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Introduction In this paper we report on the results of geo-
logical mapping in four quadrangles (V-4, V-13, V-55, and V-
61) mapped under the USGS Program of geological mapping 
of Venus [1,2] and with the results of mapping within a geo-
traverse that extends continuously around the Venus globe at 
30oN [3]. The areas of mapping are widely distributed and 
comprise about 17% of the surface of Venus. We believe that 
such a significant fraction of the surface is likely to be gene-
rally representative of the entire planet and provides a signi-
ficant view of the interpreted geological history. In turn, this 
data set and interpreted stratigraphic record enables us to 
assess the applicability of proposed end-member models of 
Venus' geologic history. 

There are two end-member models of the geologic history 
of Venus describing observed sequences of material units and 
tectonic structures. The first model [4,5] explains apparently 
similar sequences of units and structures mapped in different 
regions by the interpretation that a set of specific global trends 
of endogenous activity have operated through the visible part 
of geologic history of Venus. An important attribute of this 
"directional" model is the broad synchronism implied by the 
general global stratigraphic correlation of units and structures. 
The sequences of events observed in different regions are 
broadly synchronous globally, and thus rates of geological 
processes changed through time, and specific broad-scale 
volcano-tectonic regimes dominated during distinct episodes 
of the geologic history. 

In the alternative model [6], the observed sequence of units 
is interpreted to be due to independent volcano-tectonic regi-
mes resembling Wilson cycles on Earth that occur in different 
parts of the planet at different times. In this model, the sequ-
ence of units and structures represents only local to regional 
time-dependent styles of endogenous activity related to local 
to regional conditions and repeated from time to time. This 
model, which has been termed "nondirectional", considers the 
geologic history of Venus to be more similar to geologic evo-
lution of Earth and rejects the existence of global trends in 
either volcanism or tectonics. Such a model has a "non-
synchronous" nature implying that the sequences of units 
/structures are non-synchronous and stratigraphic columns 
characterizing specific regions are not time-correlative regio-
nally or globally. In order to describe the geologic history of 
Venus in a nondirectional fashion, this model also requires 
that geological processes have operated at similar rates and a 
spot-like distribution of specific sequences on Venus. 

Results of mapping One of the most important results of 
the mapping is that for all four quadrangles and the geotra-
verse the set of material units and tectonic structures descri-
bing the surface appears to be very similar. The complete 
stratigraphic column of endogenous units defined at the scale 
of the mapping (1:5M) and applicable to all areas consists of 
ten material units. These are as follows (from older to youn-
ger). Tessera terrain (t) is among the most deformed regions 
on Venus characterized by multiple sets of tectonic structures. 
Densely lineated plains (pdl) are heavily dissected by numero-
us subparallel narrow and short lineaments. Ridged and groo-
ved plains (prg) commonly form compact elongated belts 
consisting of tightly packed ridges. Shield plains (psh) display 
numerous small volcanic edifices on their surface. Wrinkle-

ridged plains (two members, pwr1 and pwr2) cover the majo-
rity of the surface and typically form a background with other 
units and structures being either older or younger. Smooth 
plains (ps), and lobate plains (two members, pl1 and pl2) form 
small and large fields of lava flows that are typically 
tectonically intact. 

 

 
 

Sets of specific structural assemblages accompany these 
material units. These assemblages (from older to younger) are 
as follow: Sets of tessera-forming structures (ridges and groo-
ves), ridge belts, groove belts (gb), and rift zones (rt). Perva-
sive wrinkle ridges form regional networks that deform all 
material units predating smooth and lobate plains. The struc-
tural assemblages in all mapped quadrangles and in the geo-
traverse have a specific stratigraphic position. For example, 
multiple sets of tessera-forming structures are consistently 
seen to be the oldest features and the ridge and groove belts 
postdate tessera and predate shield plains and regional wrinkle 
ridged plains. Where the ridge and groove belts are in contact, 
ridge belts are cut by structures of groove belts. Wrinkle 
ridges cut all units older than smooth and lobate plains and 
these plains embay wrinkle ridges. Rift zones deform many 
older units and appear to be contemporaneous with 
emplacement of lobate plains. 

Within all mapped areas, no large or small regions that are 
characterized by specific sequences of units and structures 
were found. Also, there are no regions in the mapped areas 
that show sequences of units and structures similar to the 
surrounding ones but where the stratigraphic columns appear 
to be shifted relative to neighboring areas. All mapped areas 
appear to be continuous without either visible or inferred 
boundaries separating different regions. The geotraverse, 
which is a circum-global swath of terrain, consists of twenty 
individual C1-MIDR frames. The margins of the frames are 
defined cartographically and in no way are related to either 
local or regional geology. Because of this, each frame 
represents an independent and random sample of a geological 
situation within the geotraverse. Each C1-MIDR is 
characterized by a local stratigraphic column, which is a sub-
set of the general stratigraphic column applicable to the entire 
geotraverse and to the four mapped quadrangles as well. 

Discussion The mapping results within the four 
quadrangles and in the geotraverse show no indications of the 
possible presence of regions with their own independent 
geological record that is either dissimilar to the surroundings 
or similar but shifted relative to the surroundings. Although 
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isolated quadrangles may represent areas covering a large area 
or entire regions, the geotraverse has more chance to cross the 
boundaries between them. No areas with a different specific 
geologic history were encountered within the geotraverse, 
however. Thus, neither individual quadrangles nor the 
geotraverse provide evidence for the existence of isolated (or 
quasi-isolated) areas with their own geologic history, which is 
predicted by the nondirectional model. 

Similar stratigraphic columns appear to characterize all four 
mapped quadrangles. Because the quadrangles are isolated 
areas, pairs of which (V-4/V-13 and V-55/V-61) are almost 
antipodes, the similar regional stratigraphic columns in these 
areas should not necessarily be globally synchronous. Within 
the geotraverse, however, all local columns characterizing 
individual frames are temporally-correlative and the 
geotraverse ties up two quadrangles (V-4 and V-13) with the 
rest of the territory providing evidence for possible global 
synchronism of units and structural assemblages on Venus. 
Such global-wide synchronism of events would be consistent 
with the directional model and inconsistent with the 
alternative model of geologic history. 

Throughout the mapped areas distinct trends of volcanic 
and tectonic events were documented. The most obvious case 
is represented by the common occurrence of tessera at the 
base of either local or regional stratigraphic columns. This 
situation holds true not only within the mapped areas but 
elsewhere on Venus [7]. The systematic appearance of tessera 
at the beginning of the observable geological record strongly 
suggests radical changes in the deformational history of 
Venus. 

Ridge belts consistently occupy the middle portion of 
stratigraphic columns and in each case predate vast regional 
plains. There are no examples of prominent zones of tightly 
packed contractional structures that appear at different levels 
of the stratigraphic columns. Groove belts and rift zones 
represent similar deformational sequences. These features, 
however, are different in very important aspects. Regional 
wrinkle ridged plains largely embay groove belts and rift 
zones cut the plains. Structures of groove belts are typically 
narrower and more tightly spaced and the belts themselves do 
not form prominent deep depressions that characterize rift 
zones. The global distribution of rifts shows that they tend to 
occur in areas of geoid highs [8,9] 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 there is evidence that small volcanic edifices 
were formed over a large portion of the visible geological 
record [10], the rate at which these edifices formed has 
changed dramatically during the visible portion of the 
geologic history of Venus [11]. The vast majority of small 
edifices appear to be formed during emplacement of shield 
plains that are largely embayed by regional plains and only a 
small number of these features appeared later during 
formation of the post-regional lobate plains. 

Thus, distinct changes of morphological appearance of 
specific units and structural assemblages as a function of time 
were documented in the mapped areas. These changes suggest 
that major trends of endogenic activity have operated through 
the visible part of the geological record of Venus and were 
responsible for specific styles of volcanism and tectonics. The 
existence of such trends is consistent with the directional 
model and inconsistent with a nondirectional model. 

Conclusions Geological mapping within four USGS quad-
rangles and in the geotraverse at 30N yields evidence consis-
tent with the directional model of geologic history, rather than 
the alternative model. Both models are representations of two 
principally different mechanisms of heat loss. The 
nondirectional model is related to a steady state (quasi-steady 
state) character and the directional model reflects possible 
temporal trends or an episodic nature of such mechanisms. 

The population of impact craters on Venus has three 
fundamental characteristics. First, there are only about one 
thousand craters on the surface [12]. This means that the 
surface of Venus is relatively young, 750 to 300 Ma [13-16]. 
Second, the spatial distribution of craters is either very close 
to or indistinguishable from a random one [14,15,17]. This 
implies that Venus does not have the surface age dichotomy 
typical of Mercury, Moon, and Mars. Third, the majority of 
the craters appear to have pristine morphology [12,13] and 
only a small fraction is either embayed (~2.5%) or deformed 
tectonically (~12%) [15]. These characteristics of the crater 
population put important constraints on possible scenarios of 
the geologic history of Venus and are completely consistent 
with the directional model. For the alternative, characteristics 
of the crater population require resurfacing in small (~400 km 
across) randomly distributed areas [14]. 

The obvious absence of plate tectonics on Venus [18] 
excludes the main mechanism by which Earth loses its heat in 
a quasi-steady state fashion. An obvious alternative to plate 
tectonics is plume tectonics that may or may not work in a 
steady state manner. On Earth, for example, the major events 
that are related to plume tectonics, such as superplumes, 
appear to be episodic [19,20]. Such a nature of large-scale 
plume tectonics on Earth may suggest that similar types of 
global tectonic style on Venus can also be episodic, which is 
consistent with the specifics of the crater population and the 
evidence supporting the directional model of geologic history 
on Venus. 

Both models of the geologic history of Venus are end-
members of a continuum. The directional model, however, 
appears to describe sequences of material units and structural 
assemblages much better than the nondirectional model. This 
suggests that the global tectonic style on Venus related more 
closely to temporally evolving or episodic heat loss 
mechanisms. At the current level of knowledge, however, we 
cannot distinguish confidently between the possibly cyclic 
[21,22] or step-like nature of these mechanisms [23-25]. 

 
References. 1) Ivanov, M.A. and J.W. Head, USGS Geol. Inv. Ser., Map I-
2684, 2001a; 2) Ivanov, M.A. and J.W. Head, USGS Geol. Inv. Ser., Map I-
2792, 2003; 3) Ivanov, M.A. and J.W. Head, JGR, 106, 17515, 2001b; 4) 
Basilevsky, A.T. and J.W. Head, PSS, 43, 1523, 1995; 5) Basilevsky, A.T.,et 
al., in: Venus II S.W. Bougher et al. eds., Univ. Arizona Press 1047, 1997; 6) 
Guest, J.E., and E.R. Sofan, Icarus, 139, 56, 1999; 7) Ivanov, M.A. and J.W. 
Head, JGR, 101, 14861, 1996; 8) Herrick, R.R., GRL, 26, 803, 1999; 9) 
Basilevsky, A.T. and J.W. Head, JGR, 105, 24583, 2000; 10) Addington, E.A., 
Icarus, 149, 16, 2001; 11) Ivanov, M.A., et al., LPSC (Abstr.), XXXI, #1205, 
2000; 12) Schaber G.G., et al., USGS Open file report 98-104, 1998; 13) 
Schaber G.G., et al., JGR, 97, 13257, 1992; 14) Phillips, R.J., et al., JGR, 97, 
15923, 1992; 15) Strom, R.G., et al., JGR, 99, 10899, 1994; 16) McKinnon, 
W.B., et al. in: Venus II S.W .Bougher et al. eds., Univ. Arizona Press, 969, 
1997; 17) Hauck, S.A., et al., 103, 13635, 1998; 18) Solomon, S.C., et al., JGR, 
97, 13199, 1992; 19) Condie, K.C., EPSL, 163, 97, 1998; 20) Condie, K.C., 
Tectonophysics, 322, 153, 2000; 21) Parmentier, E.M. and P.C. Hess, GRL, 19, 
2015, 1992; 22) Head, J.W. et al., PSS, 42, 803, 1994; 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 XXXV (2004) 1237.pdf


