greenish gray, slightly fining upward from m/c to m/f, very well sorted, thick laminated. Upper-
most 10 cm, fining upward to vf, thick laminated. Sharp top.
Shale_silty, siltstone, sandy, mm-sub-mm fissile shale, moderately to very calcareous, common plant remains. Bay fill or lakeplain. Transgressive.

Shale, blackish gray, mm-sub-mm laminated, upper part papery, slowly calcareous, some fossil debris.

., LSAor sandyfackstone, dark Ereenish ﬁray, m-c sands, moderately well to well sorted. Sharp/gradational top.
Wackestone(40), gray, sandy (20%), well bédded as 3-4 5 cm thick layers. Sharp/gradational top.

LSA and shale interbeds, overall coarsening upward as more sandstones upward. LSA, LW, f-m
in lower part, m-c in upper part. Shale, silty, sandy, dark gray to blackish gray, dominant in lower
part, decreasing upward. well bedded, common blackened limestone clasts. Sharp top.

Share, black, sub-mm to mm laminated. Sharp tor. Dolomitic(?).
2 beds. Lower part, arenaceous wackestone, well bedded. Upper part, LSA, m, very well sorted, very calcareous.

Shale, dark gray, blackish gray, mm-sub-mm laminated, dolomitic.
3 couplets, similar to below. Uppermost 40 cm is the shaley part. Sharp top.

8.



3 couplet of coarsening upward interlaminated LSA, black siltstone/silty shale, probably bay fill
successions. LSA, m-vc, dominantly m-c, moderately well sorted, greenish gray, common plant
remains. Shaley part: interlaminated, f, m or m-c saridstone laminae with plant-rich silty shale,

siltstone, and dark gray shale. Sharp top.

;'

_ Shale, blackish gray, black, dense, very well mm-sub-mm laminated, slowly calcareous, dolomitic. No to rare plant remains. Mid-
dle part lenticular cm thick micritic nodules, oil rich. Sharp/gradational top.

LSA/LA, greenish gray, m-c/vc, no clear grain size trend. Basal 2- cm siltstone, black; middle
part 15 cm with interlaminated dark gray siltstone/silty shale. Moderately well to well sorted.
Sharp top.

11"ttt rir—

Shale, black to grayish black, mm-sub-mm laminated, dolomitic, some plant remains, possible fish scales. Middle pgrt a 3-cm
thick silty/sandy shale/siltstone as an event bed. Sharp top.

Wackestone/micrite, altered, gray to dark gray, oil rich. Gradational top. . .
LSA, greenish gray, slightly fining upward from m-c with granules to m/c, moderately well to well thick laminated, cofnmon plant
remains. Sharp/gradational top.

Those cycles miss the
.Iprofundal deep
organic/not plant)-rich
facies, signifying the
transition between east-

LW, sandy shale, f, interlaminated with silty shale, black, plant rich, thick laminated. Sharp rippled top.

A

Shale, black, mm-sub-mm laminated, some to common plant remains. Sharp em Tarlong to
Taodonggou. It appears
that the deep facies

Wackestone/micrite, intercalated with dolomitic shale laminae, gray, altered, oil rich. Gradational top.  shifted upward from

LSAJ/LA, yellowish gray, m-c, granular, no clear grain size trend, moderatel@ Wiower-middle LCG in

some black shale laminae, some plant remains. Sharp top. Tagog%o_uerpealCG
; ; an in Taodonggou,
Shale, black, grayish black, mm-sub-mm laminated, slowly and weakly calcar‘indicating switching

common plant remains. Sharp top. Dolomitic. . ) basin center.
Micrite/muddy wackestone, arenaceous, sandstone, shale interlaminated, gray to dark|gray,

cms thick laminae. Limestone increasing upward. Sharp top.
LSA/LW, greenish gray, slightly fining upward from m/c to f-m, upward increasing silty ghale lam-
inae with common/abundant plant remains. Common limestone/blackened clasts. Gradational

S SR S —
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Z—-’—: Eﬁéle, dense, thin to very thin, sub-mm laminated, slowly and moderately calcareous. Common
81— plant debris. Sharp top. Profundal, dolomitic.
T LSA/LA, yellowish greenish gray, m-c, with granules, upward to m/c, moderately well to well sorted, no clear grain sige trend,
— i m_a w better orgd u;&ward, thlcﬁﬁlab |nafd. Sharr: top, Transgressjve.
= Shale, black, grayish black, thin laminated, middle part papery, slowly and weakly caloggeous.
. Some plant remains. Sharp top. Dolomitic.
80~

Sandstone and shale, greenish gray to dark gray, coarsening upward from interlaminated dark
gray silty shale and f LSA, to LSA, m-c, intercalated with shale, moderately well to well sorted,

better upward. Common plant remains, well bedded. Sharp top. Delta front. .
LSA, greenish gray, m-c, moderately well sorted, some plant remains. No grain size trend. Gradational top. Transgressive.
Shale, black, dense, thin interlaminations of sandy vs pure shale, common plant remains, noncalcareous. Dolomitic. Sharp top.

h
Itaic,of profundal,shale, or shallow littoral dalomitic shale (probably dolomitic. . . .
EWE_@?\, é’reenlsh gray, m-c, moderately we%sé’?’iezi Eommon)plant remains, well thick laminat-

1
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¥ ed. Sharp top.

N

Shale, silty, u to siltstone, gray to dark gray, common t: undant plant remains, thick laminated. Gradational top.
Wackestone PSV&?,rﬁght gray, arel acséous witl Qm_)(,c sands, m?cﬁﬁc ma\trlt)[,J we‘lt in eddedc.KSﬁarp top. P
LSA, greenish gray, slightly fining upward from m/c to m, moderately well sorted, some plant remains, well

- -

1 aminated. Sharg/ radational top.
ackestone, arenaceous, yellowish gray, well bedded. Sharp top.

Shale, sandy, siltstone, upward to f/vf LSA, greenish gray to dark gray, moderately to very cal-
careous in upper part with some skeletal grains. Common to abundant plant remains. Well lami-

nated. Gradational top. Proximal prodeltaic.
LSA, m-c, yellowish greenish gray, poorly to moderately well sorted, common plant remains. Sharp/gradational top. Distal delta front.
LW/sandy shale, gray, dark gray, f-m, poorly sorted, common plant remains on bedding plane. Gradational top. Proximal prodeltaic.

LSA/LA, yellowish greenish gray, m/c, moderately well to well sorted, no clear grain size trend, thick laminated, some plant
remains. Gradational top. Transgressive.

= " dark grayish shale, variably silty, weakly to noncalcareous, dolomitic. Common plant remains, very well laminated.
B Wackestone, gray, nodular, well beddéd, altered, some blackened clasts. Sharp top.
— Shale, black, interlaminated LA/LSA, greenish gray, m-c, moderately well sorted, thick laminated. Common to abundant plant

. Sharp/gradational top. .
S ”a'ﬁe",'%lack?srﬁ Sng,%Els%rlllae, \?jéa-l[[?r&%%grsgloﬁ, some plant remains, possible fish scales, papery. Sharp top. Dolomitic.

I L_L_I-L |[SA, yellowish green, thick laminated, fining upward from m/c LSA, moderately well sorted, to interlaminated siltstone and vf/f
HEFEHD LSA (or arenaceous limestone), very calcareous, commen to abundant plant remains. Sharp top. Transgressive.

Shale, pure to silty, grayish black, black gray to dark gray, thick laminated, slightly sandy, common plant remains. Sharp top.

|
|
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1

Shale, siltstone, vi-f LSA, yellowish green, coarsening upward, common to abundant plant remains, well thick laminated. Gradational top.
q Transgressive/late transgressive(?).

(2 N N K7 )
=t

— — — 1

AR, LSA,S%reenish qray, m-c, moderately well sorted, commonJJIant remains, thin shale laminae. Sharp top. Transgressive.
0 Limestone, argillaceous and arenaceous, light gray, altered. Sharp top. 5 cm thick.

Q| T A
Wl

Shale, vf LSA, greenish gray, fining upward from m, f, to c siltstone. Upper 20 cm, silty shale,
abundant plant remains, weakly to moderately calcareous. Well laminated. Gradational top.
Deepening then shallowing upward.

LSA, c/vc in lower part, moderately to poorly sorted. very calcareous with peloids, top 3 cm micritic, with vf sands and grada-
tional base, well bedded. Sharp top.

LSA/LW, greenish gray to gray, dark gray, coarsening upward from vf to f to f-m to m/c, moderately well sorted,
moderately to weakly calcareous. Common plant remains, thin to thick well laminated. Gradational top.

Base is the top of a fissile black shale (dolomitic), as the last interval measured in 2007.

N4E/33.5

—_————{ - —

« g

- Shale, fissile, dark %rayl dense, noncalcareous. Dolomitic(??.. . . ” .
7-58 Wackestone, gray, highly altered, some algal piates and pefoids, muddy (20% grains). Intercalated with dolomitic(?) shale laminae.

Sandstone and shale interbeds. Shale, thick platy, friable. Sandstone, same as below. Maximum transgressive.
Sandstone, yellowish greenish gray, well laminated, LSA/LA, moderately to moderately well
sorted, moderately calcareous. Gradational top. Transgressive.

Top surface is a faulted surface, which may be in direct contact with overlying profundal cycles at the saddle ~30 m to the south.

- Shale, black, dense, fissile, noncalcareous, may have skeletal grains. Dolomitic (?). Sharp top.
Limestone, highly altered. Sharp top.

If true, no or minimal strata is missug]g. i ) )
Shale, grayish black, abundant disseminated plant remains.

Limestone, highly altered.
Sandstone, yellowish greenish gray, friable, structurally disturbed. Sharp top.

Shale_ silty, blackish gray.
Limestone, highly altered. . .
Sandstone, yellowish greenish gray, coarsening upward from f to c.

08



noncalcareous. Deep or shallow(?).

Sandstone, f-c, coarsening upward. Sharp top.

@]
-

| | oo

! I -

| 3

I N ]

|| [ o= Shale, silty to pure, platy, dark gray to blackish gray. Deep(?)
| [T~ -F T Timestone, 2 beds, altered, peloidal wackestone.

\ | - Sandstone, brownish gray, f-c.

} g7-5 Shale, silty, siltstone, irregular and angular plates, dense, apparently some carbonate grains and detrital grains, but
|

\

\

\

blackish ?ray.
imestone, highly altered.
Sandstone, f-m-c.

(2]
|||||‘?|||||||||

Timestone, highly altered.
Sandstone, m-vc.

2}
|Lf||||

Shale, black, 5 cm thick. Deepest facies, deepening upward from bed below.
Sandstone, f-m-c. 4 cm thick. Transgressive.
Limestone, gray, highly altered, some detrital grains.

— 1L

Sandstone, yellowish green gray, friable, poorly cemented, m-c LSA. Sharp top.

[}
N
4]
T

¥

Shale, black, papery, noncalcareous.
tone. f, noncalcareous, transgressive.

0)  Sandstone, oolitic, CRL, uppér 3 cm abundant pisolites..

Sandstone, yellowish gray, coarsening upward from f to ¢, LSA/LW, sparse superficial ooids.

Sandstone, oolitic or lithic oolitic limestone, tabular x-bedded. Sharp top. Coarsening and shallowing upward from the underlying bed.
Shale, siltstone, vf sandstone, dark gray, angular platy, very calcareous.

m

&
» $
||||||| |||\\\|

Sandstone, oolitic, mainly superficial ooids. Sharp top.

—_—

Sandstone, LA, greenish gray, m-c, moderately to moderately well sorted.

gha?. dark gra¥, abundant to common disseminated plant remains, also siltstone and vf sandstone.
al iti

5] ® ndstone, dolitic, or limestone, oolitic and lithic, m-f, very well sorted. Sharp top.
)

—

Shale, dark gray, silty, very calcareous. Lower part 5 cm, green, papery. Gradational top.

18



coarsening upward from f-m, m-c, c-vc, reddish gray LSA. Sharp top.

;;E.:.:.:. Shale, green in lower part, dark gray, silty in upper part. Gradatlonallsharp top
Packstone, peloidal and oolitic,

Fee

thin persistent beds, lithic rich, f-m, canlng sandstone below.
Sandstone, oolitic, or lithic oolite, plane beds to tabular x-beds, very well cemented. Ooids mainly have quartz

cores. Sharp top.
Shale, greenish gray, papery. Sharp/gradational top.

LSA/LA, c-vc, sharp top.
Shale, greenish gray, platy, silty to vf LA, Gradational/sharp top.

— Sandstone, gray, small high-angle tabular x-beds, upward to plane beds and to large tabular x-beds. Oolitic,
mainly superficial ooids. Coarsening and shallowing upward with 2 underlying bed.

Sandstone, gray, coarsening upward from vf, m, ¢, vc with granules as interlaminae, LA/LSA,
very calcareous, well sorted and bedded.

Shale, grayish gray, very , very well lami Maximum ive. Fining upward with underlying bed.
Sandstone, ?ray LAILSA l-m well sorted. Transgressive.
, mc

sand size, common skeletal and peloidal grains, very well sorted. Lithic in places. Lower part ooltic sandstone. Sharp top. Coarsening and
shaHowmg upwaru with underlying 2 be s
ainstone, gray, lithic, lower part, lithic or f-m, very well sorted, upper 10 cm, reverse graded coated grains,

0 5-3 mm in size, sln%Ie or multiple cortices, very well rounded, cortex micritized mostly. Sharp top. High energy reworked deposit.
Conglomerate and conglomeratic sandstone, granule-fine pebble clasts. Sandstone ¢-vc, stibrounded to rounded, poorly to mod-

eraggr?as?gn%parrrg%sﬁ?se aérroe?y well laminated and bedded, well to moderately well sorted, LSA,

'a:lz coarsening upward from f, f-m, m-vc, subrounded to rounded, moderately to very calcareous,

increasingly upward. Scattered tabular to equant calcitic nodules in the upper part.

()]
'y

(9]
|||?.\_\|||||||

Sandstone, brownish gray, tabular x-bedded, m, well to very well sorted.

Sandstone, fine grained, gray to grayish green, very calcareous, well laminated.

Shale, interlaminated, green, very calcareous.
Sandstone, , very calcareous, medium grained.

8
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moderately calcareous, f, well to very

’

Sandstone, reddish gray, LA/LSA, m-vc, subrounded to rounded, large to medium, low-angle

tabular x-bedded. Sharp top. Delta front facies.
Sandstone, purplish dark gray, angular irregular plates

p/('?radatlonal toP.
ed, granular to f-pebble (<1 cm) clasts,

Shar

orted, some equant nodules as coprolites (7).

83

well sorted. Sharp/gradational top.

poorly to moderately sort

’

. M-VC,

reddish gray,
greenish gray, f-m

i
i

20%, conglomeratic. Sharp top.

Sandstone
Sandstone




Sandstone, reddish gray, m-vc, poorly to moderately sorted LSA, well bedded. Sharp top. Proximal
delta front.
Sandstone, greenish gray, f-m, well to very well sorted, well laminated. Distal delta front.

reddish gray, m-vc, granular clasts, LSA/LA, well laminated, probably tabular x-bedded. Locally highly calclte-oemented sparse calcitic

- ng nodules as coprolne(7) well bedded, weakly to moderately calcareous. Sharp top. Delta front or channel fill. Cq upward, also
upward (?!
Siltstone and s very well but only moderately to weakly cal calcitic lumps as coprolite(?), nodules 1-3 cm large.

irregularly platy, very angular plates. Locally well laminated and thin bedded. Sandstone, LSA/LA, well sorted, dark purplish gray. Sharp/gradational top.
Distal'delta front.

. '\>>>>>Sandstone, reddish gray, m-vc, granular, LSA, non to weakly calcareous, well bedded, probable tabular x-beds, some f-m laminae,

poorly to moderately sorted, subrounded to rounded. Sharp top. Delta front facies.

Sandstone, green-gray, f-m LA, very well sorted, quartzose, well laminated, moderately to very
calcareous, intercalated with sparse, thin (5-10 cm), reddish green and gray m-c LSA/LA. Sharp
top. Basal 10 cm is silty shale to siltstone. The grain size decreases dramatically once into the
LCG Formation.

Sandstone green—gray f-vf, quartzose very well sorted, thin laminated, moderately
1o ey rr\n Distald ra fmn! facies.

w
tral ..[P

w

Sandstone, interbeds, similar to below.
Sharp top.

Shale, bluish green-gray, laminated, non to weakly calcare-

Sandstone, thin 1-2 cm beds, parallel laminat- ous. Sham top.

|lwl||||||||$.|l||||\||"r

‘|||||||?||||||.\H

ed, very persistent, c-vc, well sorted an
rounded, may be a reworked top of delta front.
Sharp top. Top is the top of DHY Formation
(traced to south as base of LCG, too).

Sandstone, reddlsh green-gray, interbeds of f, well
sorted quartzose laminated LA and m-vc, poorly to
moderately sorted, granular LA/LSA, moderately to
very calcareous. Coarsening upward from the
underlying bed. Similar to the section in the last

Sandstone, conglomeratic sandstone, -
section.

conglomerate, brownish gray to gray-
ish brown, interbeds of m, m-c, c-vc
LA/LSA, uppermost a 30-40 c¢m thick,
persistent conglomerate with sharp
base and gradational top, clasts 30-
cm max., ~5 cm on average, as a
probable catastrophic event. Plane
beds, tabular x-beds dominant. Some
small convolution structures.

Base is sharp, as DHY/LCG boundary. 43017'13.6",
89000'42.0", elevation 1586 m.

Switch to SSW for ~200 m downhill.

Sandstone, brownish gray, lower 1.5 m, CRL dominant, f-m LA/LSA, also small HCS, multi-
direction small to medium, medium angle XRL and tabular x-beds, common internal reactiva-
tion surfaces, very well sorted, subrounded to rounded, moderately to weakly calcareous.

8
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ular sandstone. Gradational top. Coarsening upward with underlying bed.

Sandstone, greenish gray, CRL and parallel laminations, moderately to weakly calcareous, vf-
coarse silt, LA, well sorted. Gradational top.

Sandstone, brownish gray, coarsening upward from m, ¢, to vc, intercalated with granular con-
glomerate with some 2-4 cm pebbles. Lower part, parallel laminated, high to medium angle tab-
ular x-beds and HCS. Coarsening upward. Also coarsening upward with underlying 2 beds. This
is the coarsest unit of the 3 beds. Sharp top.

Sandstone, brownish gray, CRL dominant, LA, f, upward to m, well sorted, quartzose in some
beds. Gradational top.

Sandstone, with intercalated siltstone, greenish gray, well parallel laminated, f-vf LA, in places CRL. Gradational top. Distal delta
front.

24

Sandstone and conglomerate interbeds, gray, moderate to large low to medium-angle
tabular x-beds. Conglomerate, fine pebble (2-5 cm) dominant, max. 15 cm, clast size
decreases upward, each bed 10-20 cm thick, appear to be accretionary. Clasts imbricated

<<<<<( and parallel to bedding plane, rounded. Sandstone, c-vc, moderately well sorted,

subrounded to rounded, many conglomeratic with granule and some pebble-size clasts.
Igneous clasts dominant. No overall grain size trend, most beds normal graded, some
reverse graded. Uppermost 10 cm a persistent m LA, probably reworked after

9>>>> progradation, same to deltas below. Sharp flat top. Coarsening upward with underlying

bed.

Shale, silty, siltstone, greenish gray, common plant remains on bedding plane, moderately to very calcareous. Upward increas-

N
'I’! |

N
i
AR ENERE EEEEE R

: ilty and sandy. Sh ) ) :
g%ﬁéytca)rﬁef nréwn?é’fw%‘ray, well bedded, plane beds, in places undulating. Interbeds (5-15 cm

thick each) of f, m, ¢, vc, and granular sandstones, no clear upward grain size trend. Moderately
calcareous, some layers very quartzose. LSA/LA, moderately well to well sorted, subrounded to
rounded. Sharp top. Fining upward with underlying bed, shallowing upward with 4 underlying
beds.

Sandstone, brownish gray, conglomeratic, c-vc, clasts mainly igneous, max. 10-cm in size, rounded to very
well rounded, forming coarsening and fining upward laminae 10s of cm thick. Sandstone, moderately to poorly
sorted, subrounded to rounded, crudely bedded. Sharp/gradational even top.

Shale, silty, dark gray to dark greenish gray, medium to thin laminated, not as dense as below,
but still abundant mm-sub-mm disseminated plant remains on bedding plane, weakly to moder-
ately calcareous, uppermost ~50 cm upward increasing siltstone laminae. Sharp/gradational,
uneven top, probably due to loading. Shallowing upward with 3 underlying beds.

G8



Shale, blackish gray to dark greenish gray, dense, silty, very well laminated, abundant dissemi-
nated plant remains on bedding plane, very calcareous. Gradational top. Distal prodeltaic to
profundal.

Shale, black, probably organic rich, dense, very well calcite cemented, in places, organic-rich
micrite 1-5 cm thick. Very well laminated. Sharp/gradational top. Profundal. Upward deepening
with underlying bed.

Shale, dark gray, well laminated, upward increasing siltstone laminae, mm-sub-mm laminated,
weakly to noncalcareous. Common disseminated plant remains. Sharp top. Sublittoral.

Sandstone, greenish gray, moderately to very calcareous, LW/LSA, c-vc, some peloids,

subrounded to rounded, moderately to moderately well sorted. Sharp top.
Shale, greenish gray, S|[ty, upward siltier, some limestone lentils, weakly to moderately calcare-

ous. Lower part interlaminated. Less calcareous upward. Sharp/gradational top.

Shale, dark gray, very calcareous, probably peloidal, well laminated. Gradational top. Transgressive deepening deposits.

silty, dark gray, well laminated, laterally persistent in Cor on top part. Some mm-size intra and
extra-clasts, 10-20% peloids. Hclighl altered (modern). Sharp top. R . . R
Shale, silty and siltstone, dark greenish gray, moderately calcareous, very well thin to medium laminated. Gradational/sharp top.

Sandstone, brownish gray, coarsening upward from vf, f, m, m-c, to c-vc in top 10 cm,
9>>>> LA/LSA, weakly to moderately calcareous, very well sorted in lower part, well sorted in
upper part, CRL and parallel laminations, tabular x-beds. Upper part has 5-10 cm thick f-
pebble conglomeratic sandstone lenses, some normal graded 10-cm thick beds in upper
part. Quartzose. Delta front facies.

[

11

|$| L

trace fossils on top surface, f, quartzose, very well sorted, well parallel laminated,

~ sparse fossil land pelt?ld debris. Sharp top. . . i
Shale, silty, siltstone, vf-f sandstone interbeds, coarsening upward, very well laminated, moder-

ately to very calcareous, some skeletal debris in lower part, no disseminated plant seen. Grada-
tional top.

Sandstone, gray, LSA/LA, well to moderately well sorted, m-c, low to medium angle tabular x-
beds, quartzose. Sharp/gradational top. Coarsening upward with 3 underlying beds.

>

Shale, silty, greenish gray, very well laminated and interlaminated with silty shale, siltstone, peloid-rich sub-mm laminae. Sharp top.
-; -_ .. [ (‘L#_J === Sandstone, light gray, very well very

98



Sandstone, gray, well bedded and laminated, LA/LSA, well sorted, f-m, quartzose, weakly to

mo eratelxacalqa eous. raﬁiatjonal Bp. ) ,
[>) andstone, gray, well thin to medium laminated, LA| very calcareous, very well sorted, vf-f. Scattered peloids and skeletal grains,

locally concentrated to form grainy wackestone, quartzose. Gradational top.

Shale, greenish gray, moderately to very calcareous, well thin laminated and interlaminated of claystone and silty shale, siltstone, sparse fish scales. Gra-

datlona?top. Maximum transgressive.

Sandstone, brownish gr:

ic, g le-fine pebble, derately to poorly sorted, peloidal, thick laminated, very calcareous, some lime-

szn"elasts. Sharp lop.alyr‘alﬁsgAr‘essNe lag.
. dark purplish gray, peloidal, algal filaments, skeletal grains, coated grains, sparse to common detritus, many grains blackened. Sharp,

T T 1T 11 @ irregular, domal top.
- P; i purplish gray, well bedded, common coated grains, single or muttiple cortices, smooth or irregular, well sorted, common
1 I L T 1 T 1 T L T @@ detritus, many blackened grains, some skeletal grains. Gradational top. High energy deposits. Deepening upward with underlying bed.

] - Sandstone and conglomerate, greenish gray, interbeds, 10s cm thick. Conglomerate: fine pebble to pebble

Eﬂy size, very well rounded, flat pebbles parallel to bedding plane or imbricated form thin layers and lentils as
i shoreline pebbles. Sandstone, granular with fine pebbles, m-c, moderately well to well sorted, very calcar-

eous, medium-angle and -scale tabular x-beds. Gradational top. Lake shore and littoral.

Sandstone, reddish gray, conglomeratic, large low-medium-angle tabular x-beds, c-vc, mod-

erately well to well sorted, subrounded to rounded, some large internal erosional surfaces

of variable directions. Grains igneous, some sedimentary (sandstone and limestone). Indi-

vidual fining upward sets 10s of cm thick. Clasts max. 10 cm in size. Some bedding parallel

and subvertical calcitic layers 1-20 cm thick, lenticular, discontinuous, cementing detrital

grains (groundwater carbonate?). Sharp top. Braidplain.

Conglomerate, reddish gray, granular, well bedded, 2-3 beds, very well sorted, uniform clast size, subrounded, very well cement-
ed, clast supported, sparse limestone clasts and peloids. Erosional/shamp top. Shoreline pebbles or braidplain deposits.
Micrite, lithic, gray, slightly altered, persistent, thickness varies. Erosional top, flat to low relief. Diagenetic or depositional (?)

I Sandstone, greenish gray, upward to light gray, gray, very calcareous. Possible peloids, in places,
999 could be lithic wackestone as seen in the limestone clinoform packages (if so, this could be a fan

delta or braided delta deposit/cycle). Sandstone, LW/LSA, m-vc, conglomeratic with granule and
fine pebble, well bedded, probably tabular x-bedded. Sharp top. Fining upward with underlying
bed. Braided stream or fan delta.

igneous, sandstone, max. 40 cm in size, parallel to bedding plane or imbricated (p7-33). Slightly coarsening upward. Clast sup-
ported (70-80%), average 4 cm in diameter, coarse sand to granule matrix. Clasts of conglomerate common, too. Laterally

®e n thickness rapidly from 30-50 cm. Gradational top.
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gandstone, gray, well laminated, f-c LW, moderately to poorly sorted. Sharp top, regionally persistent, flat.

concentrated fossil fragments and plant frag-

Shale, black to blackish gray, well laminated. In places

ments. Sharp top.

Shale, silty, siltstone, vf sandstone, laminated, coarsening upward. Upward from dark gray to gray, locally

concentrated debris of well-rounded shale and shell fragments. Sharp top.
Shale, black, dark gray, well laminated, locally concentrated shell fragments, sub-mm in size, on bedding

Sandstone, greenish gray, well bedded and laminated, ¢ LA, very well sorted. Sharp top.
plane. Gradational top.

Siltstone, and vf sandstone, common plant remains, dense, laterally variably cemented. Sharp/gradational top.
Shale, black, preferentially cemented. Sharp top.

o0
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62

2o

Shale, black, well laminated. Plant remains rich.

=7 -

Yackestormepackstome-imterbedded with black shale. Abundant delicate, alga-like elongate grains. A con-
densed section(?). Gradational top. 5 cm thick.

Shale, highly calcareous, dark blackish gray to black. Laterally preferentially cemented. Gradational top

Shale, black, plant remains rich. Gradational top.

Sandstone, yellow greenish gray, m-c LSA/LW. Sharp top. o . .
Shale, silty, upper part, with vf sandstone and c-siltstone laminae, rich in plant remains. Sharp/gradational

top. This and underlying 2 beds are prodeltaiclembayment deposits.
Shale, black, thin to thick laminae, irregularly, preferentially cemented laterally. Gradational top.

Shale, black, papery, silty, abundant plant remains. Gradational top.

Sandstone, gray, well bedded, probable XRL, coarsening upward from m, ¢, to civc, LA, very well sorted.

Shale, siltstone, and vf sandstone interlaminated. Gradational top.
Shale, black, papery, rich in plant remains. Gradational top.

Sandstone, gray, thin interbedded m LSA and black platy black shale, thick laminated, moderately to very
calcareous, silty. Sharp top. Coarsening upward with underlying bed.

Shale, black, papery, probably plant rich. Gradational/sharp top.

May have 2 tuffs, one white, the other brick red, each 1-3 cm thick.

Shale, black, highly calcareous, very well laminated, thin to medium laminated, some ostracods, preferen-

Shale, black h . Switch ~50 m to west on the upper slope.

Sandstone, yellow greenish gray, m-c LSA, well laminated. Sharp/gradational top.

Shale, with a 3-cm thick tuff in lower part, dark gray/blackish gray, upward to gray. Sharp/gradational top.

Sandstone, lower part, gray to light gray, upper part yellow greenish gray, transitional. Lower part has more

Lstf61
Lsti60
Sharp top.
Lstf59
71—
= ¥
=&
70—
I==
= 29 tially cemented laterally. Gradational top.
N ——
Lstf58 S s
69
Lstrp7 +—
s7-F9 —+— _ The tuff is present in the next section to the west.
68

n
N

plant remains. Crude coarsening upward trend from f-m to m-c/vc, moderately well to well sorted, well lami-
nated. Sharp top. Coarsening upward from underlying bed.

06



Shale, dark to blackish gray, thin to medium laminated, variably silty and calcareous, plant remains
throughout and increasing upward. Gradational top.

66 —

Lstf56

Sandstone, interbedded with 2 layers of silty shale (dark gray, 20 cm in lower part, 5 cm in upper part).
Sandstone, greenish gray, well laminated, variable in sorting from very well to moderately well/poorly, LSA,
crudely coarsening upward from m to m/vc. Sharp top. Coarsening upward from the underlying bed.

Shale, dark gray to blackish gray, platy thick laminated, no plant remains seen, moderately to very calcar-
eous, friable. Sharp top.

Lstrp5

s7-F8 10 |.| Sandstone, gray, c—slltto vif sandslone very well sorted, well parallel laminated. Highly calcarecus and dense in places. Sharp top. Transgressive (?).
T biack-lo Icareous, dolomitic (?). 5 cm thick.

s/-f/ o) % Wackestone{pacﬁsmne gray, Ientlcular peloids and plSDIdS (?), altered. Uppermost 2 cm may be algal laminated. Sharp top.

] Shale, blackish gray, very well thin laminated, locally preferentially calcite cemented into massive tabular

Lstka 62 lenses/blocks. Oil smell.
t
- 2 Shale,-dark-gray,-blackish-gray, silty, plant remains rich.
= g Sandstone, yellow greenish gray, well laminated, laterally persistent. LSA to LA, m-c, no clear grain size
- trend, very well sorted and rounded. Sharp top. Wave reworked delta front facies (?).
61

60
Sandstone and shale interbeds, each 5-10 cm thick, sandstone increase upward, shale, silty/siltstone, dark
gray to blackish gray. Sandstone, yellow greenish gray, c LA/LSA, very well to well sorted. Sharp top. Coars-
ening and thickening upward overall.

Lllllllllllltll|

Shale, blackish gray, papery to thin laminated, upper to middle parts, very well calcite cemented. Organic
rich. Gradational top.

Sandstone, yellow greenish gray, m-c LSA/LW in lower 20 cm, fining upward to f, vf, c-silt, to gray, plant-
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rich siltstone, well laminated. Overall fining upward. Gradational top.

Shale, black, dark grayish black, papery to thin laminated, rich in plant remains. Sharp top.

Sandstone, yellow greenish gray, LA, m-c, very well sorted, rounded, slightly coarsening upward. Well lami-
nated and bedded. Sharp/Gradational top. Coarsening upward with underlying bed.

Shale, silty, black, interlaminatetljjv\{ith Cﬁ.—lrse siltstone, sub-mm to mm laminated. Comman plant remains.
ummysmmg'uapmm—er. adational top.
Sandstone, gray, Coarsening upward from R‘I—C to c, LA, well to very well sorted, rounded, common plant

remains, apparently CRL. Sharp top. Coarsening and shallowing upward from underlying bed.

Shale, dark gray, blackish gray, variably papery to thin laminated. Common plant remains throughout. Gra-

£6 =
E All the cycles in LCG are laterally persistent.
55 F=
E— dational top.
54 +—
53 1——

Sandstone, yellowish greenish gray, m-vc/c, moderately to moderately sorted, subrounded to rounded. Fin-
ing upward from m-vc to f-c, upward increasingly muddy, to gray. Gradational top. Transgressive.

Shale, dense, dark gray to bluish gray, thick laminated, platy, moderately to very calcareous, no plant
remains, mottled. Sharp top. Maximum regressive(?).

Siltstone, vf sandstone, well laminated, preferentially calcite cemented, in places, mottled, common plant
remains. Gradational top.

Shale silty, dark gray to blackish gray, papery to thin laminated. Coarsening upward to siltstone. Gradation-
al top.

Sandstone, yellow greenish gray, LSA/LW, coarsening upward to m-c, moderately well to well sorted, with
intercalated thin siltstonefsilty shale laminae. Sharp top.

c6
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top. Maximum transgressive.

Sandstone, yellowish greenish gray, fining upward from m-vc at base tom LA. Gradational fop. Transgressive.

Shale, black, sity, moderately to weakly calcareous, abundant plant remains, thin laminated. Sharp top.
Embayment, swamp.

Shale, silty, siltstone, vf sandstone, interlaminated, crude coarsening upward, abundant plant remains.
Gradational top.

Shale, dark gray to blackish gray, thin platy, very well calcite cemented, some ostracods. Gradational top.
Maximum expansion/deepening.

Shale, black, papery, abundant plant remains. Swamp. Gradational top.

Sandstone, greenish gray, vf-f LW, muddy, common plant remains, thin laminated. Sharp top.
Shale, blackish gray, to black, dense, calcareous, common to abundant ostracods, thin laminated. Gradational top.

Sandsfone, yellowish greenish gray, coarsening upward from m LA to c-vc LA, some peloids, well laminated.

Sharp top. coarsening upward from underlying bed.
Shale, black, upward to silty shale, siltstone, vf sandstone, moderately to very calcareous, common plant

Wackestone and black shale/silty shale interbeds. Limestone, thick laminated to massive. Peloidal to micrit-

Shale, silty, siltstone, coarsening upward, medium to thin laminated, local abundant plant remains on bed-

Sangstone, LSA, gray to :!ark gray, well laminated, intercalated with siltstone, abundant plant remains.

Shale, black in lower 50 cm, thin laminated to papery, upper part, siltstone, upward to vf LA, well laminated,

Interbedded thin sandstone, siltstone, silty shale, upward fining and thinning, upward increasing siltstone
and silty shale. Sandstone, f-m, upward to f, LSA/LW, well laminated, sparse to no plant remains, moder-
ately to very calcareous. Basal part with mm-cm rounded shale clasts.

Sandstone, yellowish greenish gray, LSA, well laminated, common plant remains, upward cleaner to LA.
Uppermost 5 cm m-vc LSA. Gradational, transitional top. Coarsening upward with underlying bed.
Shale, black, thin laminated in lower 20 cm, upward to silty, dark gray to gray, plant remains rich throughout.

Lstf47
s7-f6
Shale, black, silty, papery. Gradational top.
Lsty46
remains. Gradational top.
Lstift5
s7-f5 === A
ic, dark gray. Some algal plates. Sharp top.
Lstyd4
Sharp top. Coarsening upward with underlying bed.
abundant plant remains. Gradational top.
40 s
Lstft3 7 =
e e
Lz >

Y, sparse to common plant remains, silty/argillaceous, common/some algal
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Sandstone, yellowish greenish gray, LS A, m-c¢, moderately well to well sorted, laminated, some plant remains. Coars-
ening upward with underlying bed.

Shale, black in lower part, papery and thin laminated, dark gray in upper part, silty upward to
interlaminated with vf sandstone, one 5-cm thick interbed of m-c LSA. Moderately calcareous, plant
remains throughout. Sharp/gradational.

w
0w

IlllJII

oL Sandstone, LA, f, in lower part, upward to LSA with increasing mud, grading into overlying shale. Grada-

37 ahons tional top. Transgresswe
Shale, black, thin laminated, some ostracods. Sharp top.

Shale, thin laminated, very calcareous, commonly preferentially calcite-cemented to argillaceous lime mud-
. stone, some fish debris, some of them large (cms). Gradational top. Deepening upward from underlying bed.

Interlaminated vf sandstone, siltstone, silty shale, dark gray. Gradational top. Transgressive?

Sandstone, gray to light gray, very well laminated. LA/LSA, f-vf, coarsening upward to me, m-c, to c/vc,
well sorted, common plant remains. Uppermost 10 cm yellowish green gray, may be a transgressive lag.

IILLII

|
|
|
|
|
| |Lstpt
|
|
|
|
|
[

1

Lsufio

w
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|
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Shale, silty, siltstone, thin laminated, common plant remains. Gradational top.

Shale, black, thin laminated, locally concentrated fish scales on bedding plane. Gradational top.
Sandstone, yellowish gray, m-c LSA, well sorted, well bedded. Transgressive (7).

Lstrp9 34

Sandstone, LA, lower 30 cm, very well cemented, pale gray, f, very well sorted and laminated. Upper 10
cm, dark gray, vf-f, LA/LSA. Common to abundant plant remains throughout. Sharp top.

Shale, blackish gray, papery and thin laminated in lower 30 cm, upward to siltstone with abundant plant
remains.

Lstf38

Sandstone, yellowish green-gray, LA/LSA, m-c, well sorted, well laminated. Sharp/gradational top.

Lst}37 N e QHan.g.ray_tn.daLk_gLa.)‘,_thm.pl ty, well laminated. Sharp top
32 LA, greenish gray, well laminated, f, very well sorted. Sharp top.

Shale, black, thick to thin laminated, probably organic-rich. Sharp top.

Lsul36 N

Wackestone, gray, 3-4 beds, lithic, oolitic, and peloidal, argillaceous and silty with black silt. Sharp top.

I
= @
‘ ] Shale, blackish gray, lower part, thick to medium platy/laminated, upward to thin to papery, silty
‘ 31 2 throughout, rich in plant remains. Sparse to common ostracods. Uppermost 10 cm platy, thick laminat-
ed. Sharp top.

=¥

30

= v
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Lst]

Lstq3

Sandstone, gray, well laminated, shaley, f-vf, LS/LSA, abundant plant remains. Gradational/sharp top.

ty, to stltslone abundant plant remains. Sharp/gradational top. 5 em thick.
Sandstone, dark gray, peloidal in places, f-m, very well sorted, very calcareous, locally m-ve, poorly sorted.
Sharp/gradational top.
Shale, papery in lower part, thin laminated in upper part, upward siltier. Common plant remains throughout, upward to
siltstone. Middle part locally highly cemented into limestone(?). Oily. Sharp/gradational top.

Lsti]

Sandstone, yellowish greenish gray, very well bedded, thin 2-3 cm thick, possible x-beds, m LA, slightly
coarsening upward to m-c, very well sorted, rounded, some superficial ooids. Sharp/gradational top.

Shale, black to grayish black, papery in lower part, thin laminated and silty in upper part. Abundant plant
remains. Gradational top.

Sandstone, yellowish moderately well to well sorted, laminated. Gradational top. May be transgressive (7).

s7-
Lst

ndstone, yellowist ish gray. . m-ve, moderately well sorted, rounded. sparse ooids, diagenefically altered, thick laminated, May be capped by a thin 1-cm thick
highly altered micrite. Sharp/gradational.

Shale, dark gray, pure, moderately to very calcareous, no visible plant remains, thick platy. Probably organ-
ic poor (dark steel gray color).

Lsti]

Sandstone, yellowish greenish gray, m LA/LSA, very well sorted. Sharp top.
Sahel, black, abundant plant remains, papery to thin laminated, sharp top.

N
B

Sandstone and shale interbeds. Sandstone, greenish gray to gray, m-vc, poorly to moderately sorted in lower part, m LA and well sorted and
rounded in upper part. Sharp top.

Shale, blackish gray, abundant plant remains, upward siltier. Thin laminated. Gradational top.

Sandstone. gray, m. very well rounded and sorted, LA, common ooids, dense, very calcareous. Lenticular but persistent, 5-25 cm thick. Sharp

top. Littoral shoal.
Shale black sﬂtyto bundant plant ins, weakly cal thin laminated. Sharp.

g h gray, m-ve, moderately well to moderately sorted, friable. Sharp/gradational top. 5 cm thick.
Shale, black, papery to thin laminated, non to moderately calcareous, abundant plant remains. Sharp/gradational top.

Lsti

tightgray A e very wettsorted, rounded, CRL throughout. Very well laminated, moderately angle, small XRL and tabular x-

999 beds. Laterally persistent. Sharp top. Transgressive or reworked.

Shale, blackish gray to grayish black, papery to thin laminated, variably non to very calcareous, abundant
plant remains throughout. Local silt laminae. Overall siltier upward. Sharp top.

Lstr]

Lstr]

Sandstone, yellowish greenish gray, LSA, m-vc, moderately well to well sorted, friable. Sharp/gradational
top.

Lower 20 cm, black papery shale; upper 20 cm, thin to medium laminated dark gray to blackish gray shale, silty and siltstone, abundant plant
remains, moderately calcareous. Gradational top.

Micrite, black, intercalated with black shale, some highly altered peloids. Oil smell after acidification. Later-
ally persistent. Sharp top.

Sandstone and black shale interlaminated/interbedded. Sandstone, yellowish greenish gray, m-c. Gradational top.

Shale, black, common plant remains, moderately calcareous, medium well laminated, silty. Dolomitic(?), gradational top.

Switched to W for ~100 m on lower slope.
Sandstone, vellowish greenish gray, LSA/LA, m-c, moderately well to well sorted, very calcareous, well

S6



|1 [ | Ts |: |: |:|: bedded.
! 1 l 1 ! Lst25 o ] qi Shale, black, medium well laminated, noncalcareous, abundant disseminated plant remains on bedding plane. Deepening upward with under-
i " | ; ; i E ; ‘green-gray, f, scattered c-vc sand grains, well to very well sorted, well rounded. Sharp
B | N top. Transgressive.
[ . | =
: } | } : En : 1 : ol Ee Shale, very calcareous, dark gray, silty, siltstone, abundant disseminated plant remains. Sharp top.
[N | Lsup4 18 e Sandstone, yellowish green-gray, m-vc, moderately to moderately well sorted, well rounded, friable. Sharp/gradational top.
YRR | -E ¥ Shale, very calcareous, or argillaceous micrite, finely/sub-mm laminated, some to abundant disseminated plant remains. Sharp top.
) | ey Sandstone, greenish gray, f-vf, LSA, well sorted. Sharp/gradational top.
N I I &2 Conglomerate and conglomeratic sandstone, upward to sandstone, brownish gray, upward to gray. Sand-
I | stone, m-vc, moderately to poorly sorted, LW/LSA. Conglomerate, clast granule in size (max. 5 mm), well
N I | sorted and rounded. Uppermost has rare plant imprints. Base is sharp, may or may not be erosional.
N I I 1 Sharp top. Shoreline pebbles or fluvial deposits (?).

o .
N sups OO TIET
g I . o yellowish gray, LSA, f-m, Sharp/erosional(?) top.
T 1 1 Ej L T ypp————— ly A s limestone, thick laminated, dark gray, common to abundant plant remains, also floating oil (contradictory evidence, oil

v came in later?). Sharp top.
|1 Lstpo o] ndstone, yellowish greenish gray, LSA, f-m, well sorted and rounded. Sharp top.

| | | 16 ] Micrite, gray, highly altered. Sharp top. 3 cm thick. Shallowing upward with underlying bed.
| | | Shale, blackish gray, silty to siltstone, vf sandstone, common to abundant disseminated plant remains on bedding plane. Deepest facies. Sharp

. top. 7 cm thick. . . .
A I - Sandstone, yellowish green-gray, f-m, well laminated. Sharp top. Transgressive (?).
[ . |

D
| |Lsti] s Micrite--blackish-gray-highly-aliered—A-single bed. 5 cm thick. Sharp top.
|
: } | } } : 15 | LA/LSA, Vi, to siltstone, gray, well laminated, slightly coarsening upward to f, and upward to yellowish
N | N greenish gray.
[ I | |LstrR0 ]
I I ||s7-F1 B o A shale-limestone cycle similar to the one below. Sharp top.
L T 1T 1T 1T 1T

(A I Hiseo |, LT rosg
[ L I = Micrite, flabby, dark gray to blackish gray, floating oil patches common, lower part, thin laminated, upward
R | ] to thick laminated to thin irregularly bedded.
I T HNistfig 7 Shale, blackish gray, well thin laminated, common disseminated plant remains.
U ! N Sandstone, greenish gray, well laminated, LSA/LA, f-m, very calcareous. Transgressive or progradational.
N | g gray, ry 9 prog
Y | 133 Shale, silty, dark gray, very calcareous, well laminated but not papery.
(I | 1
[ | ]
[ | —
NNy’ I|Lstf17
T T t 1 - — A icritic, dark gray, fleating oil residues. 5 cm thick.

e o @ . - . . -
N | 12 e Sandstone, LW, intercalated with dark gray shale 2-4 cm thick, some peloids and ooids in upper part, well
N | iSASAEAS laminated.
(A | i e
: } : } : — Shale, black, papery, common plant remains on bedding plane.
| || | || Lstf16 14— &
1 DB I1s/7-Y0 B @ ] Mlcrﬂe, Jark grayio Blackish gray, algal laminated, laterally linked small stromatolite.
| | | B Micrite, grayish black, some oil residues after acidification. Gradational top.
[ . | Lower part 20 cm, interlaminated black shale and greenish shale, and gray f sandstone. Upper part, silt-
[ | ] stone. Top 10 cm, grayish black sandy shale with common plant remains on bedding plane. Sharp top.
[ | Deepening upward in lower two beds, then shallowing upward.
[ | 1 10
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HLstf1s

Wackestone, greenish gray, silty, peloidal in lower part, micritic, slightly silty in upper part. Single persistent bed. Sharp top. Shallowing upward
with underlying bed.

Sandstone, greenish gray, coarsening upward from silt, vf, to f, very well sorted, quartzose, very well sorted.

thin to medium well laminated, moderately calcareous.

Shale, black, papery, probably organic rich. Gradational top.

Micrite, a single grayish black, crystalline bed, altered. Depositional or diagenetic (?). Sharp top.

Sandstone, reddish gray, c-vc, granular clasts, moderately well sorted, some limestone clasts, very calcar-
eous. Laterally persistent. Sharp top. Coarsening upward from underlying bed. Delta front.

Sandstone, gray, coarsening upward from c-silt, vf, to f sandstone (LA), very well sorted, weakly to moder-
ately calcareous, very well laminated. Sharp nonerosional top.

Shale, silty, blackish gray to dark gray, common plant remains.

Siltstone, coarsening upward to f LA (dominant), very well laminated, some beds peloidal. Abundant dis-
seminated plant remains on bedding plane throughout. Distal delta front to proximal prodeltaic. Beginning

Lstf14
s7-69
|s7-68
4
_1-"'-"'-"1‘(
|
3] y
.
Lsefis ] ¥
_ Sandstone, gray, f-m, very calcareous, very well laminated. LA.
2
. of a relatively wet interval.
] r ﬂ
1 /
Lst]12 . ¥
s7-67 iraEn o

® ﬁacEsionehralnsfone‘ Thic, ooltic, very well sorted, m-¢, similar to below. Sharp top.

L6



Sandstone, peloidal, m-c, similar to below. Sharp top.

well to very sorted, peloidal. Sharp top. Coarsening

Sandstone, vf, greenish gray, well laminated. Gradational/sharp top.

Packstone/grainstone, lithic rich (30-40%), ooids (40%), peloidal, skeletal. Well bedded, persistent bed. Sharp top.

Sandstone, greenish gray, well laminated and bedded

upward with underlying bed.

98

-c, moderately to weakly calcareous, well bedded

m

s

Sandstone, peloidal at top, coarsening upward from f

and laminated. Sharp top.

96




E 'I: Lower part ~20 cm, LA, c-silt to vf, upward to well bedded, f-m LA, well laminated, moderately to weakly cal-
careous. Sharp top. Coarsening upward.
90
Lstf8 89
on g YACRESIONE, MNTC, COMMIC, pelordal, altered. Single persistent bed. Sharp top. Shallowing upward with underlying bed.
T ® Sandstone, yellowish greenish gray, plane bedded, CRL, LA, m-c, very well sorted, well bedded. Upper part
B scattered ooids and peloids. Sharp top.
] —~
87
p7-#0 ]
sty = dded, lith idal and peloidal
1 PAcKksionewackesione, well bedded, lithic, pisoidal and peloidal.
] [sTa] ©
86— o
] LX) Conglomerate and c-vc sandstone LA, lower part is plane bedded conglomeratic c-vc LA. Upper part 50
] S cm, tabular x-bedded, granule-fine pebble conglomerate. Sharp top.
- Attitudes of forests: N27E, 270 dip, N46E, 350 dip; N39E, 350.
85— -
p7-BS ]
Lstip ]
ST D3 —= Conglomerate, granule to pebble size clasts, c-vc sand matrix, massive, clast supported, probably dis-
:ggggggg torted beds. Overall coarsening upward from pebbly siltstone to f-m sandstone in basal 10 cm. Some
Lododad Masts imbricated. Sharp top.
Ealayabalslsle
peleyolele el
83— T
] Shale, silty, siltstone, very well laminated. Top is sharp/gradational, distorted. Deepening upward from
] underlying bed.
Lstd5 Sandstone, greenish gray, well plane bedded and laminated, some ooids and peloids, very well sorted and
s 82— =@ = rounded. Sharp top. Transgressive g‘?).
= Trrrrrion . (0)  Packstone/grainstone, pisoids. 1 cm thick.
,‘é,‘ Sandstone, greenish gray, well plane bedded, very well laminated, peloidal, interlamination of f-m and c-vc

66



] @Q@La very well rounded, moderately well to very well sorted. High energy winnowing
81— o
Lstit 1
— C preoT=t . vc sand to granule lithic grains tend to be more concentrated in top 1cm. Laterally persistent. Sharp
- Lstr3—] X Pefold ai sanéstone greenish gray, well bedded, sharp top.
s ]
112 A O asa cm, calcareous peloidal sandstone, overlain sharply be a 2-cm thick pisolite. Sharp top.
2 Basal 10 | Ioidal sandst rl harply be a 2 thick lite. Sharp t
= s7-64 @ sal 10 cm, pisclites with imbricated fine pebble and rip-up clasts at basal
- é cm, gmnule to 1-cm size pebbles. Some blackened pisoids throughout,
80— 57—63 - rounded and algal coa -3 cm in diameter. increasing toward the top.
- 738 o Upp%r ﬂhJ"crréﬂ peu\r?\(‘la\ ﬂedngedr;elﬁ\\ye{alffr}ad W\d|h|mﬁl r?t\ﬁ‘n silt, sgarse
a - n isoids. Middie part, locally sandy as peloidal sandstone. Lithics
_ p @}:ﬁugmul Sha‘l)\owmg up\'(uard in Ihlspm(erva\ and with undeny\ng beds.
] arp top.
— Shale, greenish gray in lower 20 cm, coarsening upward to silty shale, siltstone, vf sandstone,
— and f-m sandstone in uppermost 30 cm. Well thick laminated and bedded. Some 3% peloids.
— variably non- to . Sharp top. D upward.
B s7-62: basal part of the interval
79— 1 P
T ’l
b '
B /|
. |
] |
b |
B .|
- b
: /
78 — o
B o
i |
a |
1
B ]
— |
; ]
774
] Previous (2007) base of LCG. May be lower at this
- location ~20 m to the west of the starting point in 2007 5; 86
() _Lower part conglomerate, pebble to @ @ Cenglomerate dark gray, clast supported. plane beds. 1-5 cm thick, sol
g, Ls cxc. gl g ELTEELE: o 0 Seir buleiis Gl vk 6 ibe sl
upward. Overlain by a 20-30-cm thick == moderately well to moderately sorted, well ro pper part 4 cm,
T10-14 calcrete layer, then by ~50 cm thick ] pisoids, 2% mm in diameter, probably algal onaied ‘reverse or normal
7 LW, f-vf, muddy, with floating black- ':} ':3' {:. ':} I:} graded 2-3 beds, each ~2 cm thick, core of isoids is very well rounded,
ened granuies, mud matix maybe B By eror ?S"eés"s‘amaﬁrﬁﬁﬂﬂé’"e‘ﬂ" o an
calcitic. Very peculiar “tgs‘ggy ghfu p7'34’37¢' pelelelelele m&s‘t e\aporaéut\:r: oogd ition dBe& to) 1~ I 0 cm, sa‘nme sk%a\e‘la\ anld
ermost part is ca a5-10- ey oidal grains. Scatiered rounded to equant 1-3 cm Calcific nodules in lower
Eﬁsﬁ = pa s ; 1a- o Cr= = = O R part. Transgressive shoreline pebbleqs Sharp, flat, persistent top, as maxi-
ceous li slone 2 meters abm.e the SRS IETE] mum transgressive surface.
top of the last bed. Sample oriented
for paleomag by John Geissman g g g g g g g @
Lstr] epetelebe Lole
‘Conglomerate, Brownish gray, Coarse pebbﬂes S/-59 iy G gray to greenish gray, in the upper 10 cm, c-ve, moderate-
to coarse sand, well rounded 1o very wi T is Chan L P ly well sorted, LA/LSA, downward change to f-pebble to pebble (max ~10 cm in size)
rounded, low clay and silt content, well ,mbm conglomerate, clast supported. Tabular lentils of calcite deposits, 5-20 cm thick, par-
cated, large tabular calcrete beds ~30-40 t} Cl l:::l -:::u n::. l::l allel to bedding plane in upper part (groundwater calcite?). This is the uppermost
thick (10 m laterally persistent). Fines upward oo braided stream cycle in DHY. Gradational base. Sharp top, slightly concave (~5 em),
where gravels are less common but the lithal- 3 o as the first transgressive surface of LCG Formation.
BGy ST TBpresents a clast supported con-
g y y upp .::, .:::, .:} q} C' .:::, 43014'45.0"N, 89003'11.9"E, elevation 1523 m. Attitude, N17E dip
T1 071 1 c . fine pebble to granule, clast Cnin o e Do direction(uncorrected), 440 dip angle.
supported, very well imbricated, and LA/LSA,
c-ve, gravelly, grades upward to LA, c-ve, L. J
green, well sorted, very well bedded, moder- E‘ﬁﬂg 8 (;’3 S8
ate-high angle tabular x-bedded in lower part, <
low-angle tabular x-beds or planar x-beds in
upper part. 2 calcrete beds, 10 cm thick each
inthe middle. Erosional top. Maybea
. beach
LCG- U DHY low-order cycle boundary

ﬂﬂlﬁlﬁﬁ Y

00T



APPENDIX D
SW TARLONG SECTION



(]

Conglomerate, yellowish gray, pebble to cobble, clasts rounded, apparently large scale tabular x-beds, clast supported. Sharp top. Delta front

e
i

36

LA, gray, greenish gray, with intercalated cm thick purplish gray siltstone tn f LW. Well planar and tabular x-bedded. c-vc, granular, well to very well sorted, subrounded to
rounded. Comman and locally concentrated heavy minerals. Sharp top. V delta front or

35

lower part. dark purplish gray, siity, well thin laminated with common plant remains. Upper part. gresn, pure, very calcareous, well thin laminated. Sharp top. Deepening upward (7).

34

e

(%]

LA, greenish gray, well laminated and bedded, interlaminated c/ve and mic beds, well sorted, subrounded to rounded. Sharp top. Lakeshore or wave-dominated delta front
@ B09-10: tuffaceous wackestone to mudstone, brick red, ch wellscned round-subround, equant to elongate grains, pitted surfaces, alignment and imbrication of

elongate grains. Normal grading; cross and climbing ripple , vi-f, euhedral to Plants, stick-shaped, vf-f; minor shell
b09-10 w lu’?g ments. Ma“l.x %&iﬂﬁrﬁa’r&d cli&w%”énhy micritic recrystalization; matrix Innreues up to 98%. Minor isopachous calcite cements.
LSA, dark purp\ish gray, f, fim, i I top. Deeper er fr

(%]

onglomerate, clast rich, Iahra\leurslnonl Sharp top, Shoreline pebble or op lag of a reworked deka front
LA, reddish gray, c-vc and granular, very well sorted, subrounded to round, well planar and tabular x-bedded, no clear grain size trend. Sharp top. Athick lakeshore deposit
or a thick highly wave-reworked delta front deposit.

33

32

LSA-LW in lower 30 cm, upward to coarsening-upward granular-pebble conglomerate, purplish gray, clast clasts y igneous, rare f-m clasts
(also present in delta front deposits of underlying several cycles). Sharp top.

31

S

30

Shale, dark greenish aray. upward to greenish gray, pure to ulty modaramy calcareous, very well thin laminated, fissile, common plant remains, rare ostracods. Grada-
tional toj

B09-8: (hand sample only) shale, gray, blocky-round, minor concostracons, carbonized with growth lines. XRD: quartz,
calcite, albite, (anorthite)
Shale, siltstone, silty shale, lower 15 cm, greenish gray, changing to dark qray siltstone and silty shale. Upper part, blackish gray to grayish black, silty shale, with abun-
dant carbonized plant remains, rare ostracods, well thin to thick I with thin vf laminae. L 2 em thick mic LA, moderalely calcare-
ous. Sharp'iradnllenll Iur
(-] B09-7: lithic wacke, silt-vf, well sorted, angular, tapered grains, pitted surfaces. Cryptalgal laminations, overiain by thin, dark, organic-rich laminae. Laminations are fining up
&2 with internal erosional surfaces. Sub-mm and cross with plants, elongate, 0.1mm-0.5 mm, aligned parallel to bedding. Crudely coarsen-
ing up in hand sample mam silt-c to silt-vf. Matrix is argillaceous micrite (or m:nuzed mud), 1-8% Thin, isopachous calcite cements. Abundant red clasts and replacive clay.

XR a\uﬁs HE}W“ Jﬁ rél”r’u%‘%’{g f’!‘g\’ﬁl ™ lﬂéuf"%ed'dwmi ﬂ: very well sorted, subrounded to rounded. Many cm long plant stick imprints on bedding plane in

upper f-uf LA(BD9-7: Gndatlonultop

B e s o [ I R

g | )

o 3 I A

=
(2]
=
—
I

fshale, greenish gray, platy to blocky, sharp angular blocks, Non-uniformly sandy and silty, dense, moderately calcareous. Sharp top. Probably pedogenically
altered.

LW, dark purplish gray, dark olive, thin beds, f-ve, very poorly sorted, some carbonaceous (7?) partings. Overall fining upward. Some sandy shale laminae. Sharp top. Delta

0]



LSAto LA, reddish/purplish gray, coarsening upward from m, mfc clve, to mhhle-pebhle conglomerate in the uppermost, well thin berlded sandstones, planar and tabular x-
beds, moderately to moderately well sorted, angular t rounded. G p. Ci upward with lying bed. V delta front.

Shale, green, lower part with purplish gray streaks of siltstone and silty shale, slightly calcareous, pure, scattered carbon films of possible plant remains and fossil debris,
no ostracods. Very well thin laminated. Sharp top. Profundal to prodeltaic.

LAILSA, yellowish gray to purplish gray, thin well bedded, sngrmy coarsening upward from fim ta m, sarting slightly better upward, moderately well to well sorted, sub-
&‘9 rounded to rounded. May be x-bedded top. Le gy thick trai deposits.

Lower part, LW/LSA, purplish gray, m-c, less muddy upward, thin beds. Grades upward to LSA, LA, coarsening upward
from c to vc and granular with scattered pebbles and rare cobbles and boulders. Upper part, moderately well to well sorted,
935’) subrounded to rounded. Uppermost part, pebble to cobble conglomerate lenses common. Overall coarsening and thicken-

Gocs0a80080aa0580Y
0050550505560

ing upward. Well bedded with planar and tabular x-beds. Sharp top. Wave-dominated delta front.

Siltstone, gray, thick laminated. Sharp/gradational top. 2 cm thick.
LSA/LA, purplish gray, c-vc, granular, sparse discrete solitary burrows, 1 cm wide, ~10 cm long, subvertical. Well sorted, sub-

5
: 'y' angular to rounded, well medium to small tabular and trough x-bedded. Sharp top. Wave-dominated delta front deposits.

LWILSA, purplish gray, coarsening upward from fAf to mic, thick laminated, moderately sorted. Gradational top. Distal delta front (7).

Siltstone, vi LW, purplish gray. platy, thick laminated. Gradational top. Proximal prodeltaic or embayment fil. § cm thick
ick

7]
=
—
I
7
=

L, pnkish gray, m-c, well sonted, 1-2 thick laminae. Shar top. Transgressive. 3 cm thicl

LAMLSA, yellowish greenish gray, well tabular x-bedded, some trough x-beds. Crudely coarsening upward from m/c to c/ve and granular, well sorted, subrounded to round-
ed, calcareous, well reworked. Uppermost 30 cm, LW/LSA, grayish purple, m-c, moderately to moderately wel sorted, some purple mud chips, laminated, as lower delta
plain depostts. Overall lenticular form in <100 m with concave base and convex top. Sharp/gradational top. Wave-dominated delta front deposits.
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Shale, yellowish green, sandy and silty, highly well laminated onal top.

Shale, lower 20 cm purplish gray, silty. Middle and upper parts, pure, gray to dark gray, well thin bedded, rare to no ostracods. Sharp top. Profun-
dal to prodeltaic,

-

(7]

LSAILA, yellowish green, f-m, thick laminated. Gradational top. Transgressive.
Sandstone and conglomerate, reddish and purplish gray, thin to thick beds. Overall coarsening and thickening upward from m/c to vc and

= granular. Pockets and lenses of cobble-pebble conglomerates 1-10 m long, laterally ::mmgmg 1o sandslone. Planar and low-angle tabular x-
beds. Some wave forms 10s cm long, possible HCS, or broad (more likely to be HCS) in upper part.
Few cobbles of purple shale mud balla, Latecally persistent for ~100 m. Uppermost 10 cm dark graylsh purple f.on LW & delta plab deposis.
Sharp top. Wave-dominated delta front deposits.

LW, grayish purple, coarsening upward from fim to m/c, thin beds, moderately sorted. Distal dekta front.

e H -
I
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Lower part, coarsening upward from f to fim LW, thin beds, thick laminated, grayish purple. Upper part ~15 cm, LSAILA, c-vc, granular, medium beds,
may be slightly reworked delta front sandstone. Sharp top. Distal delta front and prodeitaic.

B09-6: (hand sample only) vf-sandy to silty LSA-LW-shale, red. XRD: quartz, albite, hematite, montmorillonite
Shale, purplish gray to grayish purple, platy, pure in lower part, uppermost silty Gradational top. Prodeltaic.
4 Shale, greenish gray, pure, sparse 1o locally concentrated ostracods. Sharp/gradational top. Maximum expansion deposit.

LAto LSA, c-vc, granular, gray to grayish purple, well thin bedded, moderately well to well sorted, subrounded to rounded, many red mineral
cements. Alternating c-vc to c-m LA and LSA beds. Lakeshore and lakeplain oscillatory shoreline deposits. Transqressive reworking of delta front

€0T



deposits. Sharp top. N16W/42

Conglomerate, coarsening upward, similar to those below. Uppermast 1 m is moderately to well cemented,
probably caused by later lake reworking. This and underlying 2 conglomerates are stacked deltas and are
laterally persistent for ~100 m. No channel forms are present. Sharp top.
B09-5: (hand sample only) vf-sandy to silty LSA-LW-shale, pink-red, ostracods. XRD: calcite, quartz,
albite, montmeorillonite

163
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§§§§§§§§§§§§§§§§3 Many stacked deltas, contain abundant {coarse) clastics indicate perennial, large stream inflow to an overfilled lake. Perennial inflow
£532293508008% indicates positive net precipitation, and plant remains indicate vegetation. Abundant siliciclastics indicates high sediment yield and trans-

emmmmm; port under seasonal conditions in a subhumid-humid climate. Stacking of deltas is aggradational, which requires rapid basin subsidence
53358
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Thick intervals of abundant, coarse clasts indicates rapid source uplift Decrease in clastics upward in favor of thicker prodeltaic shale
deposition may indicate a shift in environmental conditions, such as slowing of source uplift, or increased climatic humidity, or switch to
a more balance-filled lake. However, this may more likely be an autogenic process such as delta lobe switching
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Conglomerate, pebble to cobble, coarsening upward, poorly cemented, similar as that below. Sharp top.
Coarsening upward with underlying bed.

Shale, sandy, muddy LW, f-c, platy, laminated, poorly to moderately sorted, purplish gray, 0-30 cm thick as a 5-m long lens. Gradational top.
Distal delta front deposit.

Conglomerate, reddish gray, poorly clast pebble to cobble, to clasts. C ing upward from
granule/fine pebble to pebble to cobble. Sham top. Delta front deposit

Shale, purplish, olive gray, pure to silty, platy, laminated Sharp top. 5 cm thick. Maximum transgressive deposit.

Sandstone, pinkish gray to purple, c-ve, poorly ably well sorted, st to rounded, well thin bedded
and Sharp top. Coarse uward w:m undedymg bed. Lakeshore transgressive deposit (7).

Wi sandy shale, purple gray, laminated. Litto

Conglomerate, gray, pebble to cobble, well rounded, uppermust 5 cm well cakcite cemented (paichy). Laterally persistent for ~100 m. Clast sup-
ported, minimal matrix. Sharp/gradational top. Shoreline pebbles.

LAJ/LSA, purplish gray, plane bedded, XRL, thin well bedded, c-vc, granular, subrounded to rounded, moderately well to well sorted.
Sharpigradational top. Transgressive deposits.
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hale, sandy, muddy LW, thick laminated, grayish purple. Sham top.

LSNLA greenish gray, well thin beddsd cve, well sorted, tost to very calearecus. Sharpigradational

depo:
Shals ssndy silty, sittstone, muddy LW slightly coarsening upward, platy, thick laminated. Sharp top. Littoral to lakeplain deposits during con-

Shale, gray, pure, platy, some ostracods. Sharp/gradational top. Maximum transgressive deposit.

LA/LSA, brownish gray, very well laminated and thin bedded, f-c, moderately well sorted, subrounded to rounded, laterally persistent, very calcare-
ous. Sharp top. Transgressive lakeshore to littoral deposits.

Shale, sandy, LW, muddy LW, grayish purple, overall fining upward, thick laminated, possible XRL, possible
fish scales. Sharp top. Littoral to sublittoral deposits.

SA, yellowish green, c-vc to o/m, rounded to subrounded, moderately well to well sorted, slightly granular. Gradational top. Lakeshore transgres-

Shaigepueiish gray Lo grayish purple, platy, well laminaled, pure, noncaldareous. Snarp top. 'SuBlral deposit

TST

LSA, grayish purple, f-vf, well bedded and laminated, probable XRL, variable mud content, well sorted. Sharp/gradational top.
Fining upward with underlying bed. Littoral deposits.
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B09-4: lithic arenite, vf-ve, poorly sorted, round-well rounded, equant to elongate grains, smooth to pitted surfac-
es, tangential and concavo-convex contacts, alignment of elongate grains. Contains similar red mud chips as

B09-3. Matrix is 1-4%, arﬁillaceous micrite, with significant (3-4%) isopachous calcite cements.
LAJLSA, pinkish purple to grayish purple, fining upward from granular c-vc LA to f-m very well sorted, rounded, small tabular and trough x-beds,
;.= and XRL throughout. In places, some shaly partings. Sharpigradational top. Lakeshore deposits.

LW, muddy LW, sandy shale, purple to purplish gray, well thin bedded to well thick laminated. At base a 5-cmc-

vc LA/LSA, maybe initial lakeshore transgressive deposit. Poorly sorted, f-vc with granules, locally abundant

mm-size mud clasts. LW, thin, 5-10 cm beds. Dominantly muddy LW. No clear grain size trend. Lakeplain sheet
= flood deposits. Contain at least 2 cycles (or 3-4 thin lakeshore-lakeplain amalgamated cycles). One cycle has a

10 cm shoreline pebble, the other shoreline shingles, 10-20 cm thick, c-vc LA. Sharp top.

B09-3: lithic arenite, silt-gravel, poorly sorted, round-subround, equant to elongate grains, pitted grains with tangential contacts. Lithics are 65%
mud rip-ups, red, cakcareous, elongate, 1-2mm, aligned parallel to bedding and decrease upward: 30% igneous, equant, rounded, 0.1-6mm.
Quartz, 1-2%, are vitreous, 0.2-0.6 mm, round. Minor to rare plants; rare fish scale? Matrix is 1-7%. argillaceous micrite, or patchy micritized silty
mud. Matrix is increasing up from 0-15%. Isopachous calcite cements with obtuse crystal points.

LA-LSA, grayish red, with red mineral cements, large-scale tabular x-bedded, some thin conglomerate lenses, c-vc granular, dense, very calcare-
ous, well sorted, subangular to subrounded. No clear grain size trend. Sharp op. Braided stream deposit.

Conglomerate, reddish gray, cobble-pebble, clast supported. Fining upward. Basal pockets of channel lags, middle to upper parts, crude large-
SEAIS (ADCIar % bods, wall mibricated dasts, raunded 1o sUbfoUNdEd. Shamop. T o pper p g

i 82232882232882333% >9>>
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LSA/LW, grayish purple, well laminated and bedded, thin beds. FiningI upward from conglomeratic c-vc to f-m,
moderately well sorted, subangular to subrounded. Rare cobble-pebble conglomerate lenses. Erosional top.
Braided stream deposit.

200

Conglomerate, reddish I?ray. imbricated and bedding Farallel cobbles and pebbles, subrounded to rounded.
Clast supported. Overall fining upward to conglomeratic sandstone in uppermost part. Gradational top.

Conglomerate, pebble-cobble, gray, vc sand and granule matrix. Clasts mostly parallel to bedding gsltane, sub-
rounded to rounded. Clast supported. In places, a 30-40 cm thick dark purplis! [?ray shale, silty, siltstone in the
ugper pa'[lt as ﬁloﬁf plain to lakeplain deposit. Erosional top with a 50 cm relief. Distributary channel fill or braided
stream channel fill.

4 Coarsening upward from LW/LSA, m, purplish gray, XRL and CRL, thin bedded, to c-vc LSA/LW, to granu-

w2ici  lar conglomeratic LSA. Also thickening upward. Sharp/erosional top with a low relief from 0-40 cm. Coars-
> ening upward from underlying unit. Distal delta front to delta front proper.

P

Coarsening upward from siltstone and silty shale, purplish gray in lower par, siltier upward. Upward to ~20 cm of vf-f LW-LSA, CRL. Distal defta
~ frontdeposit

LSA, f-m, gradational top. Transgressive deposit

‘Another deepening upward cycle similar to below. Sharp even top.

Fining upward. Lower part, LSA, f-m, yellowish green, thin bedded, CRL and XRL, moderately well sorted, later-
ally persistent. Gradational to the upper part, siltstone, very fine LSA, silty shale, grayish purple to purplish gray,
well laminated. Sharp and even top. Another deepening-upward lakeshore to littoral cycle.

SOT



Shale, silty, sandy, siltstone, very fine LW, thin laminated, grayish purple. Sharp even top.

Fining upward from conglomerate in lower 20 cm, granular, upward fo 10 cm of c-vc granular LSA, very calcareous, to c-m to m-f LSA, thin
bedded to well laminated, moderately calcareous, moderately well to well sorted, subrounded to rounded. Gray to yellowish green to purplish
gray. Gradational top. Basal conglomerate is reworking of underlying delta front deposits, as transgressive deposits, upward decreasing energy
and deepening during lake expansion. -
23 5W/32 (average of N27W/36 and N20W/28) Switch to west for ~50 m along ridge line. )
Multiple fining and coarsening upward sandstone and pebble-cobble conglomerate, common internal
sharp, truncational, and reactivation surfaces. Individual beds 10s cm thick. Overall convex top, lenticular
(0-3 m thick, 50-100 m long). Sandstone-rich intervals well planar and tabular x-bedded. Few convolution
structures. Sharp even top.

~50 m along ridge line to the west, the lower sandstone-rich interval thickens to 300 m. The
upper conglomerate-rich interval contains another cycle in the uppermost 899 cm. The 300-cm interval is

overlain by conglomerate and LW of delta-plain of 226 cm. The upper 99-cm cycle has a ~30-cm thick

transgressive LA and granular conglomerate at the base, ~40 cm thick sandy and silty shale in the middle

and 29 cm of cobble to pebble conglomerate. The total thickness is 625 cm. The lower cycle is

5C000a00000a000000
98583805000000950

53885809885 8098%:

j0+225=526 cm thick. The upper cycle is 89 cm. The 2 cycles amalgamate into 1 cycle in the east.
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LW-LSA, reddish gray, well laminated, coarsening and thickening upward from f/m to c/vc, locally conglom-

erate lenses, moderately to moderately well sorted, subrounded, parallel to CRL, weakly to moderately cal-

careous. Upper part, tabular x-bedded, some HCS. Lower part, intercalated with thin sandy shale. Red min-
eral cement of unknown mineralogy is responsible for the red-gray color. Gradational top. 100-300 c¢m thick.
Distal delta front.

shift from fluvial to thick profundal deposits = rapid deepening,
tectonic movement probably not climate. instantaneous. spill
point uplift, basin subsidence

Shale, sandy and silty with thin sandstone laminae, dark gray, thin to thick laminated. Sharp/gradational top.

Shale, gray to dark gray, well thn laminated, no ostracods, pure, weekly to moderately calcareous. Profundal to
prodeltaic. Sharp/gradational top.

B09-2: (hand sample only) shale, gray, minor silt, ostracods. XRD: quartz, albite, calcite, (muscovite, montmorillonite)

° Shale, lower 20 cm, yellowish gray, upper part gray to dark gray, pure, well laminated, upward increasing
amount of ostracods. Sharp/gradational top. Maximum transgressive. Profundal.
©  B09-1: lithic arenite, vi-c, m-w sorted, subround-round, equant, smeoth-pitted grains with tangential contacts, minor imbrication. Normal grading in thin sec-
tion (vi-m to f-f), sorting increase upward (m-p), and mcreased mud upward (2-4% to 7-8%). Large burrow(?) in hand sample. Lithics are dominantly mud-
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vty Conglomerate, grayish red,
LW, gl meratic, dark purple, high 1020 am thick cobble to pebble with boul-

Erusional paleascl ders in lower 40 cm, gran-
NI SVWIZS (85 31 G618 Of NETWWIZS 60 NITWIZ).

ule dominant, clast support-
ed, well imbricated,

extrusive ignecus clasts,
angular to subrounded. Fin-
ing upward to pebble con-
glomerate and gravelly c-vc

Mudstone, sandy, muddy LW, m-c, dark purple, mottled, blocky. Erosional,
shallow, broad top.
LA/LSA, grayish red to reddish gray, well bedded, laterally persistent, well

90T



shifted down section for ~33

m).

accretionary surfaces and multiple internal erosional surfaces
Transgressive shoreline pebbles.

ic lithic arenite to sandy conglomerate, fine sand fo rare cobbles, large

tabular cross bedding,
Conglomerate, gray, pebble-cobble, crudely coarsening upward. Upper part, knobby, apparently

algalmicrobial coated (photos). Sharp top.

shown by ~5 cm thick pebble rich layers which grade up into lithic arenite.
Lower part, conglomerate.

O

cobble-pebble dominant, and LSA, c-vc, gravelly, interbeds.
well stratified, intercalated with conglomerate lenses,

grayish red. Sharp top. Braided stream.

Upper part, LSA, c-ve, gravelly,

m-c, siltstone, vfif LSA, purple, pink, greenish gray,

moderate imbrication. and LSA, c-vc, large x-beds,
with lenticular conglomerate as scour-fills or small (2-10

r,

Lower part, 1-2 m of conglomerate, cobble to pebble with rare boulders, reddish brown,

massive, subrounded to angulai
accretionary surfaces and intemal erosional surfaces.
Middle part, LSA, gravelly c-vc

m wide) channel fills.
Meandering or coarse meandering stream.

Upper part, 1.5 m, interbedded LSA,
and gray, as overbank deposits.

Erosional top.

107

well bedded and sorted. Upper part a 10-cm thick well

LA/LSA, grayish red to purplish gray, mottied on top. Crudely fining upward from c-ve,
Shale, green, silty but dominantly pure. Uppermost 20 cm abundant iregular, equant

granular LA to m-c LA/LSA,
laminated siltstone. Erosional channel base with ~1 m relief. Regressive littoral.




imestone nodules, Torming several (3-4) QiISCONTINUOUS 1-Z CM tiCK layers. Maximum
expansion. Maximum expansion.
Arenaceous limestone or more likely, calcitic f LA, well laminated, very well sorted and rounded.
Sharp/gradational top. some m-c floating sand grains. Sharp/gradational top.

and i iltst vf sandstone, and f-m LSA, greenish gray,
very well laminated. Overall fining upward. Sharp top. Transgressive expansion.

LSA, brown, drab, poody sorted 1rom fto vc, with ﬁoatlng granules and pebbles, sub-
to . Sharp/gr top. Sand fi

Basal 30 cm: LSA, m-c, with i thin and vf laminae, indi-
cating another flooding and expansion of distal delta fran Upper part similar to below
but less gravelly. Sharp top.

Capped by a 10 cm siltstone.
Conglomerate similar to below, dark purple gray, some intercalated m-c LSA. Sharp
top. Overall coarsening upward with underlying bed. Delta front of braided delta.

LA/LSA, c-siltvf/f and c-vc, interbedded, dark purplish gray. Sharp top. Proximal
prodelta to distal deita front.

S
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Conglomerate and LSA/LA, c-vc, pebbles. Basal part coarsening upward from m-c to
c-vc, granular. Many shallow internal erosional surfaces defining fining-upward trends
from conglomerate to c-vc LA, and coarsening upward trends. Some large accretion-
ary surfaces. Overall coarsening upward to more conglomerate and larger clast size.

Sharp top. Coarsening up with underlying bed. Braided delta.

LWILSA, green to yellowish gray, f-c, muddy poorly sorted, CRL or parallel laminated.
Sharp! top. Distal DF,

Conglomerate, granule to fine pebble, crudely fining upward to granular c-vc LA, well
to very well rounded, moderately well to well sorted. Sharp top. Transgressive.

Shale, siltstone, grayish green, thinly laminated (~5 cm thick). Sharp broad, shallow, erosional top
surface.

LNLSAJ m, no clear grain smehend well thin and thick lamif 2 but dis i

nodular zones or zones. { top. Lenses of well imbricated
conglomerates with intemal erosional surfaces.

=R LA greenish gray to gray, f, dense, very well laminated, intensely calcite-cemented. Laminae of
blackened intraclasts, c-ve-granule in size, very well rounded, parallel to bedding, caicitic, could be
intraclastic imestone, mainly in the lower part, very well thinly laminated. Sharp top. Capped by a 10
cm calcrete with dark stained mm scale lamination.

Shale, greenish gray to grayish green, silty to siltstone. Sharp top. 5 cm thick. Maximum expansion
LALSA, greenish gray, thinly laminated, vi-c sit, many fiattened calcitic nodules, some persistent but
short discontinuous. Limestone lenses, 1-3 cm thick, 10-20 cm long. Gradational top.

Arenaceous limestone and calcareous sandstone, variable thickness, persistent but discontinuous,
micritic, sandy, some spar-filled cracks, sparse ostracods. Sharp/gradational top. 0-10 cm thick.

LAJLSA, thin to thick laminated, crudely fining upward from f/m to fAMf, reddish gray, upward to green-
ish gray, abundant bedding-parallel calcitic nodules, 1-10 cm n size. Sharp/gradational top.

Shift to W further downslope for ~50 m along the base of the nodule-rich zone.

LAJ/LSA, grayish red, thin-thick laminated, in places, CRL and tabular x-bedded, vi-min
discrete layers/laminae; some thin, granular lenses, ly calcite
cemented tabular layers (5-15 cm). Upper part a calcite well cemented bed, ~5-15 cm
thick. Abundant diagenetic, flattened calcitic nodules. Gradational/sharp top.
Littoral/beach, continuous from below.
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Tuff and tuffaceous LA, pink, 5-10 cm thick. Sharp top. (SW10-4)

LA/LSA, red, grayish red, thin-thick laminated, f-vf, sharp top.

Limestone, arenaceous or clacareous sandstone, gray to pale gray, resistant, c-vc sand grains, ime
mud matrix, well sorted and rounded. 5-10 cm thick. Sharp top

LALSA, and granular conglomerate, yellowish green to reddish gray, overall fining upward, but 4-5
beds of fining or coarsening-upward trend. Basal 30 cm, pebbles common, well rounded and imbri-

cated, as wave reworking of fan delta top, beach pebbles, transgressive. Sharp top.

Conglomerate, grayish red, overall coarsening upward from granule-pebble to pebble-
se=mcobble, rare boulders, well rounded clasts, upward increasing matrix content but still not
Y m== much (20-30%). Clasts well imbricated in lower 30 cm. Upper part has 4-5 tabular, per-
sistent but discontinuous layers, 5-10 cm thick, of micrite, and calcite cemented con-
glomerate, clasts floating in lime matrix, as contemporary cementation in an inactive part
of a fan delta or pebbly beach (7). Sharp top.

58228282232582:
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SW10-3: micrite, calcite cemented conglomerate.
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LA/LSA, red, very well laminated, thin beds, f-vf and m, and some m-c lenses, well to
very well sorted, well washed. Laterally persistent for ~150 m. Some pockets of granu-
lar conglomerates, cm thick, 10s cm long, perferentially calcite cemented. Beach to lit-
toral deposits. Sharp/erosional top.

59

LW/LSA, m-f, gravelly with granules and fine pebbles, blackened clasts, massive, thick
bedded, scattered clasts, calcite nodules (tabular to oblate parallel to bedding planes).
2 thick beds separated by a 5-10-cm thick sandy mudstone, muddy LW, calcite
cemented. Similar to the sandstone beneath the transgressive pisclites at the base of
LCG in SE Tarlong. Sharp top. Sand flat.

58

Lower part (20 cm), dark purple, mottled, blocky sandy mudstone, muddy LW. Middle part (0-20 cm),
limestone, packets of sand, many spar-filed cracks and cavities, rare bivalves with geopedals, some

algal flaments, laterally persistent for ~150 m and pinch out (Palustrine?). Upper part (0-5 cm), most
not present, thin dark purple mudstone, muddy LW, similar to mudstone below limestone. Mud flat to
palustrine (7). Sharp top
LA, LSA, grayish red, intercalated with cm-thick dark purple-maroon siltstone, silty
shale, fivf sandstone, well thin laminated. Sandstone, m-c most common, well sorted,
= ] 10-30 om thick beds laterally persistent in thickness and lithology for 150 m, sharp
bw1o- R tacts, low-, m , and high-angle tabular x-beds and plane beds; scattered
granules and fine pebbles; cm-scale scour-fill structures. In places, normal or reverse
graded beds 1-10s cm thick. In other places, color and texturally mottied. Aggradation-
al, oscillatory lake margin-beach environment.

Mudstone: silty and sandy in lower part, fines up to lesser sand content, well rounded
to subround, well laminated, pockets of sand, many spar-filled cracks and cavities,
rare bivalves with geopedals, some algal filaments.

Lithic subarenite/arenite: multidirectional cross bedding, pure, orangish brown.

Lower 80 cm- Conglomeratic lithic subarenite with two gravel rich lenses interbedded
within.

LSA, sparsely to commonly gravelly, massive to thick bedded, faint large-scale x-beds
in lower 1/2. Upper part, interbedded yellowish gray sandstone and dark massive mud-
stone, siltstone, vf sandstone. LSA in channel fill is m-vc, poorly sorted, with floating
pebbles and granules, concentrated in loosely-defined intervals 1-10 cm thick. Sand-
stone in overbank is f-c, poorly sorted LW. Mudrocks include siltstone, vf sandstone,
sandy shale, well laminated. Lake margin sand and mud flat. Sharp top, nonerosional.

Shift to W for ~100 m downslope along the nodular paleosol zone.
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Shale, silty shale, well laminated, non or weekly calcareous. Lake plain mud flat, laterally change to interbed-
ded c-m sandstone and shale, well bedded, persistent.

Shale, greenish gray, pure, basal 5 cm purple, non-calcareous to weekly calcareous, some ostracods. A
lenticular/nodular micrite at top, green to gray, finely laminated, micritic, some microfossils (TD39).
Sandstone, grayish brown, c-ve, well sorted, some pebbles. A single bed. Shoreline pebbles and sandstone.

Sandstone, silty shale, siltstone, grayish purple, well bedded. Sandstone, f, subarenite to lithic wacke.
Lake plain.

Sandstone, brownish gray, c-vc, with granule clasts, single persistent bed, very calcareous, well cemented and
laminated. Uppermost ~5 ¢m calcitic, maybe arenaceous limestone. Some bedding plane trace fossils. Scattered
superficial ooids. Sharp upper contact. Lake shore and lake plain.

Sandstone, siltstone, sandy shale interbeds, purple. Sandstone dominant, f-m, well bedded, planar,
tabular x-beds, local x-lamination. Overall fining upward. Sharp conformable lower contact, sharp
upper contact. Upper braided stream deposits.

Conglomerate and intercalated conglomeratic sandstone, grayish brown, Sandstone, c-vc. Mostly
poorly cemented, clasts 30 cm (max.), clast composition variable. Sandstone is x-bedded. Overall fin-
ing upward. Lower braided stream.
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Conglomerate, grayish brown, plane bedded. Individual fining upward units from pebble conglomerate
to conglomeratic sandstone, c-vc (15 cm max. clast size), subrounded to rounded clasts, some imbri-
cation. Lower part 30 cm reverse graded (or coarsening upward). Uppermost part laminated f sand-
stone, purple, lithic wacke. Large low-angle tabular x-beds common. Overall fining upward. Braided
stream deposits.

pTD-43, 44, 45 - View of this and underlying interval.

Shale, purple, sandy, and f sandstone, purple, blocky, well bedded, variable thickness. Lake plain.

Shale, dark gray with grayish green stringers, pure, mostly non-calcareous, abundant ostracods and
fish scales. 1-2 stringers of grayish green nedular limestone. Fish and ostracods abundant in upper
part (TD38).

U-shaped burrow or straight burrows from top of limestone in this bed, filled with sand and mud chips.
Maybe oxygenated bottom at this interval. Oxic to dysoxic profundal.

Micrite, greenish gray, slightly arenaceous, thin (3 cm) beds. Upper part with interbedded green shale and nodu-
lar micrite. Sharp lower and upper contacts.

Shale, silty shale, siltstone, f sandstone interbeds. Lower part, shale, platy, dark purplish gray. Sand-
stone, gray, subarenite to wacke, well bedded, moderately sorted, m-f.

Sandstone, c-ve, granule clasts at base, fining upward, even single bed, laminated to massive, subarenite, very
calcareous. Storm bed encased in shale.

Shale, silty shale, purplish gray, grayish purple, dark purplish gray, platy, intercalated with siltstone,
moderately calcareous. 2-3 beds (5-10 cm each) of f sandstone, well bedded, very calcareous, lithic
wacke/subarenite, encased in shale (probably storm deposits in a shallow bay). Sharp base.

Conglomerate and sandstone, greenish gray to grayish brown. Conglomerate, matrix-supported at the base, slight-
ly coarsening upward (by wave winnowing) from granule to 15 cm in size, clasts parallel to bedding plane. Sand-
stone, c-vc, well bedded and laminated. Overall fining upward. Shoreline pebble and beach deposits.

Sandstone, dark gray, f-m, well bedded, persistent, moderately to very calcareous, lithic wacke/subarenite.
Sharp lower and upper contacts. This and the underlying sandstone and conglomerate form a fining-
upward trend.

Shale, silty shale, purplish gray, weekly to moderately calcareous, platy, well bedded. Sharp base.

Sandstone, slightly fining upward, no real grain size trend, dominantly m-c, well or poorly
cemented, many internal erosional surface, laterally persistent. Forming individual units fining
upward from c-vc to m-f, 10s cm thick. Arenite/subarenite (in coarse part), lithic wacke in fine
part. Some scattered superficial ooids (?), locally concentrated. Some purple mud chips. Indi-
vidual units parallel to each other and persistent. Lake shore/beach to littoral.
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Conglomerate, grayish brown, granule to fine pebble clasts, rounded, crude fining or coarsen-
ing upward trends, poorly cemented, volcanic, shale, and marine limestone clasts. Upper sur-
face sharp to gradational. Shoreline pebbles (?).

Sandstone, silty shale, siltstone interbeds, purplish gray to dark blackish gray, platy, moderate-
ly calcareous. Sandstone f-vf. Sparse bedding parallel calcareous sandstone or arenaceous
limestone nodules. Well bedded. Upper contact sharp, slightly erosional. Shallow littoral. Over-
all this and underlying 2 units are shallowing upward.

Sandstone, gray to yellowish brown, lithic wacke, f-m, very calcareous, poorly to moderately
sorted, well bedded, laterally persistent. Littoral.

Sandstone, gray to yellowish gray, common superficial ooids, well sorted and bedded, very cal-
careous, m-vc, arenite to subarenite, well laminated and x-laminated. Laterally persistent.
Sharp upper contact.

Shale, purplish gray in lower part, grades upward into greenish gray in upper part, very calcare-
ous, middle part a bed of c-m sandstone, gray, very calcareous. Sharp lower and upper bound-
aries. Lake plain, initial expansion.

Conglomerate and conglomeratic sandstone, fining upward from pebble (10-15 cm) to granule
clasts, well rounded, imbricated, including conglomerate, mudstone, and abundant marine lime-
stone (with crinoids, spicules, forams) clasts. Laterally wave-reworked into calcite-coated grains.
Sandstone, c-vc, well rounded, moderately sorted. This unit thins to SW and thickens to ~1.5m
to NE. Lower contact erosional with 1 m relief, cutting into oolitic sandstone.

Mudstone, dark purple, blocky, peds 5 mm. Lake plain. No nodules, not that dry.

Sandstone, intercalated with shale, grayish brown, m-c, well sorted, very well laminated, parallel to x-
laminations, well bedded, persistent. Abundant superficial ooids. some contain mud chips, some x-
laminated. Very calcareous. Lake shorefbeach, shallow littoral. (50 m to the west, much more gravels,
granule to pebble, forming 10s cm thick, coarsening upward units, interbedded with oolitic sandstone.
Lateral facies changes). Lower 100 cm has less shale than the upper 30 cm. Sharp upper contact.

Lower part, sandstone, siltstone, intercalated with silty shale, purplish gray, lithic subarenite to wacke,
very calcareous, platy, common mud chips, well bedded. Sandstone common, small to moderately
amount of superficial ooids, f-m-c, moderately to poorly sorted. Beach, lake shore. Upper part,
increased siltstone and silty shale, sandstone has no ooids, less platy, blocky with peds 1-0.5 cm in
size, still bedded. Lake plain. Shallowing upward from lake shore to subaerial lake plain.

Sandstone, similar to below, yellowish to purplish gray, contains superficial ooids, very calcareous,
well sorted and bedded.

Sandstone, gray to grayish brown, very calcareous, c-m, well sorted and bedded, many superficial
ooids. The uppermost part is oolitic grainstone.

Sandstone, gray to brownish yellow, m-c, well sorted and bedded, very calcareous, lithic arenite to
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subarenite.

Shale, dark gray with purple tint, silty, platy, very calcareous. A 5-10 cm lenticular limestone (TD34-1,
34-2) in middle, micritic, finely laminated, scattered particles of possible microfossils.

Limestone, gray, 2 thin beds, pockets of sand with 20% quartz, micritic. Secondary calcite growth. In places,
brecciated and bioturbated. Palustrine limestone.

Sandstone, yellowish brown, m-c, lithic arenite, well sorted and rounded. Some beds contains >50%
ooids and can be arenaceous oolitic grainstone. Well bedded. Lake shore, shallow littoral. Sharp lower
and upper contacts.

Shale, brownish gray, greenish gray to brown. A 3-cm f sandstone at base with some superficial ooids.
Lake shore, lake plain.

Conglomerate, sandstone, siltstone. Upper contact sharp.

Where are TD32, 33777

Conglomerate, grayish red to brown.

Conglomerate and sandstone, grayish red to purple. Conglomerate, lower 50 cm granule to pebble
clasts, grade upward into conglomeratic sandstone and m-c sandstone. Uppermost part f sand-
stone and shale interbeds. Braided stream deposits, less coarser than below. Sharp, probably ero-
sional top and base.

Conglomerate, grayish brown, pebble clasts (1-15 cm), lower 20 cm coarsening upward, upper
part fining upward. Conglomeratic sandstone, c-vc, uppermost some mudstone lentils/stringers.
Braided stream.

Sandstone, brownish gray, lithic wacke, c-vc, some mud chips of underlying shale. Lake plain sand flat.
Sharp base, erosional top.
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Shale, purplish red, sandy. platy. Mud crack in a sandstone lens. Lakeplain mud flat.
Sandstone, brown, single bed, some superficial ooids. Very persistent. Sharp top and base. Shallow littoral.
Shale, blackish green-gray, sub-mm-laminated. Probably not very deep facies. Sublittoral.

(@) O Oolitic grainstone, abundant secondary calcite growth. Some large pebble clasts, arenaceous, well thinly bed-

ded (cms), laterally persistent. Sharp upper boundary.

Conglomerate, grayish red, coarsening upward from conglomeratic sandstone, granule to fine pebble con-
glomerate, to pebble conglomerate (20 cm max.). Well bedded, reverse graded (or coarsening upward), indi-
vidual units 10-15 cm thick, volcanic clasts dominant, subrounded to rounded. Some sandstone stringers, c-
ve. Gradational lower contact.

Sandstone, interbedded ¢-m and ve units 10s cm thick, poorly to well cemented, well sorted, moderately
rounded, probably well bedded, moderately to very calcareous. Upper part, possible round rootlets, 0.2 cm in
diameter, filled with green calcite. Gradational upper contact. Shallowing upward from littoral to lake shore.
Lower contact probably sharp, upper contact gradational.

Conglomerate and sandstone interbeds, dark gray to reddish purple, individual units 10s cm thick,
laterally persistent, even beds. Sandstone, c-vc, well sorted, well bedded, x-laminated, x-bedded.
Conglomerate, granule to fine pebble (25 cm max.), subrounded to well rounded. Littoral pebble
deposits, or wave-dominated braidplain delta.

Limestone, greenish gray, lenticular, laterally persistent. Lower contact sharp to erosional, upper
contact sharp to slightly erosional.

Conglomerate and conglomeratic sandstone. Lower 50 cm coarsening upward from granule and
fine pebble conglomerate to pebble conglomerate, 20 cm max. size, dominantly volcanic clasts,
some shale, limestone, and sandstone clasts. Large to medium tabular and trough x-beds. Many
clasts oriented and imbricated. Upper part, individual fining upward units, 10s cm thick, normal
graded, laterally change to conglomeratic sandstone and mudstone. Braided stream deposits.

«  Mudstone, reddish purple, peds 5 mm. Sandstone, lenticular, well ripple x-laminated, f, well sorted and rounded,

0-10 cm thick, laterally absent. Lake plain. Erosional top.

Limestone, whitish gray with purple tint, lenticular and nodular, 5-15 cm thick, very persistent. Autobrecciated
with pockets of calcite spars, micritic with some lithic grains. Top sharp and even, base irregular. (Calcrete?
palustrine?)

Conglomerate, fine pebble (1-10 cm), rounded clasts, ~10 em thick. Sharp lower contact. Shoreline pebbles.

Sandstone, light gray, c-vc, well sorted and rounded, 50% superficial ooids. Beds ~10 cm thick, well
bedded, possibly mottled. Shallow littoral sand bar.

pTD38 - This and above 3 units.
pTD39 - Overview of this and above intervals.
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Sandstone, grayish brown, lithic subarenite, slightly coarsening upward from f-m to ¢, rare granules, moder-
ately to very calcareous, well sorted, moderately rounded. X-laminated, well bedded. Sharp lower and upper
contacts. Littoral or lake shore sand flat.

Mudstone, purple red, blocky to platy, very calcareous. A layer of lenticular brecciated micritic nodular lime-
stone, ~3 cm thick. The lower boundary may correlate with that of the 80-cm calcareous sandstone bed
(between 27407 and 27487 cm), if so, there is a 870 cm overlap. This surface has the same elevation as that
of the upper surface of the underlying covered interval. 117/43.

Covered, across a small fault. Amount of missing strata uncertain, probably less than 10 m, still within
Luocaogou Fm.

Conglomerate, dark gray, lower 30 cm reverse graded. Overall fining upward. Clasts, 1-30 cm (5 cm most
common), subangular to rounded. Clast supported, some limestone clasts, conglomeratic sandstone clasts,
volcanic clasts still dominant. Upper contact covered. Braided stream deposits.

Sandstone, dark brown, subarenite, m-c, well sorted and rounded, few granules, moderately to very calcareous,
well bedded, possible x-lamination. Upper contact sharp to erosional, lower boundary uncertain. Littoral to lake
shore.

Sandstone, grayish brown, lithic arenite, c-ve, thin-medium bedded, mottled, possibly x-bedded. Uppermost
part ~10 cm nodular limestone, greenish gray.

Grainstone, greenish gray, arenaceous, probably abundant skeletal grains. Nodular, lenticular. Lower part fine
pebble to pebble conglomerate, imbricated, well rounded, up to 15 cm, as shoreline pebbles.

Sandstone, brown, m-c, well rounded, moderately sorted, ripple x-laminated, well bedded.

Limestone, green gray, micritic. 3 cm thick. TD28.

Sandstone, brown, f-m, x-laminated, well bedded. Thin bed.

Pebble conglomerate, clasts imbricated, 5-20 ¢m in size, parallel to bedding plane. Slightly coarsening upward.
Shoreline pebbles.

Sandstone grayish brown, containing some granular clasts, poorly cemented, well bedded. Base a thin con-
glomerate.

Sandstone, brownish gray, arenite, m-c, calcareous, well sorted and bedded, x-laminated, some superficial
ooids. Thin (~10 cm) beds. Uppermost part contains scattered, well-rounded volcanic clasts of fine pebble size
(shoreline pebbles, suggesting oscillating shorelines).

Same as below. Uppermost part 40 cm pedogenically altered. The two cycles were measured together of roughly
eanal thickness. Not differentiated
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Conglomerate, dark gray, granule to 20 cm in size, subangular to subrounded, poorly sorted. Intercalated con-
glomeratic sandstone, poorly sorted. Upper 30 ¢m silty or sandy mudstone or muddy sandstone, blocky, pedo-
genetically altered. Braided stream deposits.

Mudstone/shale, silty and sandy, reddish brown, blocky. peds ~1 cm in size. Tabular calcitic nodule zone in
the lower part, <5 em thick. Thickness estimated.

Sandstone, reddish brown, lithic wacke, m-vc, poorly sorted and cemented. Lower contact sharp, maybe slight-
ly erosional.

Mudstone, purplish red to brown, blocky, peds 5 mm, scattered random-oriented irregular to elongate,
brecciated calcitic nodules, 1-10 cm in size.

Sandstone, brown, m-c, arenite, well sorted and bedded. Sharp to erosional upper contact. Beach.
Limestone, very arenaceous, sand content 30-60% (average ~50%). Undulating beds and surfaces, probably ero-
sional. Nodular, discontinuous, 5-10 cm thick, but laterally persistent. Sharp to erosional top.

Shale, same as below.

Pebble conglomerate in c-vc sand matrix, clasts parallel to bedding, well rounded, fine pebble size
(~15 cm), volcanic dominant. Shoreline pebbles.

Shale, silty, some siltstone, red, platy, some intercalated m-c arenite to subarenite.

Sandstone or sandy oolitic grainstone, gray, m-c, well sorted, well cemented, medium-angle tabular x-
beds (beach shingles), 1-2 beds.

Sandstone, brownish gray, arenite to subarenite, f, m, or c, well sorted, moderately rounded, some
quartz (10-15%), calcareous, moderately cemented, probably well bedded. Lower part a thin (3 cm)
nodular limestone, micritic, autobrecciated, laterally persistent. Some beds contain some superficial
ooids. Overall slightly coarsening upward from f-m-c sandstones. Sharp upper contact. Shallow littoral.
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an ZJ < Sandstone wacke to feldspathic, some quartz, m-c, well sorted and bedded, x-laminated, localiy bioturbated.
Lithic oolitic grainstone, gray, c-ve lithic grains (40%) mixed with superficial ooids (60%), well sorted and bedded. Sharp lower contact.

Sandstone, brown, arenite, well sorted, f or m units, well bedded and laminated, some ripple x-laminated, thin
beds 10s cm. One bed very calcareous, gray, with some superficial ooids. One thin (<5 cm) red shale in the upper-
most part. Shallow littoral.

Conglomerate, gray, coarsening upward from fine pebble to cobble (10-15 cm), imbricated, parallel to bedding,
volcanic clasts. Shoreline pebbles.

Conglomeratic sandstone and sandy conglomerate, light pale pink. light gray, very poorly cemented, granule to
fine pebble clasts. Weathered into loose sediments. Interbeds with sandy conglomerate with granule to fine pebble
clasts, poorly sorted. 2 beds (~25 cm thick each) well sorted c-vc arenite. The rest is poorly sorted. Partially cov-
ered. Sharp lower contact. Braidplain/lakeplain deposits.

Mudstone, dark purplish red. Lakeplain mud flat.

© @ @ Sandstone, muddy, and sandy mudstone, reddish purple, blocky, peds ~1 cm, probably
pedogenetically altered. Middle part a grayish white, 15-cm thick calcite-cemented c-vc lithic wacke.
Uppermost part a 5-cm thick nodular zone, nodules calcitic with concentric structures and autobrec-
ciated, probably microbially-coated clasts or oncoids. Sand and mud flat, lower lakeplain.

pTD36-37: oncoids.
TD25: Oncoids.

Oolitic grainstone, gray to greenish gray, superficial ooids, quartz cores common in lower part, domi-
nantly lithic grain cores in upper part. 2-3 distinct beds.

Conglomerate, dark gray, well rounded, pebble size 5-10 cm, well imbricated, in granule to vc sand
matrix. Volcanic clasts dominant. Shoreline pebbles.
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U medium well bedded, poorly stratified (probably highly mottled), some beds poorly indurated, other

‘99) well cemented by calcite. Shallow littoral.

Oolitic grainstone, light gray, many ooids superficial with lithic grains as cores, some scattered granule to fine pebble

” clasts, well bedded. Sandstone, lenticular, 0-30 cm thick, Im-lc, well sorted, very calcareous, highly bioturbated, lithic

arenite. Qolitic grainstone, 90% ooids, 10% lithic grains, well sorted, ¢c-ve, well cemented, sparse granule clasts.
High-energy shallow littoral.

Shale, mainly grayish purple or purplish gray, locally green-gray, sparse burrow cast, sub-mm laminae. Lowermost
has sandstone and siltstone laminae. Non-calcareous. Scattered micritic nodules. Limestone, micritic, some detrital
grains in the lower part, each bed 3-5 cm thick, grayish green, persistent, some scattered detrital sand grains. Rare
ostracodes, bivalves, and other unindentified fossils. Sharp lower and upper contacts. Shallow littoral.

Sandstone, brown, ¢, well sorted, moderately rounded, multi-directional well x-stratified, including small-to medium scale (cm-10s cm) trough

medium-high-angle tabular x-beds. Persistent. Beach to shallow littoral. pTD 33, 34, 35 - the fluvial-lacustrine transitional zone.

Sandstone, gray, f-¢, moderately sorted, clean, very calcareous, quartz (10%%), feldspar (20%), very persistent. Lithic arenite. Sharp base and top.
Sandstone, reddish brown, m, well sorted, moderately rounded, quartz, feldspar, and lithic grains, laminated, poorly indurated, lithic arenite.

Conglomerate, commonly blackened, very well rounded, 5-20 cm, well imbricated, laterally persistent. Sharp con-
formable lower and upper contacts. Beach pebbles (shoreline indicator).

@ Mudstone, reddish purple, slightly silty, peds 2-3 mm, scattered irregular to elongate calcitic nodules. The
A upper part of the upward-fining cycle. Calcitic paleosol, lakeplain mud flat.

== |

Conglomerate, grayish red, granule to fine pebble size, well imbricated, some large (30 cm) volcanic clasts in upper part.
Can be subdivided into two parts, although they have the same composition and are a single sedimentation unit. The
upper part is much better calcite cemented. Many clasts superficially coated by wrinkled/irregularly-laminated calcite,
probably of'a microbial origin. The entire conglomerate unit is the lower unit of a braided stream/braidplain/beach depos-
it. Upper part coated, indurated interval indicates significant raised water table and microbial coating/growth, thus,
approaching of lake shoreline. They may have been occasionally submerged during severe storms. Braidplain, upper
lakeplain deposits (there was probably no meandering floodplain in between lake shoreline and braidplain).
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Wackestone ang mudstone, SIMNAT 10 DEIOW.

Dolostone and dolomitic shale. Sharp top.

Wackestone and mudstone, theroughly clotted, mounded top, 10s cm in relief, 1-2 beds.

Dolostone, dolomitic shale, thick laminated, grey, 20-40% algal fragments, with intraclasts and peloids. Sharp top.
=

Lower 30cm, 2-3 thin to medium beds, wackestones (20-40), with intraclasts, peloids, and skeletal grains. Upper part massive, mudstone to wackestones (20), lumps and clots,
microbial, mm-1cm in size. Gradational top.

SZ14-6 9

{f2gz Conglomerate and breccia, brown, grey, crudely medium beds, very angular to sub rounded, clast-supported, very poorly to moderately sorted, in places brecciated appearance.
Randomly oriented, with volcanic lithics, dolomite, sandstone, and limestone. Laterally thin to about Om. Granule to cobble, and pebble dominated. Uppermost part apparently
algal coated, with local lenses of sandstone and siltstone. Locally collapsing breccia of a shore cliff, slightly to moderately reworked. Sharp top. Littoral.

* o:oa 2588 Conglomerate, greenish grey, well-plane bedded, granule to pebble dominant, very well imbricated, coarse to very-coarse matrix, clast-supported, containing volcanic, shale,
fm 22588882s! sandstone, limestone, and dolostone clast, subrounded to rounded, moderately well sorted. Sharp top. Shore line pebbles. Transgressive.

5838
S8888888588088558.
STERbEeTE TR Ry

Dolostone, interlaminated, with brown silty and black micritic laminae, very well mm to sub-mm parallel laminated, non to slightly calcareous, problematic lithology, may or may

not be dolomitic. In other places, heterolithic interlaminated similar to below. Sharp top.
to grainy thin bedded, lenses of grainstone

Dolomite, dolomitic shale.
= Packstone, grey, arenaceous, well plane bedded. Sharp top.
Wack 1€, grey, ir lasti ive, single bed. Sharp top.
Dolomitic shale and dolostone. Basal 10cm has thin limestone stringers (1-10mm) thick as transition zone. Sharp top, undulating.

% » Packstone to grainstone, similar to below, sing bed. Sharp top, flat. Transgressive (?)
Dolomitic shale and dolostone, heterolithic. Commonly 1-3 cm sized nudules, may or may not disrupt underlying laminae, commonly overlapped on top, diagenetic or dropstones. Commonly mm-scale
wavy beds of variable laminae of nods, rounded to angular. Sharp top, undulating.

e o0 Packstone/grainstone, similar to below. Sharp/gradational top.

Dolomitic shale and dolostone. Sharp/erosional top, with 5-10cm relief.

Packstone, similar to below, 70% ooids, well bedded, single bed, with plane bedded. Sharp top
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***** 3 Dolomitic shale and dolostone. Sharp top, slightly erosional.
Shale, calcareous and dolomitic, black, thin laminated. Gradational top.
Dolomitic shale and dolostone, black, micro flaser/wavy bedded of brown silty laminae and black micritic laminae. Gradational top.

10

e _«*Packstone and wackestones, similar to below.
Dolomitic shale and dolostone. Sharp top.

mitic shale, commonly blackened (reworked dolomite), coarse to very-coarse sand grains. Gradational top.

Sz1 Dolomitic shale and dolostone. Sharp top.

57-

Silty shale, siltstone. Shari) top

Dolomitic shale and dolomite, well-thin laminated. Sharp top.

Silty shale, siltstone, greenish grey.

Dolomitic shale, dolomite, interlaminated, black and yellowish brown interlaminated, black dolomite is micritic, brown dolomite is silty, well flaser Heterolithic(?). Sharp top.
Shale, black, silty. Gradational top.

LSA/LA, greenish grey, medium/fine, CRL, well laminated and bedded. Gradational top.

Dolomitic shale and dolomite, sub-mm laminated. Sharp top.

P LSA, greenish grey, medium/fine, upward to arenaceous packstone/grainstone, peloidal, intercalated with black shale, CRL, well bedded and laminated.

SZ1Z— Dolomitic shale, upward to dolomite, very well thin laminated, black to greyish black. Sharp top

o7 Silty shale, grey, upward to interlaminated silty shale and black shale. Gradational top.
Very fine sandstone, siltstone. Gradational top.

Dolomite, black, one bed, well laminated. Sharp top.
Dolomitic shale and dolomite, thin laminated to sub-mm scale, grey to brownish grey.

@Very fine sandstone, upward to siltstone. Upmost 15cm with silty micritic limestone nodules, forming a discontinuous bed, elongate, parallel bedded, 1-10s cm long, cms thick. Sharp top.

Dolomitic shale to dolomite, very-well to thin laminated. Sharp top.

‘ery fine sandstone, siltstone, silty shale, greenish grey, fining upward. Sharp top.
Dolomitic shale to dolomite. Sharp top.
Shale, blackish grey to greyish black, silty and siltstone, probably organic rich. Gradational top.
5 Dolomitic shale, upward to dolomite. Upmost 10cm, dolomite with 20-30% blackened, subangular to subrounded clots of micrite.
Shale, silty shale, blackish grey, to greenish grey. Sharp/gradational top.
Fining upward from very fine sandstone, greenish yellow to siltstone, to silty shale, greenish grey, well laminated. Gradational top.
Dolomitic shale and dolomite. Sharp top.
Interlaminate of silty shale, siltstone, and black shale.
Dolomitic shale, upward to dolomite. Sharp top.
Silty shale and siltstone and very fine sandstone, well-thin laminated, CRL, weakly to moderately calcareous, crudely fining upward. Gradational top.

Dolomitic shale and dolomite. Sharp top.
Interlaminated of silty shale and black organic-rich shale, well-thin laminated, black shale upward increasing. Sharp top.

Shale, silty, siltstone, greenish grey, thick to thin laminated, weekly to moderately calcareous, commonly scattered plant remains, well-laminated and bedded. Gradational/sharp top.
Shale, dolomitic, dolomite, grey to brownish grey. Lower part fissile/papery, upward to thin laminated. Upmost 3cm thick laminated, altered/pedogenesis altered (See sample). S

Interlaminate of wackestones, packstone, arenaceous/silty packstone, dolomitic limestone, dolomite, at submm to 1-2 cm scale. Overall more dolomitic upward. Gradational toj
Wackestone (20-30), grey, weathered parts are brown, upper part slightly dolomitic, oncoidal with black rounded to irregular, faintly coated (irregular). Oncqg
@ Osize. Apparently algal laminated, sparse fossil debris and volcanic debris, undulating base and top, with variable thickness about 10-50cm in 1-2beds. Grag

Packstone and grainy wackestones, dark grey, arenaceous, superficial ooids, ooids, peloids, well bedded. Lower part 15 cm, plane bed, XRL. Upper part intercalated with dolo-

harp top.

Grainstone, oolitic, plane and small tabular x-beds, 1-2 mm ooids. Sharp top. A

id, 1-10 mm in
lational top.

Shallowing upward, more
evaporitic and restricted.

Shale, black, well-thin laminated, silty, non to weakly calcareous, soft, probably organic rich. Sharp top, undulating with about 20cm maximum relief.
Shale, dolomite, grey to pale grey, finely interlaminated with black shale laminae, dense, slowly reacting with HCI. Sharp top.

1
5214-50 s LSA, yellowish brown, fining upward from fine/medium to fine/very-fine, with thick laminated, well bedded, tabular x-bed and CRL. Sharp/gradational top.

Switch to East about 50 m to next ridge along the yellow sandstone. N3W/46 of average of 2 measurements.
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99

voiomiuc snaie, Iower 2U cm Intercaiatea witn tin niack organic-ricn snaie.

Sandstone.
Dolomitic shale.

Sandstone, yellow, greenish yellow, well-bedded, thin, laterally persistent.

Dolomitic shale, upward increasing dolomitic, black to blackish grey.

Organic-rich shale, black.
LW, intercalated with siltstone, silty shale, fine to medium. Fining upward to very fine/ fine. Gradational top.

%2z Dolomite, intercalate with dolomitic shale, light grey. Upmost 5-10cm apparently algal laminated. Lower part a 5cm thick dolomitic wackestones/mudstone. Dolomite
sub-mm laminated.
Shale, dolomite, dark grey, thin laminated.

=== Shale, black, organic rich, some small calcareous nodules, fissile to thin laminated.

Dolomitic shale and upward dolomite. Very well thin to thick laminated.
Silty shale and siltstone, well laminated, moderately to weekly calcareous, dark grey.

Lower part dolomitic shale, upper part dolomite, intercalated with dolomitic shale, light grey to brown weathered, black.

Organic-rich shale, Gradational top.
Sharp top.

Organic-rich shale, black.

Interbedded LSA, very -fineffine, and silty shale.

Sharp top.

Sharp top.
~LSA, fine, brown, CRL.

See
photos

A
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89

88

Organic-rich shale.
LSA, yellow, very-fine/fine, well CRL.

Organic-rich shale.

Silty shale.

Sharp top

Organic-rich shale. Gradational top.
Sharp top

Organic-rich shale. Gradational top.

81

Dolomitic shale, upward to dolomite. Gradational top

LSA, fine to very fine, well CRL and laminated and bedded, thick.

Sharp top.
Gradational top.

Dolomitic shale.
Gradational top.
Siltstone.

Dolomitic limestone.

Limestone.
Shale

Siltstone, silty shale, Well CRL, grey, weathered brown, rich in plant remains.

Dolomitic limestone and dolomite and calcareous shale.

Shale, black.
Athick cycle, partially
clue to reverse fault-
ina.
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— Siltstone, silty shale, Well CRL, grey, weathered brown, rich in plant remains. v
Limestone with intercalated shale. Sharp top.

Shale. Gradational top.

Limestone, intercalated with shale. Sharp top.

Shale, black, no transgressive sandstone. Gradational top.

80

Limestone, mudstone, highly recrystallized and brecciated. Sharp top.
Shale. Gradational top.
Sandstone

Sandstone, well-laminated, fine to very fine.

79 — - —
SZ14- Dolomitic shale, algal filaments, sub-mm laminated, some algal laminations.
48-1 = -
LSA/LW, yellowish brown, medium/coarse.
Shale, black upward to dolomitic shale. Sharp top.
LW, thin laminated, yellowish brown/weathered and fresh brownish grey. Gradational top.
78 Dolomitic shale.
LW, CRL, blackish grey, fne/very fine. Gradational top.
Basal silty shale mid part shal , upper part dolomitic, upward thicker laminae to about 1-2cm thick beds, bed parallel. Plant fragments common throughout. Sharp top.
Switch to East about 80m to base of long slops. The base is the top of “36cm” sandstone (last sandstone) in previous section. NOW/62.
;>>9F|n|ng upward from coarse/very-coarse LA to medium-to-coarse LSA, well laminated and bedded, small high-angle x-beds, CRL and XRL. Lower part moderately well sorted, subangluar and subrounded. Upward to moderately to
well sorted. top.
<
77 Shale, black to blackish grey. Fissile in lower 10cm, thin to thick laminated upward. Middle part probably Upper 50cm, slightly upward from pure to silty to medium siltstone in upper 50cm. Thick dolo-
sz ﬁ) 5 mitic and calcareous laminae massive intemally, moderately poorly sorted, common plant remains throughout, as in many such shale above. Sharp top. Profundal, slightly shallowing upward.
Fining upward, from LA, coarse to very-coarse to flne!very fine LSNLW dark greenish grey, moderately well to well sorted in lower part, upward muddier, moderately to moderately well sorted, subangluar to subrounded, well laminated
and bedded, CRL and XRL. G
76
o~
Shale, pure to silty, very well laminated, dense, black, weakly to non-calcareous. Sharp top.
Lime mudstone, highly recrystallized and brecciated. Latteraly persistant and change to shale as calcite-cemented, dark grey to black shale and silty shale. Sharp top.
Fining upward from coarse to very-fine/coarse silt, LSA and LW, greenish grey to dark grey, to very cal well lami and bedded, XRL, low-angle tabular x-bed, plane beds. Upmost 10cm silty shale to siltstone.
Upward muddier and shaly. Some small nudules. Sharp top.
75
=
74
—~
73 Interbedded conglomerates and coarse to very-coarse gravelly LSA, grey to greyish brown. Conglomerate: pebble to fine pebble, rare cobble, well rounded, well imbricated as beds 5-30cm thick, sharp to gradational base and top,
some bed fining upward from pebble to granule, mainly plane beds. Upward thinner to lenses of LSA to coarse to very coarse, gravelly, volcanic clasts, well rounded, plane and low-angle tabular x-beds. Sharp top.
72 =7

©&® Coarsenina upward from sandv shale and siltv shale (at basal 10cm) to fine LW and then to medium. LSA, to Il and to well sorted upward, upmost 10cm. rich in superficial ooids, formina a

GZ1



71 slight ledge. Lower part very well CRL, thin laminated, upward thicker laminated, well tabular x-bed, CRL, XRL. A ional i d5-10cm ian nods. Sharp top.” ’ -

70

69

LAJLSA, grey, similar to below. Fining upward, coarse to fine/very-fine. Basal part P ial ocids, and sup ooids are still common in top fine LSA. Uppermost 10cm very fine LSA, coarse siltstone, silicified, highly verti-
@@@ cal jointed, thin laminated. The rest part are plane and tabular x-bedded with moderate to high angle. Sharp top.

68 e

67

Fining upward from coarse LSA/LA to medium and medium/fine LSA/LA, very to moderately calcareous. Lower part abundant superficial ooids (SZ14-46), upper part rare to no

> superfacial ooids, very well thick laminated and thin bed, tabular and plane x-beds, quartz, feldspar, volcanic lithics dominant, subangular to rounded. Abundant 5-2cm oval
septarian nodules throughout. Erosional top.

66 —
=R
$214-46] @0
65 LSA, upward to LW, grey, medium to high-angle tabular x-bedded, throughout medium to medium/coarse, granular, moderately to moderately well sorted, subangular to
subrounded, non to weekly calcareous, apparently common superficial ooids and carbonate grains, quartz, volcanic lithics, feldspar,. Crudely fining upward, muddier upward, less
gravels upward. Sharp top. Point bar of beach/littoral.
57144 ®e®

LSA, grey, high-angle tabular x-bedded, well-bedded, gravelly, fine-pebble/pebble, upward to fine pebble, granular. Fining upward from coarse to medium. Sharp top.
22 ggggggggggga Conglomerate, grey, plane-bed, pebble to fine pebble, well-imbricatted, volcanic/basaltic dominated, clast-supported. Sharp top. Shoreline pebbles of channel lag.

2324
=2 ® %7 \Wackestone (70) to packstone, dark grey, one single bed, ooid (30%), intraclasts (40%), and algal fragments and peloids, upper part some mud clots. In general, grainy,

moderately washed. Some pesoids. More similar to lower grainstone of limestone below. Uppermost 1cm concentered ooids. Mixed with some gravel and fine-pebble vol-
canic clasts in lower part, sparse plant remains. Sharp top.

&? Coarsening upward from claystone and siltstone interlaminated to silty shale and medium siltstone. Very well sub-mm laminated, thickening upward, still sub-mm. Dark green
shale, weekly to non-calcareous. Common disseminated plant remains, bedding parallel, forming sparse discrete laminae in places. Sharp top. Profundal.

f==2 Wackestone (20) and mudstone, clotted with muddy lenses, mounded undulating top, low-relief., algal laminated. Much thinner than similar mounds below. Sharp top.
Grainstone/packstone, oolitic and peloidal, thick well-laminated and thin bedded. Sharp top.

LSA/LW, grey, two crudely coarsening upward (lower 1/3, upper 2/3) from fine/very-fine to fine/medium or medium/coarse in upper part. Well-CRL. Some plant remains, moder-
ately well to well sorted, some carbonate grain. Sharp top. Littoral to sub littoral.
62

3 A
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Limestone, mudstone, grey, one single beds with flat base and domed, nodular top, undulating and discontinuous, 1-5 cm thick beds, composed of clotted mud lamps filled with
silty wackestones in between, as thrombolites, forming small domed structures, in places algal laminated, upward increasing, some pockets of grainy wackestones, some patch-
i @ esof pisoids. Sharp top.

) Shale, silty, grey to dark grey, dense, very well laminated, local siltstone, non-calcareous, some scattered microfossils and sparse sand grains. Upper part pure claystone,
sub-mm laminated. Sharp top.

Packstone/grainstone, oolitic, grey, one single bed, well sorted, well laminated. Sharp top

LW.LSA, grey, coarsening upward from very-fine/fine, fine/medium/medium to coarse, with very coarse and granules, well laminated, CRL, proba-
bly XRL, moderately well sorted, moderately to very calcareous. Sharp top.

58

=22 Limestone, lower 10cm, well laminated/plane bedded grainstone of ooids and peloids, Upperpart thrombolitic and algal laminated, as small mounds and
stomatolites. Sharp top.

@g@ LW/LSA, light grey to grey, with volcanic lithics, some feldspars and quartz, fine to very fine, crudely coarsening upward to fine to medium, well laminated, CRL and bedded, very

57 calcareous, upward more carbonate grains and superficial ooids,. Sharp/gradational top. Littoral.

3

Lime mudstone and wackestones, domed, hemispheric, algal laminated, internally thrombolitic, forming stromatolite or algal mound. Maximum about 3m high and 5m wide (See

56 photos), tapering/thinning away from mounds, flanking beds are mainly packstone and grainstone of ooids and skeletal grains. Some bedding parallel stromatactic cements. 3
° types of structures: 1. Thrumbolitic. 2. Algal lamination. 3. Pisolitic and oncoided, in different parts and layers. Sharp top.
SZ14-
39,40

55

Packstone/grainstone, grey, well-laminated and plane bedded, rich in small (0.5-1mm) ooids (50%-100%). Upward ooids increase in size to maximum
2cm, upward dark grey to black, still well laminated and plane bedded. Upper part a 20-cm bed rich in fine-pebble clasts, imbricated. Gradational top.

Wackestone (50), greenish grey, arenaceous, well-thin laminated, peloidal. Gradational top.

Lime mudstone, black, lower part lenses and packstone of oolitic wackestones (50) lenses, with algal laminated. Similar to limestone of “168-cm” interval, but ooids much less,
better algal laminated. Sharp/gradational top.

LSA, slightly coarsening upward from finefmedium to medium/coarse, granular, well-CRL and plane beds and moderately low-angle tabular x-

bedded, variably calcareous. Common 10s-cm thick gravelly very coarse sandstone and granule-pebble conglomerate lenses. Apparently com-

mon superficial ooids (or diagenetic), tabular x-beds with reactivation surfaces. Sharp/gradational top. Littoral (?) or delta front.

LZT



Wackestone (70) to packstone, grey to dark grey, arenaceous, parallel to algal laminated, peloidal, some algal and skeletal fragments. Sharp top.

Coarsening upward from fine/medium gravelly LSA to gravelly coarse to very-coarse LSA and thin lenses of fine-pebble to pebble conglomerate, with CRL and upward to tabu-
lar x-beds. Sharp top.
P

= Coarsening upward from LSA, medium/coarse to pebble conglomerate, sandstone gravelly with granule-cobble clasts. 10s-cm thick conglomerate lenses are common. Basal part
CRX, upward to XRL, well-laminated and bedded. Sharp top. Delta front.

48

Upmost 20-40 cm, variety of limestones, highly heterolithic, rare volcanic clasts. Base undulating, top sharp flat, 3 beds in general. Lower part, well laminated black large oolitic
grainstone, 0-20cm thick. Medium part lime mudstone, brecciated, pockets of ooids and wackestones and packstone, algal laminated and stromatolitic in places, 0-30cm, grey.

> Upper part black algal laminated, mudstone and wackestones, hemi-spheric, laterally-linked, stomatolitic, 5-10cm. Upward decreasing energy and more evaporation. Sharp top.
Carbonate deposits on delta front platform. Intracyclic climate: Humid to arid changes.

Conglomerate, reddish grey, granule to pebble, sparse cobbles, imbricated, clast subrounded to rounded, volcanic and igneous. Sharp top. Delta front.

Coarsening upward from fine LSAto coarse LSA, CRL to XRL, well- laminated and bedded, upward increase granules. Lower part, possible superficial ooids. Sharp/Erosional top.
Distal delta front to delta front.
S§715-3 S
46
Py
45
s
33,34

® o LA/LSA, greenish grey, fining upward from medium to fine lithic, common superficial ooids and upward increasing. Well-sorted, subrounded to rounded, well-CRL and parallel
laminated, well-bedded, upward increasing calcareous, from weekly to very calcareous. Some skeletal fragment in upmost part. Gradational top. Transgressive.

Lime mudstone, interlaminated micritic and grainer laminae, black. Laterally persistent in thickness. (5214-35) Upmost 3cm, wackestones (30-50), skeletal grains. (SZ14-34)

op. Maximum transgressive, anoxic. CS

Conglomerate, brownish grey, granule-pebble, sparse cobble, common internal erosional surfaces, large low-angle x-beds, multiple 10s-cm fining upward successions of

pebbles of volcanic and igneous clasts, well-imbricated, subangular to subrounded. Overall fining upward crudely, upper part some gravelly very coarse LSA lenses. Coarse-
gravel. Sharp/erosional top. Meandering stream.
43
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41

Conglomerate, 70-80% clast, granule to fine-pebble to pebble, reddish grey. Gradational top. Channel lag.

s> Upward coarsening and thickening, LW and LSA and LA, dark grey to greenish grey, from very fine to fine, medium, and then medium to coarse. Moderately well to well sorted,
— supbounded to rounded, some floating lough grain, well to thick laminated and thin bedded. Upper part with low-angle tabular x-beds and plane beds, some laminae preferential
calcite cemented, moderate to very calcareous. Erosional top, about 3m in relief.

gz  Wackestone/mudstone, black, thick laminated, thin bed, well-laminated, apparently brecciated, light weight, friable, soft. Upmost 10 cm well-indurated, probably algal
laminated in places. Some plant fragments scattered. Gradational top. Anoxic profundal.

Packstone, grainy wackestone, light grey, weathered reddish brown, medium to coarse grained, well plane bedded, thin to medium beds, with intraclasts, peloidal, some scat-
> tered detrital grains. Lower part gravelly in places. Overall fining upward. Gradational top. High-energy shoal/beach.

Coarsening upward from fine LW to fine to medium, medium to coarse, coarse to very-coarse LSA, to fine pebble conglomerate in upmost 10 cm. Upper 2m is increasing
upward gravelly, with granule to fine pebble size clasts. Upmost 1m with thin lenses of clast-supported conglomerate. Gravels are black to reddish brown, volcanic/basaltic,
moderately-well to well rounded, mostly equant. Variably calcareous, upward increasing calcareous. Well thick laminated and thin to medium bedded, plane and tabular x-
bedded. Upmost 40cm, very well calcite cemented. Volcanic lithics and feldspar dominant. Sharp top, slightly erosional. Delta front.

37
SZ15-1

%

Siltstone, coarsening upward to very-fine LW, weekly to moderately calcareous, dark grey, well laminated and bedded. Locally preferentially calcite cemented. Upward thicker
laminated. Gradational top.

34

33 Similar to below, coarsening upward from very-fine/fine to medium/coarse, well laminated and bedded. Coarser than below. Sharp top.
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Grain size distribution of S7-42
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Grain size distribution of S8nw-2
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Grain size distribution of S7-59
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Grain size distribution of S7-67

16.00%
14.00%

6.00%

4.00% I

2.00% I I I

. ; =1 fan
O S S SR S VN

/\' 9?) N Q NS a% Y -

Grain Size (¢)

Percentage
o]
o
o
xX

o)

Grain size distribution of S7-73

16.00%
14.00%
12.00%

10.00%
8.00%
6.00%
4.00% I I
2.00% I
- m N Bl

0.00%
1 12515175 2 22525275 3 32535375 4 42545475 5 52555575 6
Grain Size ()

Percentage

N Tarlong
Grain size distribution of tr-30
20.00%
18.00%
16.00%
g)n 14.00%
& 12.00%
£ 10.00%
g 8.00%
a  6.00%
4.00%
2.00% I
N O M Q0O 90N D99 Y9N Y M9 N N
PN NN NN VIR PN PPN

Grain Size ()



Percentage

Percentage

Percentage

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

20.00%
18.00%
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

Grain size distribution of tr-31

0 02505075 1 12515175 2 22525275 3 32535375 4 42545475 5

Grain Size ()

Grain size distribution of tr-34-1

1 12515 175 2 22525 275 3 3.25 35 375 4 425 45 475 5 52555

Grain size distribution of tr-34-3

)

Ny

-
Y

Vv

%

[ |
N

©

N

o
N’.\

v
Vv

%

Grain Size ()

0 A9

© % o
VAN TNV

Grain Size ()

.

i
™

136



137

Grain size distribution of tr-40
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Grain size distribution of BO9-7
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