
LPSC Xr(IV 367 

REGIONAL MANTLE UPWELLING ON VENUS: THE BETA-ATLA-THEMIS 
ANOMALY AND CORRELATION WITH GLOBAL TECTONIC PATTERNS; 
L.S.CRUMPLER, J .W.HEAD and JAYNE C.  AUBELE, Department of Geol ogical Sciences, Brawn 
University, Providence, R I  02912. 

INTRODUCTION. The morphology and global distribution of volcanic centers and their association with other 
geological characteristics offers significant insight into the global patterns of geology, tectonic style, thermal state, and 
interior dynamics of Venus. Magellan data [llperrnit the &tailed geological interpretation necessary to address questions 
about interior dynamics of Venus particularly as they reflect relatively physical, chemical, and thermal conditions of the 
interior. This paper focuses on the distribution of anomalous concentrations of volcanic centers on Venus and regional 
patterns of tectonic deformation as it may relate to the identification of global internal anomalies, including mantle 
dynamic, petrological, or thermal patterns. 
DISTRIBUTION OF VOLCANIC AND GEOLOGIC CHARACTERISTICS. Initial results of the identified 
distribution of volcanism, geological interpretation of individual volcanic features, and some general global results of the 
initial survey are covered in previous discussions of the global volcanic survey [2,3]. Additional detailed discussions of 
coronae [4] and plains volcanism [5] are also presented elsewhere. Criteria for identification and for the classification 
systematics of volcanic features on Venus are discussed in [6]. 

The largest concentration of moderate to high volcanic center areal abundance (>3 to 7 c e n t e r s ~ l 0 ~ k m ~  ) occurs in the 
expanse of intermediate altitudes (uplands) lying between Beta, Atla, and Themis Regiones (BAT) and centered near the 
equator at longitude -250'). The BAT concentration accounts for 25% of the global surface such that together with the other 
smaller areas in the opposite hemisphere, the number density over -50% of the surface significantly exceeds the global 
mean. The areal abundance of volcanic centers in the remaining -50% of the surface area are correspondingly less (<3 
centers/106krn2) than the global mean. This distribution appears correlated with both altitude and geological setting . 
Altitude Sefting of Anomalies. The distribution of voldanic centers is non-random with respect to altitude, such 
that extreme high or low elevations of occurrence are infrequent (Figure 1) and most volcanic centers occur in the "uplands". 
BAT comprises a large fraction of the total global area of upland (0-2 krn MPR) elevations. 

Areas of lowest concentration include: (1) relatively contiguous lowlands oriented east-west in the mid-north or -south 
latitudes (Sedna, Niobe, Aino, and Helen) and north-south swaths approximately 30 degree-wide along meridians centered at 
the longitudes of Eastern Aphrodite (16S0, Atalanta, Rusalka, Helen) and Eistla Regio (345'. Guinevere, Lavinia); and (2) 
include the main highland regions of Aphrodite Terra and Ishtar Terra, as well as minor highlands, Beta Regio, Alpha 
Regio, and Tellus Regio. 
Geological Setting of Anomalies. In order to assess the regional geological environment in which concentration 
anomalies occur, complementary global geological thematic maps were prepared of five fundamental geological features 
mapped using 1:8 M Magellan mosaicked image data, including: fracture belts (Figure 2). ridge belts, mountain belts, ridged 
plains (Figure 3). and tesserae (Figure 4). Fracture belts locally are associated with troughs thought to result from crustal 
extensional, and ridge belts are frequently associated with the lowest plains areas [ l l ]  and are possibly related to focused 
crustal shortening [7]. Elsewhere. vast plains on Venus are characterized by sub-parallel, frequently uniformly-spaced, and 
sinuous ridges analogous to ridges common on the Lunar mare and plains surfaces of Mars ("wrinkle ridges") that are 
associated with minor regional crustal shortening are identified as ridged plains [7]. Tesserae distribution was adapted from 
the results of Ivanov et al.[8]. Tesserae originate through a complex history of deformation and represent anomalously 
thicker cmst [15]. 

Geologically the distribution of volcanic centers is globally most strongly correlated with the areas of extension 
(Figure 5), and anti-correlated with areas characterized by compressional deformation and greater than nominal crustal 
thichesses. The greatest concentration of fractures and rifts occurs in BAT where a complex mosaic of extensional 
fractures is distributed over a region centered near the equator and approximately 10,000 krn in diameter. Volcanic centers 
are infrequent in regions characterized by mountain belts, ridge belts, and ridged plains ,where compressional deformation 
has been common, and in tessera where the crust is thicker. The BAT anomaly is almost encircled by low plains 
characterized by compressional ridges, anomalous geoid lows [lo], and anomalous underabundances of volcanic centers [2]. 

The similarity in distribution of coronae and volcanic centers is additional evidence for the presence of mantle 
upwelling in association with concentration anomalies. Because coronae are thought to represent local, intense mantle 
upwelling, possibly associated with mantle plumes [9], the similarity in distribution of coronae, extension , and other 
types of volcanism may reflect the characteristics of greater than nominal mantle upwelling. The close association of 
coronae and extension implies that areal extension is also associated with mantle upwelling phenomena. 

Mass anomalies corresponding to topographic rises within concentrations of volcanic centers, such as Atla Regio, 
Beta Regio, Themis Regio, and Eastern Aphrodite Terra, and volcanic center, the magnitude of which frequently exceed that 
attributable to topography alone [lo], implying a significant dynamic (upwelling and downwelling) component to the 
geoid signal . The largest negative geoid anomalies occur in areas characterized by low volcanic center concentrations, such 
a s  Lavinia Planitia and Atalanta Planitia. Different treatments of gravity data result in alternate geophysical 
interpretations, as is the case for Lakshmi Planum where both mantle upwelling and downwelling can be supported. 
INTERPRETATION. The anomalous concentration of volcanic centers (BAT) occurs in a region with geological 
evidence for extension and geological characteristics of mantle upwelling phenomena. The presence of concentrations of 
(1) central volcanism, indicative of anomalous shallow melting and elevated regional heat flow into the shallow mantle, (2) 
coronae, indicative of regional, cellular mantle upwelling swarms;and (3) extensional faulting, indicative of regional 
crustal extension and crustal thinning support this interpretation. 
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The peripheral regions, where volcanic centers are infrequent, are characterized by general evidence for compression 
(ridged plains, ridge belts, and mountain belts). Regions where volcanic centers are relatively few bear many geological 
characteristics frequently attributed to the effects of mantle downwelling [ l l ] .  The lower regional heat flow, relative 
exclusion of melting, and infrequent emplacement of shallow magma bodies in lowland regions a s  a result of large-scale 
mantle downwelling might contribute to a diminished probability of volcanism in these settings. 
CONCLUSIONS. Figure 6 summarizes the observations, interpretations, and global significance of variations in 
volcanic center abundances. The large size of anomalous volcanic center concentrations, high number density of volcanic 
centers, and associated complex global fracture patterns imply the presence of a significant mantle anomaly underlying the 
BAT region. Evidence for upwelling are correlated with volcanism, positive gravity anomalies, coronae, and intermediate 
topography. Evidence for large areas of downwelling are correlated with sparse volcanism, low plains, tesserae, ridge belts, 
and ridged plains. 

The scale of both upwellings and downwellings is several thousand kilometers and the current geological arrangement 
may be due to (1) fundamental patterns of deformation arising from normal cycles of fluid thermal convection in planetary 
interiors as described by the modeling of Schubert et a1.[12]; (2) forced convection arising from cyclical lithospheric 
instabilities such as that proposed by Turwtte[l3] or [Parmentier and Hess [14] in which anomdies like BAT might 
represent the residual effects of the rapid overhim of deep mantle or detachment and loss of a depleted layer; (3) an initial 
chemical or smctural inhomogeneity in the deep interior dating from the formation of Venus or shortly thereafter; or (4) an 
as yet unidentified and unexamined mechanism. Whatever the mechanism, similar global-scale inhomogeneities appear to 
occur on the other major terrestrial planets[l6]. 
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