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[1] Utilizing general circulation models (GCMs) for paleoclimate study requires the construction of
appropriate model boundary conditions. We present a middle Miocene paleotopographic and
paleobathymetric reconstruction geographically constrained at 15 Ma for use in GCMs.
Paleotopography and paleogeography are reconstructed using a published global plate rotation model
and published geological data. Paleobathymetry is reconstructed through application of an age-depth
relationship to a middle Miocene global digital isochron map, followed by the overlay of reconstructed
sediment thickness and large igneous provinces. Adjustments are subsequently made to ensure our
reconstruction may be utilized in GCMs.
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1. Introduction

[2] An essential step in adapting general circulation
models (GCMs) to the study of paleoclimate is the
construction of appropriate boundary conditions.
The boundary conditions required are typically
model- andstudy-dependenthoweverwill necessarily

include a global reconstruction of paleogeography,
paleotopography, and paleobathymetry.

[3] The growth of the paleoclimate modeling com-
munity has led to the need for establishing consis-
tent boundary conditions across research groups in
order to facilitate interstudy comparisons and re-
duce the amount of time spent on data manipula-
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tion [e.g., Sewall et al., 2007]. Here we present a
global reconstruction of paleotopography and pale-
obathymetry geographically constrained at 15 Ma
(the middle Miocene), and describe the method
through which it was developed. Following others
[Markwick, 2007; Sewall et al., 2007], it is our
intent that this reconstruction provide a common
boundary condition among research groups mod-
eling middle Miocene climate, and is available
from the authors in the various forms presented
in this paper.

2. Methods

2.1. Paleogeographic and Paleotopographic
Reconstruction

[4] Our middle Miocene paleogeography is based
on an underlying plate kinematic model [Müller et
al., 2008a, 2008b], which quantitatively describes
the relative motions between tectonic plates in a
moving Indian/Atlantic hot spot reference frame
[O’Neill et al., 2005]. The moving hot spot refer-
ence frame accounts for motion between hot spots,
producing an improved measure of fit between
paleomagnetic data and the locations of hot spots
and hot spot trails. This is in contrast to the fixed
hot spot reference frame [e.g., Müller et al., 1993]
used extensively in previous reconstructions. Ad-
ditionally, previous studies have obtained paleo-
geographic data by digitising shorelines from
existing paleogeographic maps, primarily using
the PALEOMAP project [e.g., Bice et al., 2000;
Sewall et al., 2007], or by using unpublished
rotations to reconstruct the continents at a particu-
lar time with little explanation on how the rotation

model was derived [e.g., Markwick and Valdes,
2004]. The details of our rotation model are de-
scribed byMüller et al. [2008a, 2008b] and include
a table of all plate rotations enabling examination
and replication of our geographic reconstructions.

[5] Using our global rotation and plate model, we
isolate and subsequently rotate individual conti-
nents, continental blocks and island arcs from a
present-day digital elevation model (based on
ETOPO2; Figure 1) to their position at 15 Ma.
Boundaries between continental and oceanic crust
are based on the outlines of Müller et al. [2008b]
and are interpreted from marine geophysical data
including ship track magnetic and aeromagnetic
data; ship track gravity and gravity anomalies from
satellite altimetry [Sandwell and Smith, 1997]; ship
track bathymetry, ETOPO2, and GEBCO bathym-
etry data; and seismic reflection data. The outlines
of the island arcs are determined from gravity and
bathymetry data only.

[6] 2Modifications to the paleogeography and pale-
otopography are applied to areas where published
geological data indicate substantial differences be-
tween the middle Miocene and the present (see
section 3). The paleotopography is merged with our
reconstructed paleobathymetry (see section 2.2) to
form a global topographic and bathymetric grid con-
strained at 15 Ma (Figure 2). Owing to the large
computingexpense imposedbycoupledatmosphere-
ocean GCMs and the limited ability to validate high
resolution pre-Quaternary climate simulations, such
models have often been limited to coarse horizontal
resolutions of greater than 3�� 3�. For implementa-
tion intoGCMs and to aid ourmodel required adjust-
ments (see section 2.3), our reconstruction is

Figure 1. Mollweide projection of present topography and bathymetry using ETOPO2.
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