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Proportion of Mesozoic sedimentary rock types:
data from northern Eurasia reveal similarities
to North American patterns
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The Mesozoic stratigraphic record of northern Eurasia includes a total of 1,739 formations. The
proportion of conglomerate, sandstone + siltstone, shale, carbonates, evaporites, siliceous rocks, and
volcanics + volcaniclastics among sedimentary complexes are evaluated for each epoch of the
Mesozoic. Sandstone, shale, and conglomerate occur in 86%, 71%, and 42% of formations respectively.
Less common are carbonates (28%) and volcanics and volcaniclastics (24%), whereas evaporites and
siliceous rocks are rare (< 5%). The proportion of particular sedimentary rock types fluctuates
throughout the Mesozoic. The proportion of sandstone + siltstone changes quite similarly to that of
shale. A comparison of stratigraphic data from northern Eurasia and North America reveals some
similarities, including a Lower Triassic increase in the conglomerate proportion, a Middle-Upper
Triassic increase in the proportion of siliceous rocks, Upper Triassic-Lower Jurassic and Upper
Jurassic-Lower Cretaceous "clastic spikes", and a Middle-Upper Jurassic "carbonate-evaporite spike".
They may reflect any global-scale processes. Increases in clastic deposition coincided with eustatic
lowstands, whereas voluminous accumulation of carbonates and evaporites tended to coincide with
global sea-level rises. It remains unclear whether global climate was responsible for changes in the
proportion of sedimentary rock types.
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Introduction

The proportion of various types of sediments that accumulated in the Earth's
sedimentary basins varied significantly throughout the geologic time. These
changes were documented, particularly, by Ronov (1980), Ronov et al. (1980) and
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Peters (2006). Regional patterns of changes in proportion among some key types
of sedimentary rocks reflect both regional and global conditions. The latter can
now be evaluated in terms of new plate tectonic reconstructions (Cocks and
Torsvik 2002; Stampfli and Borel 2002; Torsvik and Cocks 2004; Scotese 2004;
Ruban et al. 2007) and new evaluations of past sea-level changes (Haq et al. 1987;
Hallam 1988, 2001; Haq and Al-Qahtani 2005; Miller et al. 2005). Moreover,
changes in sedimentation can be used for global modeling (e.g. Ronov et al.1980)
and for interregional comparison of sedimentary dynamics.

In this paper, I address the changes in proportion among sedimentary rocks in
the Mesozoic based on the data from northern Eurasia. The study area cor-
responds to the limits of the former USSR, for which excellent lithostratigraphic
compilations are available (see below). This territory is comparable to that of
North America as studied by Peters (2006) because it embraces a great variety of
geologic domains (Fig. 1). Mesozoic sedimentary environments were extremely
diverse. Some domains were boreal, whereas others lay close to the Equator;
some regions were dominated by continental sedimentation, whereas deep
marine basins occupied the others. Finally, this study area represents ~ 1/6 of the
Earth's land surface. The quantitative data reported herein allow a comparison
to be made with similar data from North America. Such a comparison helps to
identify common patterns and, therefore, to recognize global-scale processes.
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Location of area considered in this study and schematic representation of its geodynamic setting
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Materials and methods

The composition and age of the Mesozoic formations established within the
territory of northern Eurasia (i.e. ex-USSR) is summarized in a comprehensive
synthesis by Prozorovskaya (1979), where 1,739 valid formations and equivalent
units are described. Their age is defined as the epoch in which they were
deposited. It appears that the quality of this lithostratigraphic knowledge is
generally comparable to that of the COSUNA charts (Childs 1985) used by Peters
(2006). Despite differences in geologic time resolution (finer in the case of North
America), a direct comparison of northern Eurasian and North American units
appears possible.

Various techniques have been proposed for the quantitative analysis of
sedimentation (Ronov et al. 1980; Hallam and Wignall 1999; Peters and Foote
2001; Smith 2001; Crampton et al. 2003; Peters 2006; Ruban 2006, 2007, 2009).
Although Peters (2006) suggested hiatus-bound rock packages as "fundamental
units", formations are also useful (e.g. Hallam and Wignall 1999; Ruban 2009). To
convert the available lithostratigraphic information on the Mesozoic of northern
Eurasia to the data on hiatus-bound packages appears to be difficult because of
the presence of intraformational discontinuities and, in places, questionable ages
of sedimentary gaps.

For each formation, the presence of the specific type of sedimentary rock was
registered. It is suggested that conglomerate, sandstone + siltstone, shale,
carbonates, evaporites, siliceous rocks, and volcanics + volcaniclastics be
recognized. Volcanics is considered in this paper, because this rock type some-
times plays an important role in sedimentary packages, where it intercalates with
other rocks. Peters (2006) recognized evaporites, chert, clastics, mixed carbonate/
clastics, and carbonates, whereas he subdivided clastics into conglomerate, mixed
clastics, mudstone/siltstone and sandstone. The present study deals with specific
sedimentary rock types, whereas Peters (2006) investigated what he called
"lithofacies". The classification of sedimentary rocks preferred herein follows
Boggs (2006). However, shale is distinguished from other clastic sediments,
whereas siltstone is grouped with sandstone. The reasons are as follows.
Conglomerate and sandstone are terrigenous (Boggs 2006), whereas clay can be
both detrital and authigenic (Chamley 1989; Weaver 1989; Velde 1992, 1995; Fagel
2007). Siltstone contains less than 30% clay particles (Boggs 2006) and, con-
sequently, is dominated by terrigenous components. Thus, it needs to be grouped
with sandstone rather than with clay. Most of the northern Eurasian formations
consist of several types of sedimentary rocks, and some of them (like marlstone)
have a composite content. Thus, the number of formations containing each
particular sedimentary rock is tallied in the present study accordingly (Table 1).
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Table 1
Distribution of the Mesozoic formations from northern Eurasia by lithology and series. Number of
formations is indicated everywhere

Lithologies T T2 T3 J1 J2 J3 K1 K2
total

Nt (1,739) 126 77 144 243 293 301 434 406
(C;’gg)’ome’ ate 56 30 77 144 131 124 174 146
sandstone and siltstone 108 57 136 234 264 238 384 319
(1,492)
shale
(1,241) 92 56 106 191 217 209 304 269
carbonates

Nr (481) 24 17 27 27 43 119 123 155
evaporites
(57) 3 0 1 2 3 18 16 21
siliceous rocks
(66) 4 3 6 5 7 11 17 27
E/:{%a)mlcs and volcaniclastics 36 24 27 37 65 73 113 121

Abbreviation of series: T1 — Lower Triassic, T2 — Middle Triassic, T3 — Upper Triassic, J1 — Lower
Jurassic, J2 — Middle Jurassic, J3 — Upper Jurassic, K1 ~ Lower Cretaceous, K2 — Upper Cretaceous.
NOTE: some formations contain more than one rock type, and some formations were formed during
several epochs.

The proportion of a particular rock type is calculated as follows:
RA = (Nr/Nt)x100%,

where RA is the relative abundance of the rock in a given series, Nr is the number
of formations containing a given type of rocks within a given epoch, and Nt is the
total number of formations recognized within the study area for a given epoch.
The proportion of conglomerate, sandstone + siltstone, shale, carbonates,
evaporites, siliceous rocks, and volcanics + volcaniclastics are used to study their
relationships in the Mesozoic epochs. In this way we can measure both changes
in accumulation of particular sediments and changes in the general character of
sedimentation. In both cases, we can (1) delineate the general trends of changes
and (2) specify a number of outstanding patterns. It is necessary to emphasize
that this paper addresses the proportion (= relative abundance, relative
importance) among sedimentary (and volcanic) rocks, and not their absolute
mass or accumulation rates.

In order to compare distribution of rock proportion by series and similarity of
series, a statistical tool of detrended correspondence analysis (Hill and Gauch
1980) is used. Established values of RA (and not those of Nr) are counted for this
purpose. The paper presents qualitative interpretation of results from this
analysis.
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Results
Northern Eurasian patterns

A total of 1,739 Mesozoic formations are established within northern Eurasia.
The number of formations differs significantly from series to series (Table 1). The
Triassic series are characterized by relatively low numbers of formations (126 for
the Lower Triassic, 77 for the Middle Triassic, and 144 for the Upper Triassic).
Jurassic series are represented by a larger number of formations (243 Lower
Jurassic, 293 Middle Jurassic, and 301 Upper Jurassic). The number of formations
in the Cretaceous is larger still: there are 434 units of Lower Cretaceous and 406
units of Upper Cretaceous. Thus, the Mesozoic of northern Eurasia shows a
stepwise increase in formation numbers. It appears that sedimentation during
the Mesozoic was dominated by sand, clay, and conglomerate. The equivalent
rocks are known in 1492 (RA=86%), 1241 (RA=71%), and 732 (RA=42%)
formations, respectively. Carbonates and volcanics + volcaniclastics were much
less abundant. They are contained in 481 (RA=28%) and 415 (RA=24%)
formations respectively. The least abundant were siliceous (66 formations,
RA=4%) and evaporite (57 formations, RA=3%) rocks. Thus, clastic
sedimentation prevailed during the Mesozoic in northern Eurasia.

The proportion of the main sedimentary rock types changes in a different
fashion (Table 2, Fig. 2). The proportion of conglomerates does not fluctuate much
in the Mesozoic (Fig. 2). Its maximum is reached in the Upper Triassic-Lower
Jurassic, whereas the lowest values of RA for conglomerate are registered for the
Middle Triassic and the Upper Cretaceous. A general trend of decreasing relative
abundance of conglomerate begins in the Middle Jurassic and continues to the
end of the Mesozoic. The proportion of sandstone and siltstone was also rather
stable within the time span considered (Fig. 2), but no trend is evident. Three
sharp increases in sand deposition, however, are noted. They occurred in the
Early Triassic, the Late Triassic-Middle Jurassic, and the Early Cretaceous. The
proportion of shale increases since the Lower Triassic (Fig. 2). After a peak in the

Table 2
Proportion of the main rock types (RA, %) among the other sedimentary rocks in the Mesozoic
of northern Eurasia. See Table 1 for abbreviation of series

Lithologies T T2 T3 J1 J2 J3 K1 K2
Conglomerate 44 39 53 59 45 41 40 36
Sandstone and siltstone 86 74 94 96 90 79 88 79
Shales 73 73 74 79 74 69 70 66
Carbonates 19 22 19 11 15 40 28 38
Evaporites 2 0 1 1 1 6 4 5
Siliceous rocks 3 4 4 2 2 4 4 7
Volcanics and volcaniclastics 29 31 19 15 22 24 26 30

NOTE: some formations contain more than one rock type, and some formations were formed during
several epochs
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Fig. 2

Proportion of particular rock types (RA) among the other sedimentary rocks in the Mesozoic of
northern Eurasia. Data are taken from Table 2. See Table 1 for abbreviation of series
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Lower Jurassic, it decreases toward the Upper Cretaceous. In contrast, the
proportion of carbonates fluctuates noticeably (Fig. 2). A general increase in
relative abundance of carbonate is interrupted by two prominent drops, which
took place in the Upper Triassic-Lower Jurassic and the Lower Cretaceous.
Evaporites were abundant only in the Upper Jurassic-Lower Cretaceous (Fig. 2).
No evaporites are reported from the Middle Triassic formations. Siliceous
sediments are of low abundance during the entire Mesozoic, although they
increase slightly in the Upper Cretaceous (Fig. 2). The relative abundance of
volcanics and volcaniclastics remains high in the Lower-Middle Triassic, then
decreases significantly, and rises again in the Middle Jurassic-Upper Cretaceous
(Fig. 2).

The documented proportion of sedimentary rocks (Fig. 2) allows judging about
Mesozoic depositional processes in northern Eurasia. The Early-Middle Triassic
sedimentation in northern Eurasia was dominated by sand, silt, and clay. In the
Late Triassic the importance of volcanics and volcaniclastics decreased, whereas
that of conglomerate increased. Thus, sedimentation was dominated again by
clastics and shale. In the Lower Jurassic, the proportion of clastics becomes
extremely large. In the Middle Jurassic the proportion among sedimentary rocks
remains the same, although the importance of carbonates and volcanics +
volcaniclastics increases. Clastic sedimentation dominated northern Eurasia until
the end of the Mesozoic, though its significance decreased gradually.
Simultaneously the role of deposition of carbonates and volcanics +
volcaniclastics rose, with maxima in the Late Jurassic and the Late Cretaceous,
respectively. The Upper Jurassic was the oldest Mesozoic series in which the
relative abundance of carbonates (40% of formations) is comparable with that of
conglomerate (41% of formations). However, neither carbonates nor con-
glomerates reach the relative abundance of sandstone and siltstone or shale. In
the Early-Late Cretaceous northern Eurasia was dominated by the accumulation
of sand and silt.

There are three outstanding patterns outlined by the measured sedimentary
rock proportion. The first pattern I call the "clastic spike", which is a significant
increase in the proportion of conglomerate, sandstone, and siltstone in the Upper
Triassic-Lower Jurassic (Fig. 2). The second pattern, the "carbonate-evaporite
spike", is reflected in a dramatic increase in the importance of carbonate and
evaporite deposition in the Late Jurassic (Fig. 2). The third pattern, the
"sandstone spike", is a short-term increase in the proportion of sandstone and
siltstone in the Lower Cretaceous (Fig. 2). It is possible to identify an additional
pattern named the "volcanic demise". It occurs in the Lower Jurassic, when the
proportion of formations containing volcanics and volcaniclastics dropped to its
minimum (Fig. 2).

Results of the detrended correspondence analysis (Fig. 3) suggest that the
Mesozoic dynamics of proportion of the main sedimentary rock types differed
significantly with only one exception. The relative abundance of sandstone +
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Results of the detrended correspondence analysis of the relative abundance of rock types (RA) in the
Mesozoic series. Data are taken from Table 2. Distance between dots is significant for judging about
similarity and clusters (see http:/ordination.okstate.edu/DCA.htm for more explanations of this
statistical tool). See Table 1 for abbreviation of series

siltstone and shale changes similarly. This allows one to suggest a deposition of
these rock types by the same processes and, thus, a relatively low differentiation
of medium-to-fine clastics by grain size in the course of depositional processes.
As for the Mesozoic series, they were quite similar by representation of
sedimentary rock types (Fig. 3). The most dissimilar were the Lower Jurassic and
the Upper Cretaceous. However, it is impossible to reach a conclusion about any
definite trend of changes because the Upper Triassic is grouped closely to the
Middle Jurassic and the Late Jurassic is grouped closely to the Upper Cretaceous.

Comparison with North America

In North America, Mesozoic sedimentation was dominated by clastics (Peters
2006). The same is true for northern Eurasia, as shown above. The calculations
made by Peters (2006) suggest that fluctuations in the proportion of particular
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sedimentary rocks were large, with no evident trends (Fig. 4). This is also the case
for northern Eurasia. However, specific patterns can be compared and allow us
to draw some important conclusions.

Three patterns, marked by an increase in the proportion of conglomerate in
North America, occur in the Early-Middle Triassic, the Early Jurassic, and the
Early Cretaceous (Peters 2006). The first two of them can be recognized in
northern Eurasia (Fig. 2). The proportion of total clastics (i.e. conglomerate, sand,
siltstone and clay) increases dramatically at the Triassic-Jurassic and Jurassic-
Cretaceous transitions in North America (Fig. 4). These correspond to the "clastic
spike" and the "sandstone spike", respectively, which were noted in northern
Eurasia (see above). Four episodes of  RA, %

an increase in carbonate deposition are 100 her.
established in North America (Fig. 4). .
They occurred in the Early Triassic, the 80 evaporites

Middle Triassic, the Middle Jurassic,
and the late Early Cretaceous. The first

and the last ones are not found in 607 clasiics

northern Eurasia (Fig. 2). However, the

Middle Triassic pattern, although less 40— mixed
significant, is also registered in carbonates/clastics

northern Eurasia, and the Middle 20
Jurassic pattern in North America
corresponds with the above-men- carbonates
tioned "carbonate-evaporite spike", 0
although with some delay. As for Fig, 4

evaporites, a prominent peak in their Sedimentary rock proportion in the Mesozoic of
relative abundance is registered in  North America (modified after Peters 2006)
North America in the Middle-Upper

Jurassic (Fig. 4) and corresponds well

with the northern Eurasian "carbonate-evaporite spike" (Fig. 2). Another smaller
evaporite peak, evident in the upper Lower Cretaceous of North America (Fig. 4)
is not recognized in northern Eurasia, although evaporite deposition was
relatively voluminous during this epoch (Fig. 2). Siliceous rocks of Triassic-Early
Jurassic ages are relatively abundant in North America (Fig. 4). In northern
Eurasia, the Middle-Late Triassic is characterized by a slightly larger proportion
of siliceous rocks (Fig. 2).

The comparison of Mesozoic sedimentary records between North America and
northern Eurasia permits the delineation of several similar patterns. These are a
Lower Triassic increase in the conglomerate proportion, a Middle-Upper Triassic
increase in the proportion of siliceous rocks, Upper Triassic-Lower Jurassic and
Upper Jurassic-Lower Cretaceous "clastic spikes", and a Middle-Upper Jurassic
"carbonate-evaporite spike". It would be meaningful to search for them in the
famous reconstructions by Ronov et al. (1980), but the latter deals with mixed

Triassic | Jurassic |Cretaceous
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lithologies. Thus, data from Ronov et al. (1980) is not detailed enough to discuss
the above-mentioned common patterns. An exception is the increase in carbonate
proportion in the Upper Jurassic, which is documented by Ronov et al. (1980).
Additionally, the recently published compilation by Hay et al. (2006) reveals a
remarkable episode of halite deposition that embraced the Late Jurassic and the
Early Cretaceous and, therefore, matches our "carbonate-evaporite spike".

Discussion
Changes in total formation number

The more-or-less stepwise increase in the number of formations per series in
northern Eurasia throughout the Mesozoic may reflect three different factors
(Fig. 5). First, an increase in the number of formations may indicate a diversity of
sedimentary environments. The more sedimentary environments there are, the
more likely it is that there will be more lithostratigraphic units recognized. This is
partly supported by our results. An increase in proportion of carbonates,
evaporites, and volcanics + volcaniclastics in the second half of the Mesozoic
(Fig. 2) may indicate a diversification of depositional environments. The second

Ma
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WARM
99.6
145.5
COOL

161.2

175.6

Fig. 5
Number of formations in
northern Eurasia, eustatic
changes (re-scaled from Haq
and Al-Qahtani 2005), and
WARM climate modes (after Frakes
et al. 1992; Grocke 2009).
Numeric ages are those
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factor is the sediment preservation potential. The eustatic sea-level rise during
the Mesozoic (Haq and Al-Qahtani 2005) (Fig. 5) might have protected deposits
from further erosion. Note that even non-marine sedimentation can be affected
by sea-level changes (Catuneanu 2006). The third factor has to do with the
absolute lengths of the Mesozoic epochs (Ogg et al. 2008). In general, the longer
the epoch the larger is the number of formations, but there are exceptions. The
Early Jurassic, for instance, was longer than the Middle Jurassic, but the number
of Lower Jurassic formations is lower. Similarly, the Middle Triassic was much
longer than the Early Triassic, but the number of Lower Triassic formations is
larger.

Global paleoenvironmental controls on sedimentary rock proportion

Those Mesozoic patterns recorded by the changes in the proportion of
sedimentary rocks common to both northern Eurasia and North America, should
have global-scale explanations. The continents being compared had distinct
tectonic settings during most of the Mesozoic and they were not linked
tectonically (Stampfli and Borel 2002; Scotese 2004). In other words, these
common patterns undoubtedly reflect specific global conditions. Among
numerous possible explanations for the documented patterns, I emphasize
eustatic fluctuations and climate.

The Mesozoic eustatic fluctuations are reconstructed by Haq et al. (1987) and
were recently re-evaluated by Haq and Al-Qahtani (2005) (Fig. 5). The high
proportion of Lower Triassic conglomerate evidently corresponds to the
extremely low global sea level. There were no major changes in the global sea
level at the Triassic-Jurassic transition, and it is therefore impossible to establish
eustatic causes for the Late Triassic-Early Jurassic "clastic spike". However, Hallam
and Wignall (1999) and Hallam (2001) suggested a prominent regression at the
Triassic-Jurassic transition, which was caused by mantle plume activity. Some
drop in global sea level at the beginning of the Cretaceous may explain another
"clastic spike", which occurred in the Late Jurassic-Early Cretaceous. As for the
Middle-Late Triassic increase in the proportion of siliceous rocks and the Middle-
Late Jurassic "carbonate-evaporite spike", both took place during a long-term
gradual eustatic sea-level rise.

It is not evident whether the global climate (Fig. 5) might have been linked
with the reported patterns common for northern Eurasia and North America.
The increases in clastic deposition occurred during both warm and cool climate
regimes. Although carbonates and evaporites became abundant together with
establishing of the cool mode in the Middle Jurassic, their deposition was also
significant in the Late Cretaceous, when the climate was warm. Much, however,
depends on how we reconstruct the Mesozoic climates. The modes established
by Frakes et al. (1992) and Grocke (2009) do not coincide with some recent
suggestions, e.g. those on minor glaciations during the Late Cretaceous (Galeotti
et al. 2009).
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Conclusions

The study of proportion among Mesozoic sedimentary rocks within northern
Eurasia leads to the three following conclusions:

1) the Mesozoic sedimentary complexes of northern Eurasia are dominated by
sandstone, siltstone, and shale;

2) similar patterns are recognized in northern Eurasia and North America,
which include a Lower Triassic increase in the conglomerate proportion, a
Middle-Upper Triassic increase in the proportion of siliceous rocks, Upper
Triassic-Lower Jurassic and Upper Jurassic-Lower Cretaceous "clastic spikes",
and a Middle-Upper Jurassic "carbonate-evaporite spike";

3) eustatic changes might have been an important global control on
proportions of sedimentary rocks during the Mesozoic.

Further studies are needed in order to document the proportion of
sedimentary rock types on other continents, like South America, Africa, and
Australia.
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