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Structural Control of Flank Volcanism in 
Continental Rifts 
MICHAEL ELLIS AND GEOFFREY KING 

Many volcanoes emerge from the flank (footwall) of normal faults in continental rift 
zones. Because such locations are commonly topographically high and exhibit minor 
compressional structures, the association is enigmatic. A simple flexing plate model 
shows that deformation of a flexurally supported upper crust during normal faulting 
generates a dilational strain field in the footwall at the base of the crust. This strain 
field allows cracking and tapping of preexisting melt. 

A COMMON OBSERVATION IN RE- 

gions of continental extension is the 
occurrence of flank volcanism, in 

which volcanism and associated shallow lev- 
el intrusions are found in the footwalls of 
normal faults. The association is temporal as 
well as spatial. Volcanism is generally active 
as long as the fault is active, and, as fault 
activity migrates, so too does volcanism. 
These observations suggest that there is a 
coupling between processes of brittle defor- 
mation in the upper crust and those involv- 
ing magma injection in the lower crust. 

We explain this association with the use of 
a numerical model (1) in which the upper 
crust is modeled as an elastic beam with a 
reduced effective elastic thickness, and the 
lower crust behaves as a fluid. Deformation 
is driven entirely by gravity and includes the 
modifying effects of erosion and sedimenta- 
tion. 

The temporal and spatial association be- 
tween normal faulting and volcanism is most 
evident in regions where crustal extension is 
active and inits early stages. For example, in 
the Taupo rift of North Island, New 
Zealand, two volcanoes, Mount Tarawera 
and Mount Edgecumbe, are on the footwall 
side of the major Edgecumbe-Onepu fault 
and outside the zone of active rifting (Fig. 
1A). The fault last moved in the 1987 
Edgecumbe magnitude M, = 6.3 earth- 

M. Ellis, Center for Earthquake Research and Informa- 
uon, Memphis, TN 38152. 
G. King, Institut de Physique du Globe de Strasbourg, 
Suasbourg, France. 

quake, and it offsets basement by - 1 km (2). 
In the 1987 fault scarp, Holocene soils are 
interlayered with volcanic ash derived from 
Mount Tarawera. Moreover, the Taupo 
eruptive event of -A.D. 150, considered to 
be the largest volcanic eruption of the last 
7000 years (3), appears to have occurred 
immediately to the southeast (in the foot- 
wall) of the main rift-bounding faults. 

In the Rungwe volcanic field (Fig. lB), 
part of the western arm of the East African 
rift system (4), the oldest source of volca- 
nism associated with the rifting is late Mi- 
ocene [-7 million years old (Ma)] and is 
sited on the flank of the rift-bounding Liv- 
ingstone faults (4). Active rifting has migrat- 
ed toward the axial zone, where a series of 
Pliocene and Quaternary volcanoes sit in the 
footwall of the active Mbaka fault system, 
the most prominent fault system in the axial 
zone. Extensive volcanism also occurred on 
the flanks 'of the Gregory rift [for example, 
the Kapiti volcanic rocks along the tilted 
Aberdare Range and basalts along the Ngu- 
ruman escarpment (S)]. Farther north, in 
the Ethiopian rift, the Gorik, Entotto, and 
Gara Mariam centers are further examples of 
flank volcanism (6). In general, volcanic 
activity throughout the eastern rift follows 
that of faulting (5, 6). 

Another example comes from the active 
Long Valley magmatic complex (Fig. 1C). 
Present seismic activity under Mammoth 
Mountain (Figs. 1C and 2D) is confined to 
a well-defined dike-like shape below about 6 
km; above this level, events spread laterally 
(7). Seismic swarms are typical in this region 

and are generally attributed to the develop- 
ment of a dike (8). Mammoth Mountain lies 
in the footwall of the active Sierra Nevada 
range-bounding normal fault (9), although 
this relation is partly obscured by the 
700,000-year-old caldera rim. 

In 1980, a series of moderate earthquakes 
occurred in the footwall of the active Hilton 
Creek fault (Figs. 1C and 3) that were 
characterized by significant non-double- 
couple focal mechanisms (10). Julian (11) 
suggested that these earthquakes were asso- 
ciated with active magmatic intrusion. Dur- 
ing the early part of 1990, the resurgent 
dome within the caldera was extending at a - 
rate five times that of normal (IZ), presum- 
ably from the motion and intrusion of mag- 
matic material at depth. Both the resurgent 
dome and the initial vent for the Plinian 
deposit of the 700,000-year-old Bishop tuff 
are in the footwall of the Hilton Creek fault 
(13) (Fig. 1C). We suggest that the volcanic 
processes and associated seismicity within 
the Long Valley caldera complex are con- 
nected to the evolution of the main Sierra 
Nevada (Hilton Creek) range-front fault 
system. 

There are many other examples from vir- 
tually every rift system in the world. These 
systems include the Latir volcanic field and 
the Spanish Peaks complex, which represent 
the early stage of extension in the Rio 
Grande rift, United States (14); early volca- 
nism along the flanks of the Baikal rift, 
Soviet Union (15); early volcanism along 
the eastern margin of the Red Sea (16); 
basaltic magmatism along the eastern edge 
of the Basin and Range province, particular- 
ly the St. George field in southwest Utah, 
which lies in the footwall of the active 
Hurricane normal fault (17); middle Mi- 
ocene and Pliocene volcanism in the Death 
Valley region, California (1, 18); Mount 
Etna, Sicily, which has an unusual location 
on the nonvolcanic side of an island arc (19) 
that may be explained by its position in the 
footwall of the active Messina normal fault; 
the Quaternary volcanic Chaine des Puys, 
which is related to Quaternary normal fault- 
ing near Clermont Ferrand that has reacti- 
vated structures associated with the Oli- 
gocene Limagne graben (20); and the large 
volcanic complexes of Mount Kilimanjaro, 
Mount Kenya, and Mount Elgon along the 
Gregory rift, East Africa (5). 

The approach to modeling these struc- 
tures follows from that used by King and 
Ellis (1). In the model the x, axis is vertical 
and positive downwards, and the x, axis is 
horizontal. Two horizontal gravitating in- 
terfaces are defined. One represents the 
earth's surface, and the second represents the 
base of the brittle layer. At x, = -60 km, 
the horizontal displacement along a vertical 
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boundary is fixed (u ,  = O), and the shear 
stress is set to zero (a,, = 0). At x, = 48 
km, both shear and normal stresses are set to 
zero (a,, = a,, = 0) at a second vemcal 
boundary. These conditions produce a stress- 
free floating block tethered at -60 km. The 
length of the block is sufficient in that details 
of the way in which boundary conditions are 
imposed do not affect the deformation in the 
region where faulting is introduced. 

Displacement across the normal fault is 
driven by application of a shear stress, the 
magnitude of which is derived from the 
assumed initial state of stress within the 
crust. The model boundary conditions ap- 
pear to be reversed from those in the real 
world, in which the fault is ultimately weak 
(and can sustain no shear stress over the 
long term) and the far-field value of a,, is 
likely to lie between 0.5 and 1.0 times the 
value of a,,. These boundary conditions, 
however, allow us to ignore the static aspect 
of the problem and examine only the 
changes caused by fault motion (1). Appro- 
priate parameter values were chosen to mod- 
el an extensional region such as the Basin 
and Range province (21) and are consistent 
with estimates of low flexural rigidity 
(-loz0 N m) determined through indepen- 
dent methods [ ( I )  and references therein]. 

We are using elastic models to explain 

processes that exceed the elastic limit that, in 
the real world, involve irreversible nonlinear 
effects. Such modeling can be appropriate 
under certain circumstances (22). In our 
model, each increment of fault motion can 
be thought of as being associated with an 
earthquake and can thus be appropriately 
modeled elastically. Between earthquakes, 
stress relaxes both at depth and partially 
within the brittle layer such that a long-term 
model is a plate of apparently reduced mod- 
ulus overlying a fluid half-space. Many such 
events can be summed in a linear fashion, 
provided the overall geometry does not 
change, to produce a result that is the same 
as the one we calculate here by deforming a 
linear system in a single step. 

The results show (Figs. 2 and 3) that the 
variation of areal strain (ell + ea3) in the 
elastic layer as a consequence of a small fault 
displacement is such that dilation occurs at 
the base of the footwall and to the footwall 
side of the surface trace of the normal fault. 
This is true regardless of the location of 
density contrasts in the elastic plate (Fig. 
2B). The effect of increasing flexural rigidity 
is to move the w n e  of maximum dilation 
farther away from the fault. Thus, an effec- 
tive elastic thickness of 15  km (10'' N m) 
produces a maximum dilation -25 km away 
from the surface trace of the fault. The 

Bay of Plenty 

0 km 15 Edgecumbe 

A Mount Tarawera 

post 0.57 
', A A  2.2 to 0.57 

8 A plateau 
Koronga 

A basin 
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Fig. 1. Examples of flank volcanism 
in environments of young (small- 
displacement), active normal fault- 
ing. Features of interest are high- 
lighted. (A) Northeastern part of 
the Taupo volcanic rift zone, North 
Island, New Zealand [modified 
from (2) and field observations by 
G.K.]. The volcanic cones of 
Mount Edgecumbe and Mount 
Tarawera are located -6 km to the 
footwall side of the active 
Edgecumbe-Onepu rift-bounding 
fault. Elsewhere in the rift zone, 

volcanic activity is occurring to the footwall side of the active normal fault, and older inactive volcanoes 
lie in the footwall of rift-bounding normal faults. (B) Rungwe volcanic field in the western arm of the 
East Africa rift system [modified from ( 4 ) ] .  The oldest volcanic centers, -7 Ma, are in the footwall of 
the main rift-bounding Livingstone faults. Younger volcanic centers (-5 to 0.25 Ma), with one 
exception, are similarly in the footwall of the younger Mbaka normal fault system. (C) Examples of 
probable active magmatic intrusions in the footwalls of major Sierra Nevada range-bounding normal 
faults in the Long Valley caldera region [modified from (9)]. The 1989-1990 Mammoth Mountain 
earthquake swarm is in the footwall of the Fern Lake fault; the nondouble-couple earthquakes 
consistent with magmatic injection (10, 11), the vent (P) for the Plinian eruption of the 700,000-year- 
old Bishop tuff, and the active resurgent dome are all located in the footwall of the Hilton Creek fault. 

footwall dilation due to normal faulting 
leads to a volume increase (provided that no 
strain occurs out of the plane of cross sec- 
tion) and the probable development of 
cracks and veins. We suggest that the loca- 
tion of volcanism is related to the existence 
of dilation and uplift at depth. 

Melt can move into voids in the solid 
material if that melt already exists. In addi- 
tion, however, two conditions associated 
with fault motion favor the formation of 
melt under the footwall as a result of locally 
decreasing pressure. First, as displacement 
occurs, the base of the brittle-elastic zone in 
the footwall rises, and material moves into 
the space created. The pressure is reduced 
AP, in proportion to the lifting of the 
footwall Ah (AP, = Ahpg, where p is the 
density andg is acceleration due to gravity). 
Second, as buoyant melt ascends into fis- 
sures in the brittle-elastic layer, the pressure 
at the base of the brittle-elastic layer is 
reduced W e r ,  because the density of the 
partial melt in the fissures will be less than 
that in a similar column of the surrounding 
solid material. The difference in pressure 
between the base of fluid and solid columns 
of height h is AP, = hApg, where Ap is the 
contrast in density between solid and melt. 
If the pressure at the ascending crack tip 
equals the surrounding rock pressure, and if 
the flow-induced viscous pressure drop is 
negligible, this pressure difference may ap- 
pear at the base of the brittle-elastic layer, 
where it can enhance localized melting. If, 
alternatively, the pressure at the base of the 
brittle-elastic layer does not drop and is the 
same for solid and liquid, the fluid pressure 
at the crack tip must exceed the stress in the 
surrounding rock by the same AP,; thus, 
crack extension is enhanced by hydrofractur- 
ing. 

The propagation of a magma-driven dike 
has been analyzed in detail (23). Our model 
adds to  these analyses, because it provides a 
site for the preferential initiation and devel- 
opment of dikes and explicitly incorporates 
the effect of the spatially varying strain field, 
which is neglected in analytical treatments 
(23). Thus, using the same parameters as 
those for the model in Fig. 2A, we modeled 
the strain field of an incipient dike, intro- 
duced as a stress-free vertical cut at the base 
of the footwall (Fig. 3). The stress-free cut is 
equivalent to the condition in which the 
local hydrostatic pressure gradient is the 
same in the melt and the solid rock and in 
which flow-induced viscous pressure drop 
can be ignored. In the early stages of dike 
formation (Fig. 3A), the crack tip produces 
a local region of dilation, which will enhance 
the formation of further cracks and allow 
melt to intrude shallower levels of the crust. 
Thus, the process continues, and the crack 
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flg. 2. (A) Distribution of strain and observa- 
tions within the tbotwalls of relatively young 
(small-displacement) n o d  hults. Shaded with 
dilational strain at a 0.01 contour intewal. Each 
mid unit is a square kilom-. Dark areas repre- 

B kmm___ -- At extension id increase); light areas contkc- 
tion ( a d  decrease). Thus, if en is zero, positive 
areal strains (ell + eS3) lead to dilation. The 
strainsareshadedfiom0.5kmtoadepthof11.5 
km and represent thax due only to the motion 
across the fault and not to any p r e x i h g  condi- 
tion or body forces. (B) Variation of dilational 
strain at a depth of 11 km is shown for the two 

25 May 1980 Ms = 6.1 limiting cases in which we assume either complete 
erosion and sedimentation (correspodng to no 

D 
27 May lgn0 Ms = 6.0 c&ctive density conmast at the d c e ;  light line) 

or no density contrast at depth (heavy line). 
Maximum extension at this depth occurs within 

?May - September 1989 the footwall and conskently to the fbotwall side 
ofthe surface trace ofthe fault. (C) Two moderate 

earthquakes in 1980 in the footwaU of Hilton Creek fault (Fig. 1C) have been modeled as 
non-double-coupk (lo), which Julian (1 1) has interpreted as an indication of magmatic intrusion at 
depth M, = sutface wave magnitude. (D) An earthquake swarm under Mammoth Mountain between 
May and September 1989 shows a planar, dike-like distribution of small events below -6 km and a 
more d&se distribution at higher levels. When viewed in three dimensions and in chronological 
sequence, the events can be seen to begin at depths of -9 km and migrate toward the surface up to -2 
km through May and June 1989. Dunng these 2 months the events dearly define a northwest-striking 
planar h (Fig. 1C). Over the foIIowing 3 months, Went3 above -6 km were more distributed, and 
the planar form was confiwd to depths >6 km (7). This sequence of events is interpreted to represent 
the intrusion of a dike (7, 8). 

(dike) propagates upward, resulting in a (14, 17). Such magmas likely have their 
similar dilational strain field at the crack tip source in the asthenosphere. We suggest 
(Fig. 3, B and C). The strain field ahead of that conduits through the upper crust are 
the crack tip overcomes the compressional developed by the process described here, 
strains that occupy the upper part of the 
elastic plate (compare Figs. 3A and 2, and 
Fig. 3, B and A). The compressional strains 
predicted by the model are seen in the field 
as minor reverse Faults, folds, and shortening 
fabrics in the footwalls of normal faults (1, 
24). Thus, dikes developed in the footwall of 
normal Faults may transport melt through 

C reeions of local comvression. " 
Models in w h i i  the crack tip was 

brought progressively closer to the surface 
all show the same dilation. These results 

I 
A A 

indicate that the advancing h is able to 5 
reach the surface, provided that the depth- 
averaged hydrostatic pressurr gradient is 
m t e r  than the total viscous pressure drop. 7 km - -- 30 

- - 

?his process, c o m b i  with-hydmfh&- 
ing, can explain why dikes risc through the 
footwall rather than elsewhere, even though 
they must pass through a compressional zone. 
These mechanisms can tap such a melt or 

slightly dter preexisting conditions to create I-. -:. , 
some melt- They cannot generate large Fig. 3. Deformation of elastic plate due to =la- 
quantities of melt. In many cases, the char- tively small displacement on a high-angle n o r d  
acteristics of footwall igneous rocks are con- fault and in response to a tensional a d  of 

designated lengths at the base of the footwall. with a sourn magma that has Shading -efers as in Fig. 2. In (A) the cradr, 
time fractionating in the lower or middle has zero normal and - spec- 
crust rfbr examole. (3-6. 14-16. 18-20)l. ified on its d c e s .  rises 3 km fiom the base of 

L , \  

m e  &topic characteris& of &her fl& the elastic layer, and in (B) it rises to 3 km from 
volcanic ( w d a r l y  those erupted the surface. A detail of the strain field adjacent to 

the crack tip is shown in (C). The crack is able to 
relatively late in the volcanic history) sug- dilate prrviOwly m?teri4 
gests quite primitive magmatic sources and a allowing the of magma the 
minimal residence time in the lower crust locally shortened f o d .  

such that later, more primitive magmas sim- 
ply follow the path of least res&ce on the 
way to the surface. This condusion is consis- 
tent, for example, with footwall volcanism in 
the Death v&eY extensional region, where 
early magmas are relatively siliac and well 
hctionated, but later atrusives that erupted 
in the same foooKall are relatively 
(25). 

If a source of melt is not available in the 
lower crust, we should not expect volcanism 
and shallow inrmsion to be assodated with 
n o r m a l F a ~ . T h i s i s ~ w i t h p a t -  
terns of volcanism in the Baikal, East Afiican, 
and Rio Grade rifis, where volcanism is ab- 
sentoverlargetegi~~~~of~ion.Inother 
words,dextemionbyitselfdoesnot 
guaranbee significant magma emplacement. 

Some of the larger flank volcanoes along 
the Gregory rift are up to a hundred kilom- 
eters away fiom the active rift boundary, 
farther than our model predicts. Bosworth 
(26) has suggested that the origin of the 
large volcanic centers is related to the inter- 
section of extension-related detachments 
(shear zones) with the asthenosphere. There 
is no evidence, however, that such deeply 
penetrating, discrete shear zones underlie 
regions of continental extension. This type 
of asymmetric shear zone model has been 
shown to be inappropriate for other better 
documented regions of extension (27). We 
prefer the explanation that the origin of the 
iame volcanic centers is related to extension 
o f k e  upper crust in the manner described 
here. The earlier rift boundaries may have 
been sigdtcantly wider than present-day 
boundaries, which is consistent with obser- 
vations of narrowing rifts from, for example, 
the Red Sea (15) and Ethiopia (6). Alterna- 
tively, the prerifted crust in-~frica may have 
had a signilicantly larger flexural rigidity 
than that of today, such that the maximum 
dilation at the ba& of the upper crust may 
have been tens of kilometers away from the 
surface trace of the normal Faults. Indeed, 
the present-day Afiican crust in the vicinity 
of the rift has a relatively high efFective 
elastic thickness of -21 to 36 km (28). 

Volcanism is also influenced bv other 
processes and structures. In the m&el de- 
scribed here, magma emplacement is struc- 
turally controlled by lift and the generation 
of dilational strains at the base of the upper 
crust during normal faulting. In the same 
sense+ volcanism should be controlled by the 
development of dilational strains at depth 
caused by any upper crustal feature. Thus, 
irregular strike-slip faults (in zones of dila- 
tional steps or pull-aparts) will work in a 
similar way in the control of volcanism. For 
example, the location of the Inyo-Mono 
volcanic centers, California, is a result of a 
pull-apart fault pattern along the partly 
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strike-slip Sierran frontal fault system (29). crustal Young's modulus of 40 GPa, and an effective 11,65 (1989)], to the extent that theMoho remains flat 

In the model, we also implicitly assume elastic thickness of -3 km. The lower crust was while the middle or lower crust is fluid [see (1) and B. 
assumed inviscid. with a densitv of 2900 ke m-3. Wemickc in k o s e d  Cross-Sections of  the Continental 

that the thermal structure of the crustal We further assumed 80% erosio; and sedimGtation Cmst. MI H .  Sksburv and D. M Y  Fountain Eds. 
section is homogeneous, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i t i ~ ~  in at the earth's surface and an initial fault dip of 60". (~luwer Academic, ~odton, 1990)l. 

22. G. C. P. King, R. Stein, J. Rundle, J. Geophys. Res. 28. C. J. Ebinger, T. D. Bechtel, D. W. Forsyth, C. 0. 
the thermal be produced 93, 13307 (1988); R. Stein, G. C. P. King, J. Bowin, J. Geophys. Res. 94, 2883 (1989). Esti- 
continued extension of the upper crust, such Rundle, ibid., p. 13319; R. G. Bilham and G. C. P. mates of effective elastic thickness determined from 

King, ibid. 94, 10204 (1989). the geometry of footwall-hanging wall pairs along that the geothermal gradient eventually 
23. D. A. Spence and D. L. Turcotte, ibid. 90, 575 the western arm of the East African rift are of the 

be higher immediately below the rift basin. 11985): 1. R. Lister and R. C. Kerr. ibid. 96.10049 order of 4 km IN. Kusznir and R. Westawav. Eos 
For this reason, flank volcanism appears to 
be related most clearly to the early phases of 
extension, and later volcanism erupts 
through the axial zones of rifts (4-6). 

Despite the foregoing qualifications, flank 
volcanism has been noted by field geologists 
in many environments and has seemed to 
defy simple explanation. The explanation we 
offer is simple and consistent with a model 
that explains other mechanical features of 
normal faulting (1). We assume that melt 
with some mantle a f i t i e s  exists in parts of 
the lower crust. Such a hypothesis is consis- 
tent with recent observations that minor hot 

(1991jf A. M. Rubin andD. D. pollard, U.S. Geol. 
Surv. Prof: Pap. 1350 (1987), p. 1449. 

24. J. M. Bartley, J. M. Fletcher, A. F. Glazner, Tectonics 
9, 521 (1990). 

25. L. A. Wright et at., Geological Society ofAmerica Field 
Trip Guidebook (Geological Society of America, 
Boulder, CO, in press). 

26. W. Bosworth, Geology 15, 397 (1987). 
27. N. White, ibid. 17, 111 (1989). White [ibid. 18, 327 

(1990)l also shows that simple-shear models of litho- 
spheric extension make it extremely difEcult to generate 
melt from the asthenosphere. W. R. Buck, F. M&ez, 
M. S. Steckler, S. R. Gxbran, Technics 7,213 (1988); 
T .  H.  Dixon, E. R. Ivins, B. J. Franklin, ibid. 8, 1193 
(1989). In general, the simple-shear model advocated 
originally by B. Wemicke [Can. J. Earth Sci. 22, 108 
(1985)l has been superseded by models that involve 
more dismbuted shear within the lower crust [for 
example, G. S. Lister and G. A. Davis, J. Stmct. Geol. 

71, 1584 (19961, which is close to that deterGined 
by King and Ellis (1) for the Basin and Range 
province, but in contrast to that of Ebinger's esti- 
mation. 
M. Bursik and K. Sieh, J. Geophys. Res. 94, 15587 
(1989). 
L. Fleitout and C. Moriceau, Geophys. J. Int., in 
press. 
This work was started while M. Ellis was at the 
Center for Neotectonic Studies, University of Neva- 
da, Reno, and was supported then and while G. 
King was at the U.S. Geological Survey, Denver, 
CO, by the Nevada Nuclear Waste Projects Office. 
We are particularly grateful to R. E. Anderson, R.  
Thompson, R. Schweickert, B. Julian, R.  Stein, and 
W. Mooney for insightll and constructive criticism 
and D. Matthews for editorial assistance. 
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spots resulting from mantle processes are 
much more numerous on the Pacific floor 
than previously believed (30). Similar pro- 
cesses occurring beneath continents would 
provide the magma sources we hypothesize. Theoretical Fermi-Surface Properties and 
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~Lantitative theories of superconductivity in alkali-doped C,, require an accurate and 
detailed description of the Fermi surface. First-principles calculations of Fermi-surface 
properties and electronic parameters for K,C,,, the prototype fulleride-superconduc- 
tor, are reported. The Fermi surface has two sheets; the f i s t  is free-electron-like, and 
the second is multiply-connected, forming two interlocked symmetry-equivalent pieces 
that never touch. The calculated (clean limit) London penetration depth is A = 1600 
h;. Comparing the Fermi velocity with the experimental coherence length leads to a 
superconducting pairing strength A - 5, indicating very strong coupling. Partial 
nesting in the second Fermi-surface sheet may favor coupling to short-wavelength 
(q,O,O) optic modes. 

I T IS NOW WELL ESTABLISHED THAT 

alkali-doping of C,, fullerenes leads to a 
class of solids, M,C,, (M = alkali), that 

exhibit at least four crystalline phases, corre- 
sponding to x = 0,3,4,6. Theory and exper- 
iment show that both undoped C,, and 
fully-doped M,C,, are molecular insulators, 
with predicted band gaps of 1.5 eV (1) and 
0.5 eV (4, respectively. In striking contrast, 
M3C6, forms a metallic superconducting 
phase, with transition temperatures (T,) 
ranging from 18 K (M = potassium) (3) to 
28 K (M = rubidium)'(4), and even higher 
for Cs-Rb alloys (5 ) .  Recent theoretical at- 
tention has focused on electron-phonon 
coupling as a possible mechanism for super- 

conductivity (6, 7). It is well known that the 
coupling strength and critical temperature 
are strongly influenced by zone-averaged 
electronic properties, such as the Fermi-level 
density of states. However, the shape of the 
Fermi surface may also play a significant 
role, by giving rise to wavevector anisotro- 
pies in the quasiparticle-pairing strength, as 
for the La,CuO,-based superconductors 
(8) .  Here we report the results of our first- 
principles calculations of the Fermi surface 
and of electron dynamics in K3C6,, and of 
the coupling strength A implied by our 
results and experimental data. 

Rietveld analysis of powder x-ray diffrac- 
tion data for K,C,, reveals a simple face- 
centered cubic (fcc) Bravais lattice, with K 

S. C Erwin, Department of Physics, University of located at the tetrahedral and octahe- 
Pennsylvania, Philadelphia, PA 19104-6272. dral interstitial sites (9). The best fit was 
W. E. Piken, Complex Systems Theory Branch, Code achieved with c,, molecules ran- 4692, Naval Research Laboratory, Washington, DC 
20375-5000. dornly in two orientations, each populated 
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