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I have produced a 1 to 10 million scale morphological map of Parga Chasma corona chain, the 
Artemis-Latona-Atla (Dali) corona chain and the surrounding plains based up Magellan imagery 
and have mapped several representative and distinctive features at the full resolution of the 
Magellan S.A.R. images (70 m per pixel). Herein, the term Torques, meaning a chain or necklace, 
will be used in place of corona chain; hence the two corona chains will be referred to as Parga 
Torques and Dali Torques, respectively. Parga Torques consists of an irregular series of coronae of 
all types which lie on or close to a great circle joining Atla Regio at the equator to Themis Regio in 
the southern mid-latitudes. Although similar in length, Dali Torques is markedly different from 
Parga Torques, containing a fraction of the coronae that are present along Parga. However, these 
coronae are an order of magnitude larger in size and include Arternis Corona, the largest corona on 
Venus at 2 600 km diameter. 

The fracturing throughout Parga Torques is syn-tectonic with regard to the coronae and often 
is deflected by the presence of individual coronae but may occasionally be found to cross-cut 
coronal annuli. Fracturing radial to coronae is often deflected to trend parallel to the external 
fracture trend. I estimate the extension across Parga Torques to be approximately 50% across a 
linear fracture zone 500 km across. However, the fractures are concentrated into linear zones 
across which there has been 50 to 150% extension separated by zones of approximately equal 
width which appear to have undergone limited extension of about 20%. The width of these zones 
is 18.2 + 4.8 km. This style of zonal brittle deformation at the surface may be a result of pinch and 
swell deformation at depth in the crust. The characteristic width given above would correspond to a 
layer thickness of 3.8 k0.8 km, assuming a low viscosity contrast [I]. This layer may correspond 
to the whole thickness of the m s t  below the uppermost layers of flood basalts, equivalent to a 
thickness of 5.7 * 1.2 km prior to stretching, or perhaps a layer within the crust itself. Occasionally 
there are also zones up to 50 km in width which appear to be free from any fractures at all. Several 
of the fracture trends align with deep trenches 500 to 1 500 m below mean planetary radius. 
However, Parga Torques is centred on a symmetrical topographic rise which extends 1 500 km in 
width from the level of the regional plains (500 m below mean planetary radius) to 500 m above 
the mean planetary radius at its crest. Atla and Themis Regiones both rise a further 500 to 1 000 m 
above the level of this crest. Radiometry data indicates metre scale slopes of 3' to 5", greater than 
the planetary average of 2.5" but not comparable to the 10" to 30" slopes found at Aphrodite and 
Ishtar Terrae. However, both reflectivity and emissivity are average for the planet. 

Volcanic features are present along Parga Torques but are generally small (typically shields 
less than 50 km in diameter) and occur almost exclusively in the interiors of coronae. The two 
important exceptions are Atla and Themis Regiones which are dominated by volcanic processes 
and structures and are believed to lie on volcanic rises generated by deep mantle convection. 
Several coronae within Parga Torques appear to have become distorted in shape through time as 
their centres of activity, marked by volcanic cones and tectonic radial ridges, have migrated across 
the interiors of the coronae. Southwest of Parga Torques are many tectonic ridges that appear to be 
the remnants of coronae. These two lines observations provide evidence that the line of plumes 
underlying Parga Torques are not stationary in relation to the crust, but are drifting in perhaps a 
somewhat random pattern locally, but generally in a northeastward direction, at an unknown rate. 
There is no evidence on Venus for crustal plate movement as there is on Earth, but this does not 
preclude mantle plume drift relative to the crust. Hot spots on Earth are known to drift in an 
absolute sense, even when plate motion is accounted for, and it seems likely that a similar drift 
occurs on Venus. 

The ghost coronae southwest of Parga Torques appear to have fully relaxed since they lie at 
the level of the regional plains and are flooded by external lava flows. However, the topographic 
expression of these coronae is apparent and it appears that the lava flows covering them must be at 
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least several hundred metres thick Given the great areal extent of the flows this implies enormous 
melt volumes, but where and how were such melts generated? It is paradoxical that the greatest 
melt volumes appear to have been generated just at the time when the most likely source, the mantle 
plume, had drifted away from the area. Perhaps the most likely explanation is that these flows have 
built up over long periods of time (hundreds of millions of years, based upon crater counts) from 
the small volcanic sources that seem to litter the Venusian surface. 

At first sight, Dali Torques appears to be a scaled up version of Parga. Topographically, Dali 
Torques is centred on a symmemcal rise 2 to 2.5 km high, but contains trenches 4 to 5 km deep 
and includes Diana Chasrna, the lowest point on Venus. Radiometry data indicate metre scale 
slopes of 10" to a', much steeper than the planetary mean, but reflectivity and emissivity are 
average. The scale of the coronae and regional fracturing is also greater, with two diverging 
fracture zones 200 to 500 km in width, across which extension is estimated to be 100 to 200%, 
separated by a zone up to 2 000 km wide across which extension appears to be less than 50%. 
These two fracture zones initially separate 1 000 km east of Latona Corona, the northern zone 
being incorporated into the annulus of Latona Corona and then continuing westward, where it 
again splits in two. One half continues westward and merges into the tessera of southern Thetis 
Regio, while the other transects the centre of Artemis Corona, forming a complex north-south 
trench which both cuts and is cut by the southern section of the annulus but then continues a 
further 650 km southwestward into Aino Planitia. The southern intense fracture zone appears to be 
older than its northern counterpart since it is cut by both Latona and Arternis Coronae. It follows a 
southwest trend as far as the eastern annulus of Artemis, from where it cuts due westward across 
the centre of the corona, partially diverting the north-south trench where the two cross. It extends 
as far as 90" E into Juno Planitia, its eastern-most portion containing several small coronae 150 to 
200 km in diameter. Further fracture belts extend from the northern annulus of Artemis Corona, 
trending northeastward and merging into the tessera of Ovda Regio. Of the two large coronae, 
Latona appears to be the younger and more tectonically active. Artemis appears to have undergone 
several phases of activity linked with the growth and development of the major fracture zones, a d -  
may or may not be active at present. It appears that the fracture zones become progressively 
younger northward which may reflect a drift in underlying mantle circulation similar to that 
observed at Parga. However, the age relationship between the fracture zones of Dali Torques and 
the much more intense folding and fracturing of the tesserae of Thetis and Ovda Regiones is 
unclear. It is widely believed that tesserae represent the oldest fraction of crust present on Venus 
and are 500 Ma or greater in age, compared with the 300 Ma age estimate of the Dali fractures. 
These estimates are based on the limited data available from crater counts on Venus and are open to 
some considerable doubt particularly in the heavily deformed tesserae. Other observations, such as 
parallel fracture trends, support a contemporaneous age for the formation of tesserae and fracture 
belts. A contemporaneous formation age of the two features would, in part, alleviate the problem 
of accommodating the crustal extension across Dali Torques. 

It is therefore apparent that the tectonic evolution of Dali Torques is both more complex and 
less organised than that of Parga Torques. The reasons for this are as yet unclear but may be due to 
a regional mantle heterogeneity in, for example, temperature or volatile content, or to variations in 
crustal thickness. Certainly the possibility that subduction is or has been occurring at the annuli of 
both Arternis and Latona coronae [2] must have a significant effect on the lithosphere and regional 
tectonism. 
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