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A feature of uniformitarian history is an
insistence that its interpretation of the

past is science —i.e., “historical science”

(c.f., Cleland, 2013). Ultimately, this
claim is diminished because incomplete
data, ad hoc hypotheses, and the depths
of time multiply into a weight of uncer-
tainty that science cannot bear. That is
why we have always preferred the mixed

Accepted for publication May 12, 2022

Abstract

onfidence in forensic natural history increases when data are
Csimple, observable, and complete. Larger scale often helps. For
continental sedimentary rock and marine sediments, the best combina-
tion of these factors would be found in assessing their global volume and
distribution. Geologists developed estimates long ago, but only in recent
decades have database and mapping technology combined to allow
reasonably accurate global maps of continental and marine sediment.
Just recently, a good estimate of the volume and average thickness of the
ocean sediments became available through the GlobSed project. The
volume and thickness of the continental sediments is more difficult to
describe for several reasons; defining the continent-ocean boundary is
one. Defining Precambrian sedimentary basins and their relationship
to the Genesis Flood adds uncertainty, but the goal of defining the

global distribution of Flood sediments is worth pursuing.

question paradigm (Adler, 1965) that
acknowledges inherent uncertainties
absent a threat to core ideas (Reed and
Klevberg, 2015).

Ideas and technologies change, but
the fundamental question of natural
history is “what can we know about
Earth’s past?)” followed closely by “how
do we know?” Modern geohistory offers
inconsistencies even at the level of the

definition of its fundamental principle of
uniformitarianism (Gould, 1965, 1975;
Reed, 1998; 2010; 2011; 2018; Miall,
2015;). Another problem is the lack of
completeness of observed phenomena
(e.g., erosion volume, landscapes, strata,
faulting) (Reed and Klevberg, 2017,
2018).

Arelated issue is scale. Only recently
have a plethora of observations, database
handling, and computer-aided mapping
begun to clarify the nature of large-scale
phenomena. For sedimentary rock
(strata), the most basic, large-scale fea-
tures are the volume and distribution of
sediment bodies and sedimentary basins
on a global scale. A related phenomenon
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is the depth to basement. For diluvialists,
assessing which portions of these strata
are diluvial is critical to understanding
their work.

If a global flood shaped the face of
the Earth, its fingerprints should be vis-
ible in these phenomena. With respect
to absolute volume, Reed and Oard
(2017) demonstrated that it is unifor-
mitarian time, not diluvialism, that has
problems—contrary to the hackneyed
assertion that there are too many rocks
to have been generated in a one-year
Flood. The real problem is exactly the
opposite —that there are not enough
rocks for uniformitarian processes acting
over deep time. Issues like this force nu-
merous ad hoc excuses, such as erosion
or nondeposition.

But volume and average thickness
are only part of the story. The distribu-
tion of sediments and sedimentary rocks
conveys more helpful information.
Based on the principle that the young-
est features will be the least obscure (at
least in outcrops though not necessarily
in oil wells), we focus on the accumula-
tions of sediment in the oceans from the
GlobSed project, especially the thick
continental margin sediments. Comple-
mentary smaller-scale data, such as the
composition and interior architecture
of these sediment bodies; the lateral,
vertical, and stratigraphic arrangement
of fossils; and the relationship between
sediments and mechanisms of erosion,
transport, and deposition are subjects
for later study.

Historical Background

It was only in the last century that geolo-
gists could empirically begin assessing
global sedimentary volume and distribu-
tion. Blatt (1970, p. 259) noted, “All pub-
lished estimates of sedimentary volumes
are based on reasonable assumptions
but inadequate data.” Early estimates
were based on proxies, such as rock and
ocean geochemistry (e.g., Clarke, 1924),
though it proved a poor proxy (Peters et

al., 2018). Recent decades have seen an
explosion in advanced mapping, data
processing, and marine seismic data
that has allowed more accurate maps of
global sediment distribution.

But even those early efforts pointed
to major issues, the most basic being the
significantly inequitable distribution be-
tween continents and oceans, and then,
in marine settings, between continental
margins and deep ocean basins. While
definitions between these regimes can
vary by researcher and whether they
employ geographic vs. geologic criteria,
for the purposes of this paper, we follow
the boundary definitions of Straume
et al. (2019) in which the continental
and marine sediment boundary is the
shoreline. An in-depth analysis of this
issue is too complex to pursue here, but
is acknowledged.

Harvey Blatt

Blatt’s (1970) estimate of global sedi-
ment volume and mean thickness was
extrapolated from geologic maps of
North America. He defined continental
margin sediments by their underly-
ing basement (sialic vs. oceanic) and
included those over sialic crust, thus
including some continental margin sedi-
ments, in his calculation. He estimated
the mean thickness for the continents
at 1,829 m. Deep marine sediments,
estimated from limited data at the time,
returned a mean thickness of 244 m. His
total global mean thickness was 820 m,
close to Clarke’s (1924) 762 m, derived
geochemically from comparing sodium
in the ocean to that in rocks.

Blatt and Jones (1975) went further,
estimating the areal extent of various
lithologies exposed at Farth’s surface
by a coarse random sampling technique
and statistical checks. Of 3,000 random
points on the globe, 768 were usable
as data points. Based on those, they
concluded that sedimentary rocks were
exposed on 66% of the globe, give or
take 3.5%. They also noted variations
in igneous rocks between continents,

based on centers of Cenozoic volcanism
(see their Table 1). Estimating percent-
ages of volume by age, they predicted a
declining curve of volume-to-age based
on erosion and recycling over millions of
years: “All workers have agreed that the
relationship between sedimentary rock
age and its outcrop area is described by a
decay curve like that for radioactive min-

erals” (Blatt and Jones, 1975, p. 1088).

Alexander Borisovich Ronov
Born in 1913, the Russian scientist
Ronov spent his career at the Vernadski
Institute of Geochemistry of the Acad-
emy of Sciences of the USSR, studying
crustal sedimentation and geochemistry.
That work was summarized in English
in a monograph published by the
American Geological Institute in 1983,
reprinted from the International Geol-
ogy Review (1982), which was translated
from a Russian monograph published
in 1980. Sadly, the 1983 monograph
is difficult to find outside of university
libraries. It compactly, yet comprehen-
sively, discussed sediment distribution,
thickness, chemistry, and stratigraphy.
Ronov (1983) also noted the obvi-
ous discrepancy between marine and
terrestrial sedimentation (Figure 1) and
estimated an average global thickness of
2,200 m—Dbased on a continental aver-
age of 5,000 m, a deep ocean figure of
400 m, and a continental margin thick-
ness of 2,500 m. His total volume for
sedimentary rock (including most of the
Precambrian sedimentary rocks) was 1.1
billion km* or 11% of the crust. Ronov
used the term “stratisphere” for the outer
crust, composed of layered sedimentary
and volcanic rocks above crystalline
basement. Of Earth’s land area, nearly
149 million km?, the stratisphere covers
119 million km? (46,004,844 mi.?), or
80%. The remaining 20% is the exposed
crystalline basement of the shields. Blatt
and Jones (1975) had estimated that
sedimentary rocks covered only 66% of
land area. Part of the difference is Blatt
and Jones (1975) including part of the
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continental margins, but part was simply
the data deficiencies of that time and the
greater data density studied by Ronov.

Ronov (1983) also evaluated rock
composition, noting that Proterozoic
rocks were largely terrigenous, with 11%
carbonate, 8% volcanics, and virtually
no “evaporites.” (Because of numerous
uniformitarian problems explaining the
origin of huge salt and gypsum deposits,
we do not believe they originated from
evaporating seawater, but are instead
precipitates. We will use the researcher’s
terminology with quote marks.) In con-
trast, he calculated the Phanerozoic as
59% terrigenous, 23% carbonate, 16%
volcanics, and having three times more
“evaporites” than found in Precambrian
rocks. Since Ronov’s work is over 50
years old, more “evaporites” have been
found in the Precambrian in Saudi
Arabia, Pakistan, and India. Ronov noted
that geochemical mass balance esti-
mates for the mass and types of sedimen-
tary rocks do not agree with actual data
and suggested changing ocean chemistry
through time.

Blatt and Ronov represent the apex of
the pre-computer-world understanding
of global sediment distribution. Their
works were solidly empirical yet suffered
from a lack of data and deepwater drill-
ing activity, particularly limiting their
understanding of the marine sediments,
as well as the challenges of analyzing
and mapping massive data sets. Given
the absence of today’s computational
technology, Ronov’s (1983) work, es-
pecially, is impressive for its systematic,
quantitative approach. However, their
studies are now a half century out of date.

Modern Estimates
of Glohal Sediments

Refinement in our understanding of

global sediment distribution has been
attempted since the 20" century. Better
estimates of continental sediments have
been made, spearheaded by efforts like
the Macrostrat project (Peters, 2000),
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Figure 1. Contrast between surface area of sediment platforms (left) and volume
of sediments (right), based on Ronov’s (1983) calculations.

although their assessments of other
continents do not match the data-driven
analysis of Clarey (2020). Oceanic sedi-
ment distributions are much more thor-
ough and accurate, thanks to the truly
global picture provided by the GlobSed
project (Divins, 2003; Whittaker et al.,
2013; Straume et al., 2019).

GlohSed

We will summarize the important vol-
ume and distribution of sediments from
the GlobSed project. A rough estimate
for the total sediment thickness for the
oceans was published by Divins (2003),
as version 1 of GlobSed. In version 2, a

better estimate of the sediment thickness
in the Australian and Antarctic regions
and the area in between was added by
Whittaker et al. (2013). The first two
attempts contained uncertainties that
were addressed by Straume etal. (2019).
Earlier uncertainties included the lack
of adequate thicknesses where sediments
were greater than 1.5 km and poorly re-
solved areas due to a lack of seismic data.
Version 3 of GlobSed (Straume et al,,
2019) increased the projected volume
of oceanic sediments by an astounding
29.7% over earlier versions. New data for
the northeast Atlantic, Mediterranean
Sea, and the Arctic and Antarctic conti-
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nental margins were largely responsible
for this change.

Straume et al (2019) calculated
about 3.37 x 10% km? of sediment over
an oceanic area of about 3.63 x 108 km?
for an average thickness of 927 m. He
divided up the oceans into three areas:
(1) the continental margins, (2) the
deep sea, and (3) the area between the
margins and the deep sea (Table I). The
continental margins represent 12.9% of
the ocean area, 0.469 x 10% km?, with
a sediment volume of 1.43 x 10% km’
and an average sediment thickness of
3,044 m. The deep-sca area is defined
as starting 200 km oceanward of subsur-
face continent/ocean boundary, which
represents 76.9% of the oceanic area or
2.79 x 108 km?. The sediment volume in
the deep sea is 1.13 x 10® km® with an
average thickness of 404 m. The area
between the margin and the deep sea
is 0.37 x 10® km?, about 10.2% of the
ocean area. It has a sediment volume of
0.81 x 108 km’® with an average thickness
of 2,189 m.

The thickest marine sediments (Fig-
ure 2) are along the Arctic and Antarctic
continental margins, the Gulf of Mexico,
the eastern United States, the Bay of
Bengal, and the Mediterranean Sea.

Macrostrat

Macrostrat is a research project that col-
lects geological data that characterize
the lithology, age, and physical-chemical
properties of rocks and sediments of the
Earth’s upper crust (Peters et al., 2018).
It is built on the COSUNA (Correla-
tion Of Stratigraphic Units of North
America) charts (Peters, 2006). The
COSUNA charts were produced by
the American Association of Petroleum
Geologists in the 1980s and resulted in
hundreds of local to regional generalized
geological columns, using well and any
other data available at the time (Childs,
1985). COSUNA charts show numer-
ous unconformities and missing time
because of the emphasis on the age of
the strata, based mainly on fossils (Miall,

Table I. The three divisions of the ocean according to Straume et al. (2019): (1)
the continental margins, (2) the area between the margins and the deep ocean,
and (3) the deep ocean. The area of the deep ocean is defined as the area 200 km
oceanward of the subsurface continent/ocean boundary.

Area Sed. Volume Mean
Province (10 km?) (106 km?) Thickness (m)
Total Ocean 363 337 927
Cont. Margins 46.9 143 3,044
Transition: margin 37 81 2,189
to deep ocean
Deep Ocean 279 113 404

2016). Based on Macrostrat data, Peters
and Husson (2017) calculated an aver-
age depth of continental Phanerozoic
sediments of 3,630 m. If Ronov’s (1983)
estimate (980 m) for continental Pre-
cambrian strata is added, they reach a
total of 4,610 m. They based this result
on North America and the circum-
Caribbean region, and extrapolated to
the rest of the continental areas, which
is a grave weakness in their procedure.
They used a little continental margin
sediment and the oceanic area around
the Caribbean islands. Their estimate
is very close to Ronov’s (1983) estimate,
which was of greater global reach but
lower resolution.

Tim Clarey and Davis Werner

Clarey and Werner (2017, 2018) and
Clarey (2019, 2020) are assessing
continental sediment thickness using
megasequences based on Sloss’s (1963)
work. He started with the COSUNA
data, which he heavily edited, and then
gathered his own data across North
America, South America, Africa and
the Middle East and Europe (Clarey,
2019, 2020) and most recently totals
from Asia (unpublished). His data set

was compiled from oil wells, measured
sections, and selected seismic data.
Many of his data points are from wells
on the continental margins that were
drilled in the last few decades. He con-
cludes that there is about an average
thickness of 3,280 m of sediment for the
Phanerozoic across the continents and
the continental margins combined (per-
sonal communication, 2022). If Ronov’s
Precambrian total of 980 m average is
correct (Clarey believes it to be much
less), the average sediment thickness on
the continents, including new data from
Asia, is 4,260 m. Clarey and Werner also
compiled a separate average thickness
for just the continental margins across
the same five continents, finding an aver-
age thickness of 3,820 m on the margins.
This is considerably thicker than on the
land portion of the continents (personal
communication of unpublished data by
Clarey and Werner). This value is also
higher than the average from GlobSed,
and the difference may be because
GlobSed included all the continents
and because of different definitions of
the continental margin.

We believe Clarey and Werner’s

estimate is more accurate but still needs
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Figure 2. Most recent GlobSed map of distribution of marine sediments. Modified from Straume et al. (2019).

to include Australia and Antarctica. We
still need to find the average volume and
thickness of the continental sedimentary
rocks without the continental margin
in order to compare with GlobSed.
Their work and ours are still in progress.
Clarey and Werner are now compiling
stratigraphic columns across Australia
(personal communication, 2022). Fach
megasequence is defined for its area on
each continent, then an average thick-
ness calculated for that area.

Gontrary Gonclusions for
Predicted Volume of Strata
with Age on the Continents

Sedimentary rocks are most commonly

binned by age in both the Phanerozoic
and Precambrian. This is the essence
of every geologic map, the COSUNA
charts, megasequences, and Macrostrat.
However, as Reed and Oard (2017)
noted, substantive uniformitarian pre-

dictions are often not confirmed in the
field. This leads to numerous ad hoc
justifications, narrative shifts, and polite
silences.

It had been predicted that because
of steadily-increasing time for erosion or
due to a lack of deposition, the amount
of strata on the continent should de-
crease exponentially back in time. This
is a straightforward prediction of unifor-
mitarian geology:

Exponential decrease in surviving
quantity with increasing age is a ba-
sic prediction of any model in which
sediments, once deposited, are
subjected to a continuous random
probability of destruction. (Peters
and Husson, 2017, p. 323)

This makes logical sense, given
the proposition of deep time, and, if
anything, the effect is understated by
uniformitarians relative to observed rates
(c.f., Figure 7, Reed and Oard, 2017).
Many researchers have advocated such

an exponential decrease the older the

age. For example, Blatt and Jones (1975,

p. 1088) confidently asserted that, “All

workers have agreed that the relation-

ship between sedimentary rock age and

its outcrop area is described by a decay

curve like that for radioactive minerals.”

However, Ronov (1983) and Ronov

et al. (1980) discovered that the field

distribution of sediments by age ran

counter to this accepted wisdom, noting

that there was not a smooth exponen-

tial decrease of sediment volume with

older age in the Phanerozoic (Figure

3). Ronov (1983, p. 12) was aware that

this ran counter to both uniformitarian
prediction and received wisdom:

The scale of the loss may be judged

solely by statistics, assuming that

the older the sedimentary rocks, the

greater the likelihood that they have

been eroded. In that case, the rela-

tive mass of the sedimentary rocks

should gradually decrease from
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Figure 3. Ronov (1983) compared total sediment mass by stratigraphic periods,
showing that there was not a smooth exponential decline in sedimentation, as

predicted by many, over time. Instead, mass varied indiscriminately. Contrast with

Blatt and Jones’ (1975) assertion of exponential decline in quote above. Modified

from Ronov (1983, Figure 7).

younger to older. Gregor... recently
came to that conclusion, followed
by Garrels and Mackenzie.... They
established that the relative mass of
sedimentary rocks should decrease
according to an exponential law,
from the present to the distant past.
However, field evidence (Figure 3)
showed Ronov (1983, pp. 13-14, em-
phasis added) something else:
I constructed histograms....in which
are plotted the relative masses of the
sedimentary rocks assigned to each
period of the Phanerozoic....Con-
trary to expectation, the graphs do
not reveal a regular decrease in the

relative masses of rocks with increas-

ing time; instead, they show period
fluctuations. Thus, I must maintain
firmly that globally significant ero-
sion of masses of sedimentary rocks
did not take place during the course
of the Phanerozoic time, and that
the fluctuations were most probably
controlled by periodic changes in
the intensity of sedimentation. It
must be acknowledged... that over
the larger time intervals... equal
to entire eras... the relative mass
of sedimentary rocks tends to de-
crease.... The decrease is weak in
the Phanerozoic interval, but much
sharper in the late Proterozoic

interval.

The Macrostrat project, limited in
scope because of its analysis of North
America and the Caribbean, reinforced
Ronov’s (1983) conclusion that field
data do not show an exponential de-
crease in sediment volume the older the
age for the Phanerozoic:

Here we use comprehensive sur-
face and subsurface data in North
America as well as regional and
global geological maps to show
that decreasing sedimentary rock
quantity with increasing age is nota
prevalent pattern in the sedimentary
rock record. (Peters and Husson,
2017, p. 323)

If the Precambrian sedimentary rock
is included, there is of course a sharp
decline of preserved volume from the
Quaternary to the Mesoproterozoic,
about 1,600 million years ago, but the
main decline is from the Cambrian
to the late Neoproterozoic, with little
change throughout the Phanerozoic or
older than the late Neoproterozoic.

However, Clarey and Werner (2017)
and Johnson and Clarey (2021) have
drawn opposite conclusions and shown
that the volume of sedimentary rocks
does decrease significantly back across
the uniformitarian timescale. They
argue this pattern is real because it
was a progressive Flood, starting with
minimal coverage early, followed by
more and more coverage as the Flood
year progressed (Clarey and Werner,
2017; Johnson and Clarey, 2021). At
this point, we simply report the different
results, which points out the difficulty
of not only estimating the volume of
strata on the continents but its pattern
and age. We hope to address this issue
in later papers.

Discussion

The amount of sediments on the con-
tinents and in the oceans is immense.
The estimates of the volumes and
average thickness will add clarity to
the mechanisms for the generation of
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those sediments. Twentieth-century
studies provided coarse estimates of the
volume and thickness of sediments and
sedimentary rocks (Blatt, 1970; Blatt
and Jones; 1975; Ronov, 1983). Newer,
more sophisticated projects show some
differences and significantly more clar-
ity for marine sediments because of the
GlobSed project (Straume et al., 2019).
However, the estimated volume and
thickness of strata on the continents var-
ies between researchers, partly because
of Macrostrat using only North America
and the Caribbean and the variable
inputs of marine margin sediments
and Precambrian sedimentary rocks.
Researchers have obtained opposite
conclusions on the widely believed
exponential decrease in sediments with
age that has been predicted by ecarly
uniformitarian scientists.

In a companion paper we will show
that the distribution of ocean sediments
does not fit well with uniformitarian
inferences but is predicted by the Reces-
sive Stage of the Flood (c.f., Schmich,
1980; Walker, 1994). Moreover, conti-
nental features, such as large planation
surfaces, reinforce the massive erosion
of the top of the sediments on the conti-
nents (Oard, 2008, 2013, 2014). Insights
based on large-scale erosion and deposi-
tion during that stage can, in turn, cast
light on the earlier processes and stages

(Oard and Reed, 2017).
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