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ABSTRACT. Current geochemical cycling models do not account for
changes in the spatial distribution of rock exposed to weathering
through time. As a step in this direction, a new method of constructing
paleogeologic maps has been developed, using published, global, depo-
sitional lithofacies maps. This technique identifies areas of erosion for
a given interval of time, then systematically searches back through
litﬁofacies maps of progressively older periods to determine the most
probable type of rock being weathered during the interval. The age-area
results for present-day sedimentary exposures show the same lognor-
mal relationship previously determined by Blatt and Jones (1975). A
geologic map of the Recent §enerated by this method reproduces the
general igneous, marine, and continental clastic spatial and temporal
distributions found in current outcrops. However, the total exposure
area of sandstones is larger than previous estimates based on volume,
not areal proportions. We propose that exposed sandstone deposits are
extensive, but thin (and thus represent a much smaller volume than
areal proportion of sedimentary rocks).

The relative proportions of exposed rock types through Phanero-
zoic time show few abrupt changes compared to the secular changes in
the areal extent of the depositional lithologies. The global distribution
of exposed rock types tgrough time suggests that exposed cratonic
shield areas have generally been replaced in extent with clastic sedi-
ments, but this trend may be an artifact of the mapping technique. For
paleoclimate modeling, these determinations of paleogeologic distribu-
tion should ultimately provide a great advantage over parameteriza-
tions based on global estimates of sedimentary reservoirs.

INTRODUCTION

Models of global geochemical cycles of the elements generally lack a
spatial dimension and have not been designed to take advantage of a
growing knowledge of paleogeography. For example, in the widely cited
BLAG model (Berner, Lasaga, and Garrels, 1983) and in subsequent
versions (Lasaga, Berner, and Garrels, 1985; Berner, 1990), an average
climate (runoff and temperature) is determined for a given time step in
the model run using greenhouse/climate relationships. Empirical formu-
las that relate climate, runoff, and river composition are then used to
calculate global fluxes of major dissolved cations and anions. However,
there is no allowance for spatial heterogeneity of climate or geologic
exposure in this zero—spatial-dimension model.

A first step in adding a spatial dimension to such models is to
determine the paleogeology, that is, the geographic distribution of the
types of rocks undergoing weathering during a given period of time.
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Previous work in this area has been rather limited. Levorsen (1960) set
out the proper procedures for the determination of paleogeology based
on geologic maps of the present world, outcrop and core information,
and stratigraphic principles. Cook and Bally (1975) utilized these proce-
dures to develop a set of maps of strata underlying Paleozoic sedimentary
rocks in North and Central America. The sedimentary strata, however,
were identified only by age, so their utility in constructing paleogeologies
for geochemical cycling models was rather limited.

Here we describe a method of reconstructing exposures of Phanero-
zoic rock types from maps of volcanic and sediment deposition. The
ultimate objectives are to assess (1) the possibility that the abundance and
geographic distribution of geologic exposures differed significantly in the
past, and (2) the potential effect these differences might have had on
atmospheric CO, and global climate. Our aim here is to produce paleo-
geologic maps that define the type of rock being weathered at a given
time and place with a much higher degree of accuracy than by a global
average rock type. Expected age-area relationships and replication of
present-day exposures appear in the paleogeologic results, suggesting
that they indeed capture the general nature of change in the types of rock
being weathered over Phanerozoic time.

PALEOGEOLOGIC MAP CONSTRUCTION

We have developed a general procedure for determining the spatial
and temporal distribution of exposed geologic units from the series of
paleolithofacies maps generated by A.B. Ronov and his colleagues over
the last few decades. These maps present the presumed original extent of
deposition, which was determined by Ronov’s group based on preserved
distributions. The following steps are used for each time period of interest:

1. Ronov’s maps are first divided into 2 degree longitude by 2
degree latitude grids (present geography). The information on volcanic
and sedimentary deposition during a given time period is then digitized
from the lithofacies maps. Each grid is either assigned a rock type value
or is designated as an area of erosion or no record (typically regions
overlying oceanic crust). The data are then entered into the computer as
a 180 X 90 matrix for precessing (fig. 1A).

2. 'To create a paleogeologic map, any grids representing regions of
contemporaneous sediment deposition or igneous activity on land are
assumed to have been exposed to weathering processes at some time
during the period and are included in the geologic map of the period.
Grids representing regions of erosion (presumed land) are then identi-
fied; these same grids on earlier maps are successively inspected until
cither a depositional rock designation is encountered or the oldest map is
reached (fig. 1B and C). This designation is then used to represent the
type of rock that was most likely being weathered during the time period.

3. Areas for which no rock types are found are temporarily labeled
“untyped.” An untyped region is assumed to represent cratonic shield
area older than Early Proterozoic.






