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Models of the geologic history of Venus: There are
two alternative scenarios, or models of the geologic
history of Venus that are based on the observed se-
quences of material units and tectonic structures. Both
models are based on apparently similar sets of features
defined and mapped in different areas of Venus by dif-
ferent authors [1-10]. The first model, described as di-
rectional (or evolutionary) [11,12], interprets the units
and structures as reflecting specific global trends of en-
dogenous activity that changed through the visible por-
tion of the geologic history of Venus. The alternative,
non-directional, model [13] explains the observed se-
quences as being due to independent volcano-tectonic
regimes that occurred in different regions of the planet
at different times and proposes that "...the same proc-
esses have operated repeatedly, at least in some areas, to
form the present surface..." [13].

Predictions of the models: One of the key points of
the evolutionary interpretation is the apparent broad
(global) synchronism of units and structures implying
that the sequences of events observed in different re-
gions are broadly time-correlative, reflecting changes of
specific endogenous regimes as a function of time. This
interpretation has several testable predictions: 1) Local
stratigraphic sequences represent either complete or
reduced subsets of a generalized stratigraphic column
applicable to the entire surface; 2) the absence of either
small or large regions (spots) with a unique stratigraphic
record; 3) Specific volcano-tectonic regimes dominating
distinct episodes of the geologic history; 4) The rates of
geological processes manifested by the abundance of
specific features changed through time.

Alternatively, the non-directional model rejects the
existence of the global-wide trends in either volcanism
and tectonics and calls for the non-synchronous nature
of the observed sequences of geological events. From
this interpretation it follows that: 1) Stratigraphic col-
umns characterizing different regions have a local na-
ture and cannot be correlated either regionally or glob-
ally; 2) specific sequences of events have a spot-like
distribution over the surface and there must be areas
between these spots where the local sequences (col-
umns) are shifted in time and overlap each other; 3) the
rates of geological processes and the abundance of spe-
cific features should be approximately similar during
the visible portion of the geologic history of Venus.

Goals and methods of mapping in the equatorial
geotraverse: The predictions of both models describe
specific stratigraphic relationships and areal distribution
of units and structures and can be tested by means of
geological mapping in large contiguous areas. We have
previously reported on the results of the mapping in a
geotraverse at 30°N [14] representing 11% of Venus. A
"geotraverse" is a specific latitudinal or longitudinal
swath that circumnavigates the globe and is mapped in
order to test whether key stratigraphic units occur
throughout the length of the traverse and whether they
are correlative across the globe (underlain and overlain
by the same distinctive units). In the 30N geotraverse

we found that similar sequences of units are seen in dif-
ferent parts of the global geotraverse and that key strati-
graphic units could be traced across almost the entire
circumference of Venus at this latitude, providing evi-
dence that these units are not only global in extent, but
also laterally contiguous.

In order to verify our findings in the relatively small
30N geotraverse and to further test the predictions of the
evolutionary and non-directional models, we have per-
formed detailed mapping within a much larger area. As
the base for our mapping we used C2-MIDR sheets and
chose the widest possible strip that runs along the
equator. The new geotraverse consists of seven C2
sheets and represents a contiguous swath 360o by 46°
(from ~23°N to 23°S) that covers about 39% of the sur-
face of Venus. C2 images allow mapping at the ~1:10M
scale, illustrating well the areal distribution of the most
important and prominent features. We consistently used
images of higher resolution (C1-, F- MIDR) to check
and clarify all relationships.

Mapping results: One of the most important results
of the mapping is that in the geotraverse the set of mate-
rial units and tectonic structures appears to be very
similar within each individual C2-MIDR sheet. The
complete stratigraphic column of endogenous units de-
fined at the scale of the mapping and applicable to all
areas consists of the following units (from older to
younger): Tessera terrain (t) is among the most de-
formed regions and is characterized by multiple sets of
tectonic structures. Densely lineated plains (pdl) are
heavily dissected by numerous subparallel narrow and
short lineaments. Ridged plains (pr) commonly form
compact elongated belts consisting of tightly packed
ridges. Shield plains (psh) display numerous small vol-
canic edifices on their surface. Regional plains (two
members, pr1 and pr2) cover the majority of the surface
and typically form a background with other units and
structures being either older or younger. Shield clusters
(sc) are morphologically similar to shield plains but
typically form small occurrences that postdate regional
plains and appear to be contemporaneous with the em-
placement of younger units. Smooth plains (ps), and
lobate plains (pl) form small and large fields of lava
flows that are typically undeformed by tectonic struc-
tures and associate with major volcanic centers.

Specific structural assemblages accompany these
material units (from older to younger): Sets of tessera-
forming structures (ridges and grooves), ridge belts,
groove belts (gb), and rift zones (rt). Wrinkle ridges
form regional networks that deform all material units
predating smooth and lobate plains. The structural as-
semblages have a specific stratigraphic position. The
tessera-forming structures are the oldest features and the
ridge and groove belts postdate tessera and predate
shield plains and regional plains. Where the ridge and
groove belts are in contact, groove belts usually cut
structures of ridge belts. Wrinkle ridges deform all units
older than smooth and lobate plains and are embayed by
material of these plains. Rift zones cut many older units
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and appear to be contemporaneous with shield clusters,
lobate plains and, sometimes, smooth plains.

Within the geotraverse, there are no large or small re-
gions that are characterized by unique sequences of
units and structures. No regions that show stratigraphic
columns similar to the surroundings but where the col-
umns are shifted relative to neighboring areas were
found. The geotraverse as a whole appears to be con-
tinuous without either visible or inferred boundaries
where the general sequence is violated and where
neighboring stratigraphic columns overlap each other.
The abundance of units and structures (tessera, ridge
belts, groove belts, small shields, etc.) changes as a
function of time, and each level of the generalized
stratigraphic column is characterized by its own specific
sets of features.

Discussion The mapping results within the
geotraverse show no indications of the possible pres-
ence of regions with their own unique and independent
geological record. Thus, neither individual C2-MIDRs
nor the geotraverse as a whole provide evidence for the
existence of isolated areas with their own geologic his-
tory, which is predicted by the non-directional model.

Similar stratigraphic columns characterize all mapped
sheets within the geotraverse and the key units (such as
shield plains or regional plains) could be traced almost
continuously throughout the mapped area and every-
where display similar stratigraphic relationships. Other
units and structures either predate or postdate these
units. This means that all seven regional columns char-
acterizing individual sheets are temporally correlative.
The large area of the geotraverse (~40% of the surface
of Venus) and its random location suggests that the cor-
relation of units can be expanded to the much larger
area and strongly supports the global synchronism of
units and structural assemblages on Venus, which is
consistent with the predictions of the evolutionary
model and contradicts the alternative model.

Throughout the geotraverse distinct trends of volcanic
and tectonic events were documented. The most obvious
case is represented by the position of tessera at the base
of stratigraphic columns, which holds true not only
within the mapped area but elsewhere on Venus [15].
The systematic appearance of tessera at the beginning of
the observable geological record strongly suggests radi-
cal changes in the deformational history of Venus.
Ridge belts occupy the middle portion of stratigraphic
columns and in each case predate regional plains. There
are no examples of prominent zones of tightly packed
contractional structures that occur at different levels of
the stratigraphic columns. Although groove belts and
rift zones represent structural zones formed by similar
mechanism, they consistently occupy different strati-
graphic levels and are different in several important
aspects. Structures of groove belts are typically nar-
rower and more tightly spaced; the belts do not form
prominent deep depressions that characterize rift zones.
Rifts tend to occur in elevated areas that correspond to
the geoid highs [16,17] and groove belts do not display
such a correlation. Thus, groove belts and rift zones

provide evidence for progressive changes of similar
stress regimes and/or lithospheric properties through
time. Although individual small volcanic edifices were
formed over a large portion of the visible geological
record [18,19], the abundance of these features changed
dramatically during this time [19]. The vast majority of
small edifices form the regionally important unit of
shield plains that predates regional plains and only a
relatively small number of these features (shield clus-
ters) postdate regional plains.

The distinct changes of the abundance of specific
features, units, and structures as a function of time occur
over significant portion of Venus and suggest that major
trends of endogenous activity have operated through the
visible part of the geological record of Venus and were
responsible for specific styles of volcanism and tecton-
ics. The existence of such trends is one the most impor-
tant conclusions of the evolutionary model and incon-
sistent with the alternative model.

Conclusions: The non-directional and evolutionary
models correspond to two principally different mecha-
nisms of heat loss that govern global geologic style,
which is portrayed by specific features on the surface.
The non-directional model suggests a steady state
(quasi-steady state) character of heat loss, whereas the
evolutionary model is consistent with a sequential and
perhaps episodic nature for such mechanisms. The re-
sults of geological mapping within a large and contigu-
ous area of the equatorial geotraverse is consistent with
the evolutionary model of the geologic history of Ve-
nus. This suggests that rather than the steady-state con-
ditions of the non-directional model, the global tectonic
style of Venus related more closely to temporally
evolving heat loss mechanisms that may have been ei-
ther cyclic [20-22], or step-like [23-25].

References: 1) Basilevsky, A. T. and J.W. Head, PSS, 48, 75, 2000;
2) Bender, K.C., et al., USGS Map I-2620, 2000; 3) Rosenberg, E. and
G. E. McGill, USGS Map I-2721, 2001; 4) Ivanov, M. A. and J. W.
Head, USGS Map I-2684, 2001; 5) Ivanov, M. A. and J. W. Head,
USGS Map I-2792, 2003; 6) Ivanov, M. A. and J. W. Head, USGS
Map 2870, 2005; 7) Bridges, N. T. and G. E. McGill, USGS Map I-
2747, 2002; 8) Campbell, B. A. and P. G. Campbell, USGS Map I-
2743, 2002; 9) Hansen, V. L. and H. R. DeShon, USGS Map I-2752,
2002; 10) Brian, A.W., et al., USGS Map 2813, 2005; 11) Basilevsky,
A.T. and J.W. Head, PSS, 43, 1523, 1995; 12) Basilevsky, A.T.,et al.,
in: Venus II, S.W. Bougher et al. eds., Univ. Arizona Press 1047,
1997; 13) Guest, J.E., and E.R. Sofan, Icarus, 139, 56, 1999; 14)
Ivanov, M.A. and J.W. Head, JGR, 106, 17515, 2001; 15) Ivanov,
M.A. and J.W. Head, JGR, 101, 14861, 1996; 16) Herrick, R.R., GRL,
26, 803, 1999; 17) Basilevsky, A.T. and J.W. Head, JGR, 105, 24583,
2000; 18) Addington, E.A., Icarus, 149, 16, 2001; 19) Ivanov, M. A.
and J. W. Head, Journ. Geophys. Res., 109., NE10001,
doi:10.1029/2004JE002252, 2004; 20) Parmentier, E.M. and P.C.
Hess, GRL, 19, 2015, 1992; 21) Head, J.W. et al., PSS, 42, 803, 1994;
22) Turcotte, D.L., JGR, 98, 127061, 1993; 23) Arkani-Hamed, J. and
M.N. Toksoz, PEPI, 34, 232, 1984; 24) Solomon, S.C, LPSC (Abstr.),
XXIV, 1331, 1993; 25) Phillips R.J. and V.L. Hansen, Science, 279,
1492, 1998.

Lunar and Planetary Science XXXVII (2006) 1366.pdf


