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ABSTRACT. Using changes observed in daily seismic refl ections, wc ha\'e investi gated 
the basal morphology of Black Rapids Glacier, Alaska, U.s.A. The englacial drainage of 
ice-marginal lakes caused significant changes in the dai Iy reflections, as well as dramati c 
increases in basal motion. Changes in rell ection arri\'al times and amplitudes indicate 
that there is a basal till layer at least 5 m thick at some locations beneath this surge-type 
glacier. Rapid changes in the observed refl ection coefTi cients during the drainage events 
indicate that changes in till properti es must occur throughout the entire 5 m thick layer, 
they must last for several days followin g the lake drainages and they must be completely 
re\-crsibl e over as littl e as 36 min. Our seismic analysis shows that changes in effective 
pressure of the till are unlikely to cause the required changes in the refl ection coefficients, 
but that a decrcase in till saturation is li kely. \Ve therefore i nLerpret the cause of the seism ic 
anomalies as being a temporar y decrease in saturation as water is input to the subglacial 
hydraulic system, and propose that such a change may occur quickl y and re\'ersibl y by a 
redistribution of Q\'erburden pressure. Higher water pressures within the hydraulic system 
cause that regionlO support more of the glacier's weight, leaving the remaining areas to 

support less. Any till within these areas of decreased normal stress would experi ence a 
consequent decrease in pore-water pressure, causing gas to exolve, thus decreasing satura
tion. This decrease in saturation would cause a change in the strength of the basal layer 
and may affect basal dynamics. 

INTRODUCTION 

An understanding of the processes of basal motion is key to 
answcring questions of glacier surges, ice-stream motion and 
seasonal variations in glacier speed. Most glaciologists sug
gest that a decrease in effecti ve pressure, the difference 
between ice-overburden and subglacial water pressure, plays 
an important role in basal motion, but the specifi c mechan
isms remain unclear (e.g. Paterson, 1994; Wi lli s, 1995). Models 
of this motion fall into two general categori es, based on the 
nature of the bed. In hard-bed models, the bed is hypothe
sized to be consolid ated rock or undeformable sediment, and 
sliding is the dominant mechanism. In soft-bed models, the 
bed is composed of a till " that can deform. The soft-bed 
models arc compli cated by the fact that t wo water pressures 
are involved: that of the water within conduits or hydraul
icall y linked cavities, and that within the pore space of the 
till. The bed of each glacier is unique and probably consists 
of regions of both hard and soft beds, and it is likely that 
effective pressure affects each glacier somewhat differentl y. 

In the companion paper (Nolan and Echelmeyer, 1999; 
here denoted N & E), we de cri bed the use of seismic reflec
tion tech niques to directl y measure transient changes of 
about I km2 of the bed of Black Rapids G lacier, Alaska, 
U.s.A. (N & E, fig. I), over a 45 day period. These seismic 
anomali es followed the sudden drainage of supraglacial 
lakes (jbkulhlaups) up-glacier of our study site, and werc ac-

Here wc use Paterson's (1994) definition of till: any 
deformable 'ubglacial sediment, irrespectiv e of its origin. 
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companied by large, temporary increases in basal motion. 
We refer the reader to :\I&E for detailed descriptions of 
Black Rapids Glacier, the experimental methods, basic seis
mic theory, the obsen'ations, definin g characteristi cs of the 
"normal" and "anomalous" seismograms, and sample seis
mogram . In the present paper wc use the observed seismic 
changes to determine the subglacial morphology and the 
processes responsible for the changes. Whil e wc do not di
rectl y address the mcchanisms of basal motion in this paper, 
our observations and interpretations provide information on 
the rolc of till parameters, such as efTcctive pressure and 
saturation, in basal processes occurring coincident with 
abrupt changes in basal motion. 

The observations described in N & E place both spati al 
and temporal constraints on the possibl e causes of the seis
mic anomalies. In this paper, wc focus on the changes that 
occurred to refl ector PP:" (N &E, fi g. 6) which changed from 
positiv e to zero amplitude during the second and third 
anomalies (Fig. I). Any change responsibl e for the second 
and third seismic anomalies must have occurred O\'er the 
horizontal resolution of this refl cctor, which is an area at 
least 200 m by 350 III �( �~� & E). Coincident changes found 
in the later-arriving reflections (e.g. PPs, multiple P-P) indi
cate the bed changed over an area 700 m wide by 1300 m 
long as well. Therefore, the responsibl e mechanism must 
affcct a large arc a, about I km2

, in as short a time as 36 1llin 
(as ill the third anomaly), and yet persist for as long as 
2 days (as in the second anomaly) (:\1&E, fig. 10), Further, 
these changes must be scismicall y re\'ersible, i.e. [he anom
alous state reverts back completcly to the original, normal 
stale (Fig. 1; N &E, fi g. 10). 
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