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Figure 1. Orientale , the second largest impact crater on the Moon's 
surface (following Imbrium). The crater lies just beyond the western limb 
of the nearside and is 930 km in diameter. The innermost of the three 
observable rings is thought to have formed by thermal contraction ; this 
permits an independent estimate of the energy required to form it (about 
1.2 x 1026 J). The impactor that formed the crater was probably about 95 
km in.diameter. 

As living creatures, all of us have some interest in the question of 
how life originated. To some, the question is more religious than 
scientific; nonetheless, a small but dedicated group of scientists 
spend their careers trying to answer it from a rational standpoint. 
Logically, the question can be broken down into the three standard 
divisions of any mystery: When did life originate? Where did it 
originate? And how did it originate? Of these three sub-questions 
the last is by far the most difficult and I will make no attempt to 
address it here. I will however take a personal look at the two easier 
parts of the problem. In particular, I will outline my current view of 
the physical environment of the early Earth, and I will try to show 
how observations of other solar system bodies, especially our own 
Moon (Figure 1), provide clues as to when and where life could have 
originated. 

When Did Life Originate? 

Radiometric dating of meteorites shows that the solar system as a 
whole formed approximately 4.6 billion years (b.y.) ago. The first 
step in the process was the formation of the Sun from gravitational 
collapse of the central regions of a large cloud of interstellar gas and 
dust. The Sun evolved rapidly at first as it picked up additional 
material from the surrounding nebula and shed much of its angular 
momentum by way of an intense 'T-Tauri' solar wind. It then 
reached the main sequence-that is, it became a 'normal' star-a 
few million years after the initial collapse. The planets formed later 
from accretion of solid particles that had condensed out of the 
remaining portion of the solar nebula. Earth and the three other 
terrestrial planets (Mercury, Mars, and Venus) reached their present 
sizes and orbital distances some 107 to 108 years after the formation 
of the Sun. By 4.5 b.y. ago the main era of planetary formation was 
essentially complete. 

Life, as we now think, has been around during most of Earth's 
subsequent history. Before about 1950, our knowledge of early life 
was restricted to the last 550 million years, the Phanerozoic era, for 
which there is a relatively complete fossil record. But we now 
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recognize that this period of multicellular, often shelly, life was 
preceded by a long evolution of single-celled microbial life during 
the Precambrian. Firm evidence for life, from microfossils and 
stroma to lites (laminated structures in rocks that are thought to have 
been formed by microbial activity), goes back at least 3.1 b.y. and 
probably 3.5 b.y., the age of rocks from the Warrawoona Group of 
Western Australia (Schopf, 1983). Weaker evidence for life, specifi­
cally the presence of organic carbon in metamorphosed sediments 
from Isua, West Greenland, is found as early as 3.8 b.y. ago (Schopf, 
1983). Thus if life did indeed originate on Earth, as opposed to being 
transported here from somewhere else in the cosmos-the 
'panspermia' hypothesis-it probably did so during the 700-mil­
lion-year 'window' between 4.5 and 3.8 billion years ago. 

The Faint Young Sun Prob~em 

What was the surface environment of the Earth like during this time 
interval? Were there suitable places on or near the surface where life 
could have originated? Two factors that ought to have been par­
ticularly relevant to these questions are the mean surface temperature 
of the early Earth and the oxidation state of its atmosphere. These 
factors are related because the surface temperature would have 
depended in part on the concentrations of various 'greenhouse' 
gases that could affect the planet's radiation budget. 

One way to approach the problem is from a climatic standpoint. 
Stellar evolution theory predicts that all stars, including our Sun, 
slowly increase in luminosity during their main sequence lifetimes. 
The increase is a consequence of the conversion of hydrogen to 
helium by nuclear fusion. The helium increases the mean molecular 
weight of the star; this in turn requires an increase in pressure and 
temperature in the core to balance the higher gravitational attrac­
tion. Higher core temperatures cause the fusion reactions to speed 
up, so the star produces more energy. Our own Sun is thought to 
have increased in brightness by approximately 40 percent since it 
entered the main sequence. Its luminosity during the time period 
when life apparently originated, 4.5 to 3.8 b.y. ago, was only 70 to 75 
percent of its present value. 

If one creates a simple climate model of the Earth and then lowers 
the solar luminosity while holding atmospheric composition con-
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Figure 2. Schematic illustration of the faint young sun problem. The solid 
curve represents the solar flux normalized to today's value. The dashed 
curve labelled T. is the effective radiating temperature of the Earth , which 
is what the surface temperature would by in the absence of an atmo­
sphere. The dashed curve labelled T, is the surface temperature of the 
Earth calculated with a one-dimensional climate model , assuming 
constant atmospheric composition and fixed relative humidity. The 
shaded area shows the magnitude of the greenhouse effect; this 
increases with time because of an increase in water vapor abundance. 
(From Kasting , 1989.) 
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stant, it is easy to show that the oceans should have been frozen solid 
during the first half of Earth's history (Sagan and Mullen, 1972; see 
also Figure 2). This prediction though is in direct conflict with the 
geologic record: the fact that sediments were being formed at Isua 
indicates that liquid water was already present by 3.8 billion years 
ago. This apparent discrepancy has been termed the 'faint young 
sun paradox.' The paradox is easily resolved, however, if one allows 
for a substantially larger greenhouse effect in the past. The relevant 
question then becomes: What gas (or gases) was responsible for 
keeping the early Earth warm? 

A Reducing Early Atmosphere? 

The answer proposed originally by Sagan and Mullen was that the 
early atmosphere contained significant concentrations of ammonia 
(NH/ Ammonia is indeed a good greenhouse gas; concentrations 
of 10 to 100 parts per million (ppm) would have been sufficient to 
compensate for the predicted deficit in solar luminosity. The presence 
of ammonia in the atmosphere also fit in well with some models for 
the origin of life. Laboratory experiments performed by Stanley 
Miller and Harold Urey in the early 1950s had shown that spark 
discharges (simulating lightning) in mixtures of ammonia, methane 
and hydrogen produce a wide variety of organic compounds, such 
as amino acids, that are the basic building blocks of living systems. 
Thus for a time the idea that the Earth's primitive atmosphere was 
a highly reducing mixture of NH3, CH4, and H2 was widely ac­
cepted. 

A problem arose, however, when photochemists studying the 
primitive atmosphere with theoretical computer models discov­
ered that ammonia should have rapidly decomposed to N2 and H2 
by solar ultraviolet radiation. Methane also should have been 
oxidized to carbon monoxide (CO) or to carbon dioxide (C02) even 
in the absence of photosynthetically-produced 02. (Water vapor is 
used indirectly as the oxidant: the oxygen reacts with methane, 
while the hydrogen escapes to space.) Thus a highly reducing 
primitive atmosphere is now considered unlikely on photochemi­
cal grounds. Both the faint young sun problem and the problem of 
originating life seem to require a different solution. 
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Figure 3. Surface temperature of the Earth as a function of C0
2 

partial 
pressure according to the climate model of Kasting and Ackerman (1986). 
The solid curve is for the present solar luminosity ; the dashed curve is for 
30% reduced luminosity. The 'kink' in the solid curve is caused by a 
speculative relative humidity feedback which has been included so as to 
generate an upper limit on surface temperature. 



Carbon-Dioxide-Rich Atmospheres and 
the Carbonate-Silicate Cycle 

A more plausible way of solving the faint young sun problem is with 
carbon dioxide. Although the present atmospheric C02 concen­
tration is only 350 ppm, the amount of C02 tied up in carbonate 
rocks is very large. If all of the C02 in carbonate rocks was present 
in the atmosphere, the atmospheric pressure would be -60 bars, or 
sixty times its present value. This is almost as much carbon dioxide 
as is present on Venus, which has a C02-rich atmosphere with a 
surface pressure of about 90 bars. Carbon dioxide, of course, is itself 
a good greenhouse gas-that is why we are concerned about the fact 
that its concentration is increasing. A few tenths of a bar of C02 in 
the early atmosphere would have been sufficient to keep the oceans 
from freezing. This is roughly a thousand times the,amount that is 
present in the atmosphere today, but is still only a small fraction of 
the carbon stored in sedimentary rocks. 

A carbon dioxide-rich primitive atmosphere may actually be 
almost unavoidable. On long time sca les, the C02 content of the 

.... recent studies of the 
Moon provide an additional 
incentive for considering the 
deep sea vents as the abode 
for early life. 

atmosphere is controlled by interactions with carbonate and silicate 
rocks-the 'carbonate-silicate cycle.' Its long-term source is volca­
nic activity, which was probably several times more vigorous in the 
distant past than it is today. Its long-term sink is the weathering of 
silicate rocks, followed by the precipitation of carbonate sediments 
in the oceans. The weathering process requires liquid water (in the 
form of rainwater and groundwater) in order to proceed at an 
appreciable rate. This is the key to solving the faint young sun 
problem (Kasting et al., 1988). If the oceans had ever frozen com­
pletely as a result of reduced solar heating, silicate weathering 
would have ceased and C02 would have begun to accumulate in the 
atmosphere. Within a geologically short time period, enough C02 
should have accumulated to melt the ice and restore relatively 
equable climatic conditions. 

Indeed it is possible that the atmospheric C02 partial pressure 
was large enough to over-compensate for the reduced solar flux and 
to make the early Earth considerably warmer than today. James 
Walker of the University of Michigan has suggested that in the 
absence of large continental platforms on which to store carbonate 
rocks, the atmospheric C02 pressure could have been as high as ten 
bars. My own climate model calculations (Figure 3) indicate that 
this would produce a mean surface temperature of about 85°C, or 
70 degrees above the present value. This is certainly warm by our 
standards, but it is by no means incompatible with the existence of 
life. Norman Pace of Indiana University has isolated organisms 
living in 105°C water exiting from hydrothermal vents in the present 
sea floor. This water does not boil because the pressure at these vents 
is many times the atmospheric pressure. Similarly, early oceans 
with a temperature of85°C would have been in no dangerofboiling 
because the overlying atmospheric pressure would have been in 
excess of ten bars. The early Earth may have resembled a pressure 
cooker, but it should have been in no danger of going the way of 
Venus, which apparently lost its oceans because of a runaway 
greenhouse effect (Kasting et al., 1988). 
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Figure 4. Cumulative crater density on the Moon as a function of surface 
age. The boxes and the crosses represent two independent datasets. 
The curves are analytical fits with exponential decay times of 70 , 144, 
and 220 million years. (From Chyba, 1989.) 
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Figure 5. Cartoon depicting the sequence of events in a minimal , ocean­
vaporizing impact. Hot rock vapor (upper panel) dominates the atmo­
sphere for a period of about 4 months. This gives way to a dense steam 
atmosphere that lasts for approximately 1000 years. The rock vapor 
radiates energy both up and down at an effective temperature (T.tt) of 
-2000 K; the steam atmosphere radiates to space at a temperature of 
-300 K (lower panel). In this event, the steam atmosphere begins to 
condense and rain out just as the last drop of ocean water is evaporated. 
(Courtesy of N. Sleep and K. Zahnle.) 
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Figure 6. The largest impacts on the Earth and Moon. Open boxes are 
lunar, filled ones are terrestrial. Lunar craters are Tycho, Copernicus, 
Langrenus , Hausen , Tsiolkovski , lridum, Orientale, and Imbrium. 
Terrestrial events are the KIT impact, Manicougan, Sudbury, Vredevort, 
and an impact energy corresponding to 3.5 b.y.-old Archean spherule 
beds . Ovals are self energies of formation ; the early box refers to a 
possible Moon-forming impact. The stippled region represents the range 
of impact energies expected on the Earth , assuming a scale-invariant 
(power law) size distribution of impactors. The depth of ocean vaporized 
by the impacts is given on the right hand scale; the dashed line corre­
sponds to an ocean-vaporizing impact. The ··ch' represents Chiron, a 
large , modern-day comet in a Saturn-crossing orbit that could conceiv­
ably collide with the Earth sometime in the distant future. (From Sleep et 
al. , 1989.) 

Thermophilic Ancestors 

I will return to the deep sea vents in a moment because this is a locale 
that may be relevant to the origin of life. But let me first introduce 
an observation from the field of molecular phylogeny-the classi­
fication of organisms on the basis of similarities in their genetic 
makeup, principally their ribosomal RNA. RNA sequencing indi­
cates that the most 'primitive' organisms-that is, those organisms 
that appear to have diverged earliest in evolutionary history-are 
sulfur-metabolizing thermophiles (Pace et al., 1986; Lake, 1988). This 
implies that all modern organisms are descended from a single 
ancestor which lived in a high-temperature environment. If Walker's 
model is correct and the early Earth possessed a dense COz atmo­
sphere, then warm temperatures could have been found anywhere 
on its surface. But modern organisms could also have descended 
from bacteria living in hydrothermal vents or hot springs on an 
otherwise cold early Earth. Indeed the latter environments are 
somewhat favored because they both contain abundant elemental 
sulfur, which is what most primitive organisms like to eat. This does 
not clinch the argument, however, because elemental sulfur may 
have been produced globally from photolysis of volcanically-emitted 
S02 and HzS (Kasting et al., 1989). 

Obviously more information is needed to decide among the 
various alternatives. Fortunately an entirely different line of evi­
dence is available from a rather unlikely source-our Moon. In what 
follows I will try to show that recent studies of the Moon provide an 
addi tional incentive for considering the deep sea vents as the abode 
for early life. 

The Lunar Cratering Record 

One motivation for studying the Moon is that it preserves an 
excellent record of the impact environment of the early solar sys­
tem. As illustrated by Figure 1, the Moon has been bombarded 
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Figure 7. Diagram for estimating the effect of impacts on the COIC0
2 

ratio of the Earth's primitive atmosphere . The solid curves represent CO 
loss rates for different CO/C0

2 
ratios calculated using a photochemical 

model. The assumed background atmosphere contains 1 O bars of (C0
2 

+ CO) and 0.8 bar of N2 . The dashed lines represent estimated CO 
production rates from comets or chondritic asteroids at various times in 
the Earth's history (upper scale) . The figure is read in the following 
manner: First, pick a time on the top axis. Then read down to the 
dashed line representing the type of impactor you think is hitting the 
planet. The left-hand scale gives the CO production rate. Now read over 
horizontally to the solid CO loss curve for either the 'high-NO' or 'low-NO' 
atmosphere; then read down to the bottom scale to determine the 
atmospheric CO/C0

2 
ratio. CO/C0

2 
ratios exceeding unity are possible 

prior to about 4 b.y. ago for carbon-rich impactors. For comparison, a 
typical model atmosphere with no impacts has a CO/C0

2 
ratio between 

10-• and 10-3 . (From Kasting , 1990.) 

throughout its lifetime by thousands upon thousands of bodies, 
ranging in size from microscopic interplanetary dust particles to 
asteroid-sized objects. Mercury, Mars, and even Venus, it now 
appears based on early returns from the Magellan spacecraft, also 
show evidence for extensive bombardment. Earth must evidently 
have experienced a similar impact history; however the geologic 
record of impacts is much poorer on Earth because of extensive 
resurfacing of the planet by plate tectonics and by weathering. 

The lunar impact record contains two types of information that 
may be relevant to the origin of life on Earth. The first contains the 
magnitude of the impact flux as a function of time. American Apollo 
and Soviet Luna spacecraft brought back Moon rocks from landing 
sites near several large lunar craters. Radiometric dating of these 
rocks, in combination with photographic studies of how various 
craters overlie each other, allows one to estimate when the craters 
were formed (Figure 4). Such studies indicate that most of the 
craters, including all the really large ones, were formed between 
4.44 billion years ago (the age of solidification of the bulk of the lunar 
crust) and 3.8 billion years ago. This time interval, which is the same 
as the interval during which life originated on Earth, is referred to 
as the period of 'heavy bombardment' . An earlier interpretation of 
the cratering record, which suggested an isolated episode of 'late 
heavy bombardment' around 3.8 b. y. ago, has given way to the view 
that the impact flux declined more or less exponentially with time 
throughout this interval. Many of the craters that formed during the 
early part of this period were presumably obliterated by later 
impacts. 

The other type of information concerns the size distribution of 
the impacting bodies. Laboratory studies of small impacts can be 
used in combination with scaling relationships to estimate the 
amount of energy required to produce a crater of a given size. If one 
has some idea of the velocity and density of the impacting body, this 



energy can be converted to an estimate of impactor size. For rocky 
material hitting the Moon's surface at a velocity of about 13 km/s 
(Sleep et al., 1989), a rough rule-of-thumb is that the diameter of the 
impacting body is about one-tenth the diameter of the resulting 
crater. Thus the 930-km Orientale crater (Figure 1) was probably 
formed by the impact of a 90- to 1 DO-km-diameter planetesimal. The 
largest clearly identifiable impact crater on the Moon, Imbrium, is 
1200 km in diameter and would have required a slightly larger or 
higher-velocity impactor. Both Imbrium and Orientale are thought 
to be about 3.8 billion years old, indicating that stray 100-km 
diameter planetesimals were still present in the inner solar system 
at this relatively late date. 

Impacts on the Early Earth 

The planetesimals hitting the Earth during the pre-'3.8-billion-year 
time period were probably even larger and more energetic. Earth's 
larger mass and higher gravity imply that typical impact velocities 
should have been at least 17 km/s (Sleep et al., 1989). Since the 
kinetic energy of a body is proportional to its velocity squared, this 
means that impactors of a given size would have released about 70 
percent more energy on Earth than on the Moon. The Earth also has 
fifteen times the surface area of the Moon and about twenty-four 
times the effective collecting area when its higher gravity is taken 
into account. Thus if the planetesimal population included bodies 
significantly larger than 100 km in diameter, which seems likely, the 
chances are that most of these bodies should have hit the Earth 
rather than the Moon. Or to put it another way, the fact that the 
Moon was not hit by anything larger than 100 km across does not 
imply that the same was true for early Earth. 

.... modern organisms 
may all be descended from 
some bacterium that dwelt in 
the mid-ocean ridge hydro­
thermal vents. 

What would have been the consequences of large terrestrial 
impacts for life and for the atmosphere? The most immediate 
consequence for life is the threat of direct thermal annihilation. 
Numerical studies of giant impacts using theoretical computer 
models indicate that about half the energy of the impact goes into 
vaporizing rock. The other half is deeply buried and goes into 
melting mantle material. An Imbrium-sized impact should produce 
enough rock vapor to increase the total atmospheric pressure by 
several bars. This rock vapor cools by radiating approximately half 
its energy to space and half to Earth's surface, both of which are 
much colder than the 2000 Krock vapor. Since the Earth's surface is 
70 percent water-covered, and since there may have been even less 
land area in the past, most of the downward radiation goes into 
evaporating seawater. Thus, after the rock vapor had cooled and 
condensed out, the Earth should have been left with a dense steam 
atmosphere. 

Larger impactors may have been capable of vaporizing the entire 
ocean (Figure 5). One can calculate thermodynamically that the 
energy required to accomplish this is about 5 x 1027 J. The impact 
itself must have released four times this much energy, since half the 
energy is buried and half is radiated away to space. For a 17-km/ s 
rocky impactor, this requires a 440-km-diameter body-roughly 

four times the size of the object that formed Imbrium. Although 
nothing this big appears to have hit the Moon, there are two present­
day asteroids, Vesta and Pallas, that are about this size and one, 
Ceres, that is more than twice as big. If the size distribution of 
modern asteroids is at all representative of that of the late-arriving 
planetesimals, it is conceivable-even likely-that the Earth was hit 
by one or more of these 'ocean-vaporizing' bodies between 4.5 and 
3.8 billion years ago (Figure 6). It is even more likely that the Earth 
was hit by smaller 190-km diameter objects that were capable of 
evaporating the entire photic zone of the oceans (the uppermost 200 
m). For reasonable planetesimal size distributions, photic-zone 
evaporating events should have been commonplace until about 3.8 
billion years ago. 

Implications for Early Life 

The occurrence of large impacts has obvious implications for early 
life. Because of the production of hot rock vapor, even relatively 
small impacts would have been lethal to organisms living on land, 
if there were any such organisms that could survive the expected 
high solar ultraviolet flux. Benthic (bottom-dwelling) organisms 
living on continenta l shelves or on the slopes of volcanic islands 
would have experienced nearly the same risk. Any impact that 
evaporated the photic zone would have left them directly exposed 
to the radiative flux from the rock vapor. Planktonic organisms 
living in the surface ocean might have been somewhat better off, 
since they could in principle have continued to migrate down to 
lower levels in the ocean. However, any upwelling current that 
brought them to the surface would expose them to a layer of boiling 
water at the top. Since the rock vapor would have persisted for 
weeks to months, the steam atmosphere for tens to hundreds of 
years, it seems unlikely that any planktonic organisms would 
survive a photic-zone-evaporating impact. 

It may be illuminating to compare such an impact to the one that 
is thought to have occurred at the end of the Cretaceous period, 65 
million years ago. The K-T (Cretaceous-Tertiary) impactor was 
probably about 10 km in diameter, based on the amount of iridium 
it left behind, and should have been sufficiently energetic to evapo­
rate about 20 cm of seawater (Figure 6). Even though this is miniscule 
by comparison with the events discussed above, the K-T impact 
apparently resulted in extinctions of phytoplankton and may have 
killed off the dinosaurs as well. A photic-zone evaporator would 
release 1000 times as much energy and could be expected to be 
proportionately more lethal. 

Where could organisms have lived and evolved during these 
hazardous times? One obvious possibility is the midocean ridge 
hydrothermal vents. These vents today are covered by about 2.5 km 
of seawater; thus a near ocean-eva porizing impact would be needed 
to expose them. We don't know how deep the oceans were during 
the Earth's early history, but there is no good reason to suspect they 
were significantly shallower than today. A post-impact ocean, 
being heated from above, should be stable against convection; thus 
the thermal pulses caused by moderate-sized impacts, even photic­
zone-evaporating ones, would not penetrate to the ridge crests. 
Unless an impacting bolide landed directly on top of it, a vent 
organism would have been aware of its arrival only because of a 
transient pressure increase caused by the passage of the initial shock 
wave. 

Putting these observations together with the evidence cited 
above for the ubiquity of thermophilia and sulfur metabolism 
among primitive organisms leads to a rather remarkable hypoth­
esis: modern organisms may all be descended from some bacterium 
that dwelt in the mid ocean ridge hydrothermal vents. This does not 
necessarily imply that life originated in the vents; indeed some 
prebiotic chemists would argue that it is difficult to assemble large 
complex organic molecules in this type of high-temperature envi-
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ronment. Life could, however, have evolved at the surface at 
temperatures ranging from rather warm to rather cold, depending 
on the atmospheric C02 level, and then colonized the midocean 
ridges at a later date. The next photic-zone evaporator annihilated 
all life at the surface, leaving only the thermophylic vent organisms 
to restart the evolutionary process. This scenario is by no means 
proven; however, it is consistent with the lessons that can be drawn 
from molecular phylogeny and from planetary physics. 

Other Effects of Impacts 

In addition to the destructive effects of their direct thermal pulses, 
impacts could have affected the origin and early evolution of life in 
a variety of other ways. One of the most fundamental is by bringing 
in additional water and carbon, which would have added to the 
existing inventories of these compounds in the oceans and atmo­
sphere. This would have been particularly important if the late­
impacting planetesimals were predominantly comets (icy bodies 
from the outer solar system) as opposed to rocky asteroids from 
farther in. Chris Chyba of Cornell University has calculated that 
such comets could have provided most or all of the water in Earth's 
present oceans if they made up a major fraction of the impact flux. 
Certain classes of meteorites, notably the carbonaceous chondrites, 
also contain significant amounts of water and carbon. Asteroid­
sized bodies of similar composition could also have made signifi­
cant contributions to Earth's volatile inventory. 

Impacts may have influenced the origin of life in a more direct 
manner by bringing in complex organic molecules that were formed 
in outer space. I have already mentioned the difficulty in synthesiz­
ing complex organics in a relatively oxidizing C02-rich atmo­
sphere. One alternative is to bring in preformed organic molecules 

.... the time window 
for the origin of life may have 
been narrow indeed. 

along with the impactors. We know that carbonaceous chondrites 
contain a host of complex organic compounds, including amino 
acids, and we strongly suspect but have not yet proven that comets 
do as well. In large impact events, most of this material would 
undoubtedly have been pyrolized to carbon monoxide (CO) and 
water in the extremely hot impact plume. However many small 
dust particles survive atmospheric entry intact, as do the larger 
fragments of rocky material we refer to as meteorites. Substantially 
more incoming material might have survived entry to the early 
Earth because of the enhanced aerobraking provided by a dense 
C02 atmosphere (Chyba et al., 1990). So it is conceivable that an 
initially sterile Earth was alternately fertilized by small impacts and 
sterilized by larger ones, with the outcome fortunately being de­
cided in favor of life's existence. 

Finally, impacts may also have altered the composition of the 
Earth's atmosphere in such a way as to make it more conducive to 
the origin of life. As mentioned above, most of the organic carbon in 
large comets or carbonaceous asteroids should have been oxidized 
to carbon monoxide upon impact. My own photochemical models 
.predict that this additional source of carbon monoxide could have 
significantly increased the atmospheric CO/C02 ratio, and may 
even have created a CO-dominated atmosphere (Kasting, 1990; see 
also Figure 7). Carbon monoxide could also have been generated by 
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the reaction of hot metallic iron droplets with ambient atmospheric 
carbon dioxide. In addition, the shock waves generated by impacts 
would have created nitric oxide (NO) from the high-temperature 
reaction of carbon dioxide with N2. For reasons that I will not at­
tempt to explain here, high NO concentrations also tend to promote 
a high atmospheric CO/C02 ratio (Figure 7). This may have facili­
tated the origin of life, since CO is much preferred over C02 as a 
medium in which to synthesize complex organic compounds. (CH4 
is even better, but there is still no obvious way to achieve high 
concentrations of this gas in the early atrmosphere.) Thus, once 
again, impacts could have had a beneficial effect on the origin of life 
in addition to their destructive tendencies. Indeed, it may be that life 
could not have originated too early without being destroyed by 
large impacts, nor too late because the atmosphere became too 
oxidizing as the impact flux diminished. If so, then the time window 
for the origin of life may have been narrow indeed. 

Conclusions 

Obviously, the problem of life's origin is far from being solved. But 
we do have some good clues, and these clues are beginning to fit 
together into a self-consistent pattern. High temperatures are evi­
dently associated with the early environment of life, if not with life's 
actual origin. The midocean ridges are a likely abode for early life 
because of their warmth, the availability of sulfur, and because they 
are shielded from impacts. The impacts themselves must have been 
a dominant feature of the early environment and should be factored 
into our physical models of the early atmosphere and oceans. 
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The Geographic Information Systems Program 

In the past few years a new research 
and instruction program has been created 
in the Department of Geography that 
focuses specifically on the revolutionary 
developments underway in handling and 
using geographic information. The 
department has a long tradition of 
research dealing with the processing of 
spa tial information by human mind and 
by mathematical, statistical, and carto­
graphic means, and over the past few 
years, the addition of several faculty 
members with research and teaching 
specialties in geographic information 
systems, computer-related cartography, 
and remote sensing has created an 
excellent environment for the develop­
ment of the Geographic Information 
Systems Program. 

As a result of recent advances in 
remote sensing technology and high­
speed digital computer systems., there 
has been a veritable explosion in the 
amount and types of geographic informa­
tion available worldwide. The ready 
ava ilability of this geographic informa­
tion has in turn created an enormous 
demand for applications specifically 
designed to address a broad range of 
environmental and social problems. The 
principal tool for handling this spatial 
data is the geographic information system 
(GIS), which is designed to store, manipu­
late, analyze and display large volumes of 
data derived from maps, satellite imagery 
and other sources. 

Penn State's GIS program has 
flourished as the demand for graduates 
with advanced GIS experience has 
increased. Recent geography graduates 
are currently working in GIS-related 
positions for such agencies and firms as 
the Environmental Systems Research 
Institute in Redlands, California; Aerial 
Data Reduction Associates in the Phila­
delphia area; the New York Department 
of Transportation; and the U.S. Geological 
Survey National Center. 

Geography now offers fourteen 
separate courses in the general area of 
spa tial representation. These include four 
specific GIS courses: Geographic Data 
Systems-an introduction to GIS prin­
ciples and applications; Digital Terrain 
Models~techniques for digital investiga­
tion of geomorphic features; Spatial Data 
Structures and Algorithms-the internal 
design and construction of GIS; and 

Donna J. Peuquet 
Associate Professor of Geography 

Geographic Information Systems Design and 
Evaluation-design and evaluation of GIS 
and other integrated spatial data systems. 
These courses draw on the background 
provided by the department's computing 
skills course-Computing for the Earth and 
Mineral Sciences. 

the GIS program received a major 
boost in fall 1990 with the installation of 
the Advanced GIS Laboratory (AGIS), a 
top quality facility that provides students 
with the opportunity to explore spatial 
analysis using the most advanced 
equipment and software available for 
instruction in geography and the earth 
sciences. The lab's eight SUN work 
stations have cartographic, image 
processing, and GIS software integrated 
in a multiprocessor local network with a 
specially configured operating system. 
The AGIS Laboratory was funded in part 
by the department, the College, and the 
University. However, the contributions of 
Geography majors and other EMS 
students through the tuition surcharge for 
instructional equipment were absolutely 
essential for realization of this project. 

The AGIS Laboratory is already a busy 
center for fundamental GIS research and 
work on msijor investigations in the 
College, such as the Earth System Science 
Center's global water cycle project. 

Research in the field began essentially 
in the 1960s. The first computer-based 
geographic information systems, devel­
oped in the mid-1960s, focused heavily on 
the handling of land use and natural 
resource data sets. The need for GIS 

theory and applications stemmed from 
two major forces-the emerging natural 
resource and environmental problems 
then causing increasing public concern, 
and the large volumes of geographically­
referenced data being generated, much of 
it based on the increased use of remote 
sensing technology in map production. 
As these trends merged, it became 
possible and desirable to approach 
problems at regional, national, and even 
global scales-a task not previously 
possible. 

It is clear that the utility of geographic 
information increases dramatically if, as 
part of problem solving, we can integrate 
data from various sources at various 
scales. We must develop system methods, 
not only for the application of digital 
computers in solving spatial problems, 
but also for organizing and accessing the 
base information to be used in that 
problem solving. We must go beyond 
simply enhancing our capability to 
quickly integrate large and varied 
collections of information about the Earth, 
and develop new approaches for repre­
senting, analyzing and just looking at 
data that are specifically attuned to the 
modern computing environment. 

The Department of Geography and the 
College are now well-positioned in 
geographic information systems, a field 
where operational applications cover land 
and natural resources management, 
traffic planning, marketing, and military 
planning. 

At the opening of the Advanced Geographic Information Systems Laboratory in the Department 
of Geography, visitors came from many parts of Campus to see the software demonstrations and 
assess the capabilities of the sophisticated new equipment. 

VOLUME59 43 



1989-90 Honor Roll of Donors to the College 

ALUMNI 

This list includes all Penn State alumni whose gifts to 
the College were received between July 1, 1989 and 
June 30, 1990. Alumni are listed according to the year 
of their first Penn State d egree. 

Donald F. Stock 
Richard F. Urban 
John P. Weir 
Earl Youtz 

1950 
Robert T. Anderson, Jr. 
Philip C. Barr, Jr. 

1922 
Norton H. Reichenbach 

1926 
Robert M. Hess 

1929 
Max W. Lightner 
William G. Smith 

1930 
Joseph W. Hunt 
Ralph L. Wilcox 

1931 
Walter C. Drill 
Laurence H. Major 

1932 
J. Robert Jones 
William M. Merritts 
ohn F. Occasione 
William H. Rushworth 

1933 
Roy W. Stahl 

1934 
George W. Brown 
C. Thompson Stott 

1935 
Joseph N. Breston 
Richard C. Dombart 

Arthur C. Harris, Jr. 

1936 
William Bellano 

1937 
Joseph M. Bray 
Samuel J. MacMullan 
Edward P. McNamara 
John L. Watters 

1938 
Joseph S. Levine 
Max K. Wiant, Sr. 

1939 
William P. Bramlett, Jr. 
George R. Henry 
John M. Kelso 
Donald L. Martin 
Glenn F. Whiteley 

1940 
John A. Babcock 
Fletcher L. Byrom 

Joseph R. Carter 
Jesse W. Caum 
William E. Gardner 
Harry N. Ghenn 
James M. Harrison 
Charles A. Kuhl 
William S. Lytle 
Roger F. Scott 
Joseph Stoop 
Martin Valeri 
John C. Wagner 

1941 
William I. Bullers 
Charles E. Carter 
Lester H. Cohen 
John C. Conte 
Joseph D. D'Amico 
Edward Forst, Jr. 
Leon J. Gajecki 
Franklin P. Goettman 
Robert G. Hill 
Mildred Rickard Landis 
Joseph J. Lelevich 
Virginia Heath Lytle 
Richard F. Mack 
Benjamin E.McClelland 
Margaret Krug Tarr 

1942 
John F. Beck 
Warren R. Beck 
Thomas J. Butchko 
Sylvester V. Chek 
Michael P. Fedock 
Jack M. Fillman 
Alfred E. Flowers 
Lawrence C. Furman 
Robert M. Gontz 
Robert L. Hess 
Edward A. Kachik 
James H. Keeler 
Charles C. Mathews 
James E. Morgan 
Adrian L. Nolfi 
Thomas A. Prater 
Jack D. Ramaley 
John J. Raves 
Paul H. Reed 
Edward J. Ripling 
George H. Smith 
Robert L. Sproat 
George E. Trimble 
Joseph T. Weber 
Charles T. Weiler 

1943 
Franklin H. Beck 
John 0 . Brittain 
Lawrence D. Gent, Jr. 
Robert F. Gill 
Roger C. Heppell 
Edwin W. Hoover 
Randall Jacobs, Jr. 
Jean Caum Kachik 
Harold L. Lovell 
Paul E. Moore 
William G. Piper 
James J. Scarr 
Edward Steidle, Jr. 

1944 
Michael M. Marchich 
Sara Etter Marchich 
William H. McCracken 
Charles A. McFadden 
George H. Rowe, Ill 
Marion J. Slivka 

1945 
Frank Marold 
Helen Schmidle Reed 

1946 Frank P. Bence 
Myles E. Altimus, Jr. John A. Bonk 
Robert L. Folk Stewart A. Claypoole 
Joseph R. Hensler Allan A. Coburn 
John H. Hoke Arthur C. Dale, Jr. 
Marjorie Provost Nelson Donald Gasper 
Richard R. Newton Carl D. Hanson 
Guy E. Rindone Elias J. Harris 

1947 
Wen L. Chen 
David J. Crawford 
Felix L. Du Breuil 
William L. Frankhouser 
James P. Freeman 
Allan L. Habelson 
Herbert J. Hartson 
Charles D. Pfleegor 
William H. Renton 
William E. Royer 
Mary Louise Elder Tait 
Richard F. Wesner 
Horace J. Weymer 

1948 
James A. Bard 
Howard 0 . Beaver, Jr. 
George M. Bretz 
John J. Cahill 
John Carrollton Chew 
George W. Cleveland 
Charles W. Daiker 
Dorothy R. Enright 
John W. Foreman 
Harold D. Frith 
Donald F. Harris 
Ralph W. Harris 
John W. Hosterman 
C. Donald Jamison, Jr. 
Robert G. Jones 
George B. Kaiser 
Arnold D. Leonard 
Richard E. Lesher 
Warren T. Paynter 
John W. Putman 
Philip W. Reed 
Donald R. Riebe 
Walter L. Saccani 
John J. Schanz, Jr. 
Donald B. Tait 
Frances M. Weymer 
Quentin E. Wood 
William E. Wright 

1949 
Raymond Brooks 
Bartram H. Dilks, Jr. 
Theodore M.Dougherty 
Byron M. Emery 
Doris Bye 
Ferm Russell 
C. Flegal 
John W. Harrison 
Charles D. Hoyt 
Sherwood P. Jones 
Abraham Kleiner 
Robert F. Parker 
Norman D. Phillips 
Thompson Reid 
Russell C. Ruhl 
Richard M. Smith 

Robert A. Harris 
Donald W. Jones 
Warren E. Latimer 
Robert L. Menich 
David R. Mitchell, Jr. 
Harry S. Nelson 
Richard W. Ricker 
Raymond V. Sara 
Alexander J. Simpson 
David C. Skelly 
Lewis Stein 
Frederick A.Stephens 

1951 
Robert W. Aiken 
Raymond Fl .Angstadt 
C. James Conrad 
Edwin F. Eiswerth 
H. Earl Engle, Jr. 
Charles R. Enoch 
Louis D. Friedman 
Robert D. Geisenderfer 
Howard C. Karr 
Paul M. Kerschner 
Harry Klemic 
John C. Kraft 
Rocco A. Longo 
Stanley J. Luft 
Eugene K. Mclachlan 
Jesse A. Miller 
Andrew Pocalyko 
Harry W. Rauch, Sr. 
Thomas Z. Richards, Jr. 
Rachel Peterson 
Rindone William 
R. Sittig 
Kenneth H. B. Stauffer 
Martha W. Stevens 
Robert T. Terriere 
James R. Williams, Jr. 
Bruce E. Ziegler 

1952 
Joseph W. Berg , Jr. 
Edward A. Bush 
Robert A. Cadigan 
Vincent E. Chiochetti 
Myron K. Cox 
William J. Englert 
Owen G. Evans 
Robert I. Greenstein 
Paul B. Hammaker, Jr. 
Don E. Harrison 
Paul T. Kilhefner, Jr. 
Harold P. Meabon 
Kenneth W. Miller 
James L. Rhoads 
Wallace E. Riffelmacher 
Frank Rusinko, Jr. 
Regis E. Rusnock 
Charles R. Waine 
Philip L. Walker, Jr. 
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1953 
Alfred J. Babecki 
Norman E. Bowne 
James P. Boylan 
Robert W. Cameron 
Dale F. Croasmun 
Robert C. Devries 
Richard A. Duffee 
George T. Eden 
Peter G. Fairchok 
Steward S. Flaschen 
Richard E. Hallgren 
John G. Jelinek 
Richard F. Knauss 
Franklin W. Kone 
Armand A. Lykens 
Alvin A. Machonis 
John E. Megles 
Otillie Berger Milliken 
Donald F. North 
Merrill W. Shafer 
Donald C. Shirey 
Walter Showak 
Miles H. Woodward 
Harold S. Wright 
PatriciaBarnett Wright 
Richard R. Young 
Frank R. Yurkoski , Jr. 

1954 
James H. Brannigan 
Clark P. Breading 
Richard E. Crosby 
Joseph C. Culp 
Walter S. Daron 
P. James Diffenbach 
Thomas N. Elston 
Charles E. Felker 
Robert H. Fendick 
Franklin A. Gifford, Jr. 
John W. Goehring 
Robert H. Higgs 
Robert S. Uack 
Lewis W. Johnson 
Kenneth L. Keller 
Charles H. Kreischer, Jr. 
James A. Lander 
Dale A. Lowry 
Harry R. Mansfield 
Charles W. McClintock 
Spencer R. Milliken 
Bruce W. Nelson 
Howard R. Peiffer 
Norman J. Rubash 
Carl W. Schrock 
James R. Scoggins 
Jan D. Steber 
Richard J. Voigtsberger 
John H. Weitz 
John E. Werner 

1955 
David E. Albert, Jr. 
James A. Anderson, Jr. 
Glenn W. Bush 
Thomas H. Claypoole 
John Dash 
Mary R. Demyan 
Kenneth H. Gee 
Jacob E. Gerhard 
Frederick C.Langenberg 
Robert J. Matanick 
John E. Mosser, Jr. 
F. Hugo Rodriguez, Jr. 
Robert J. Ryder 
William M. Schumacher 
G. Sherwood Smith 
George R. Spalding 
Robert E. Taubensee 

Lewis C. Wade 
Neil M. Walp 
Thomas J. Whalen 
Nunzi P. Zinni 

1956 
Victor G. Beghini 
John Belak 
Nancy Shiffler Bush 
Sidney R. Butler 
Thomas V. Falkie 
Ronald L. Griffith 
Ronald M. Hedberg 
Solomon Jarmell 
L. Grant Lesoine 
Robert E. Newnham 
William Nizinski 
Bert Phillips 
Donald F. Rieco 
James A. Smith 
Marlin H. Snyder 
Frederick A. Sotok 
Riad N. Yammine 

1957 
Frederick E. Arant 
Herbert L. Black, Jr. 
Richard B. Blumenthal 
Clark D. Brillhart 
Barron H. Cashdollar 
Donald M. Ferguson 
Joseph E. Gantz 
Carl P. Giardini 
Glenn F. Jones 
Ralph D. Kauffman 
Bruce A. Kunkel 
Sidney J. Lestz 
Norman P. Matthieu 
Catherine D. Mowrer 
Harry R. Neff 
James R. Nichols 
James G. Palacas 
Jack L. Pensyl 
Floyd W. Preston 
Kenneth M. Pruitt 
George H. Pudlo 
Charles S. Smith 
Hilda J. Snelling 
Donald L. Woodrow 

1958 
Aldo T. Angelo 
Ronald E. Bailey 
Alvin L. Barth, Jr. 
Robert E. Beamer 
James G. Benford 
James M. Caldwell 
Ronald V. Caporali 
Joseph A. Chivinsky 
James V. Cotton 
Helen Lee Ellison 
Stephen Gogniat 
Arthur H. Graham 
John G. Harhai 
George Jubinsky 
John J. Kelley 
Cyrus Klingsberg 
John C. Kosco 
James F. Lander 
Samuel F. Mastrorocco 
Charles T. McCullough 
Daniel B. Murphy 
Alvin I. Opolinsky 

George W. Putman 
Frederick C. Spott 
P. Stuart Tholan 
James J. Tietjen 
John B. Weigle 



1989-1990 
Honorary Dean's List 

Special thanks go to the fo llowing individuals whose substantial contributions of more than $500 
d11ring the past year require distin ctive recognition . Some have made gifts for special programs or 
to honor individuals who have special significance in the development of the College; others have 
given extensive support to thegeneml welfare of the College. (Please note that these areal/ individual 
gifts; matching company gifts are not included when ass igning the Honorary Dean's List.) 

Ronald F. Abler Carl P. Giardini Harold P. Meabon Michael E.Starsinic 
Karl G. Andren Evelyn B. Given Ruby Miller Frederick A. Stephens 

Jeffrey L. Andrews Victor G. David Golder David R. Mitchell, Jr. Erland P. Stevens, Jr. 
G. Beghini Donald H. Hamer Terry R. Mohney John M. Stilley 
Joseph W. Berg, Jr. Don E. Harrison Richard A. Olsen Yeong-Long Su 
Christopher J. Bise Robert D. Hawk E. F. Osborn Stanley C. Suboleski 
AlfredK. Blackadar Grayson G. Heard Warren T. Paynter Donald B. Tait 
Thomas E. Blandford , Jr. Richard T. Houck Bert Phillips Mary Louise Elder Tait 
James H. Brannigan Benjamin F. Howell , Jr. Wesley C. Pickard Miriam Taylor 
Fletcher L. Byrom Eric A. Huranna Jack D. Ramaley P. Stuart Tholan 
John J. Cahir J. Robert Jones Raja V. Ramani Dennis W. Thomson 
Jesse W. Caum Robert G. Jones John C. Redmond James J. Tietjen 
Charles P. Cook Matthew P. Kristof Henry E. Reif , Jr. George E. Trimble 
Joseph C. Culp Rudolph E. Kwiatkowski Will iam H. Renton Dennis A. Trout 
Frederick R. Demler Elizabeth S. Labino Paul F. Robertson Louise Saupp Walker 
George R. Desko Frederick C. Langenberg Raymond G.Roeder Philip L. Walker, Jr. 
Michael S. Deutsch Max W. Lightner Norman J. Rubash John P. Weir 
Helen Lee Ell ison Frank D. Lovett, Jr. Frank Rusinko , Jr. Dixie V. Wellmon 
Thomas V. Falkie Peter T. Luckie Alan W. Scaroni Thomas H. Wentzler 
Jack M. Fillman Samuel J. MacMullan Maryellen Butler Scaroni John E. Werner 
Alison W. Gee Frank Marold George K. Schenck Faith Szuhaj Wojtowicz 

Kenneth H. Gee Randall L. Maud Carl W. Schrock Quentin E. Wood 
Lawrence D. Gent, Jr. Raymond E. McDonald Albert E. Shaffer, Jr. Riad N. Yammine 

1959 H. D. Ludwig John E. Kosin , Jr. Norman R. Laine J. Allen Zak 
Eugene Aleshin Joseph E. Metcalfe, Ill Eric R. Kreidler James V. Lavelline, Jr. 
Ralph A. Amato John F. Morrissette Ronald A. Landon Donald W. Leclai r, Jr. 1964 
John W. Andrews Anthony J. Perrotta Wi lliam F. Marshall , Jr. Earle S. Lenker James W. Anson 
Raymond J. Bratton John F. Rakszawski Dell V. McDonald Robert J. Lovett Steven K. Arnett 
Robert L. Caton David D. Reed Michael M. Michlik James L. Maehrer Alvin A. Cashie 
Dorothy Demos Daye James S. Reed David B. Mooney Robert J. Mroczek Jason K. Ching 
Joseph W. Glass Duane R. Rubash John M. Mores Wesley C. Pickard George R. Coulter 
Charles A. Glotfelty George A. Schnell Larry A. Niemond Frank T. Quinlan Clifford T. Frasch 
David D. Houghton F. Mark Sittig Thomas A. Ogden , Jr. John C. Redmond Forrest E. Jackson 
Harrison E. Hunsicker Alonzo Smith, Jr. Jeffrey R. Parsons Irvin R. Shore Frederick L. Kennard , Ill 
Ronald F. Lay Daniel R. Stewart William C. Pooler Lawrence L. Siders William G. Kern 
Frank Makosky, Jr. Alvin A. Terchick Granger D. Schrader, Jr. Ralph M. Smailer Warren C. Kocmond 
Raymond E. McDonald, Jr. Tseng-Ying Tien Erland P. Stevens, Jr. Bernard F. Tandarich Peter B. Lake 
William A. Nystrom Darla Duross Traynor Richard R. Thompson Gretchen Smith Terchick Elizabeth Stoner Lovejoy 
Will i G. Rauschenberger James F. Traynor Ernest R. Thurber Burton 0. Witthuhn Frank D. Lovett, Jr. 
Glen C. Rosenberger Donald F. Webb Everett P. Tiffany Rowland A. Yeo Henry N. Mccarl 
William G. Sekeras Paul T. Willis Carl F. Wilhelm Thomas W. McCausland 
Eldon B. Shelly Charles E. Zaleski 1963 Jan D. Miller 
David W. Tongue Merlin W. Zook Mary Beyer Ace David R. Reidenouer 
David G. Towell 1961 Sara Peterson Anderson David H. Speidel 
Francis J. Vastola Robert W. Anderson 1962 Stephen Berman William B. Tate, Jr. 
Thaddeus A. Zalenski Alton F. Armington Marshall A. Atwater Joseph J. Cosgrove Thomas W. Turner 

Jesse J. Brown, Jr. Robert J. Beltz Domenic C. Cuffia Warren M. Washington 
1960 Thomas E. Browne, Il l Charles N. Berents, Jr. John W. Diercks Faith Szuhaj Wojtowicz 
K. Richard Agricola Anthony M. Butto Thomas E. Blandford, Jr. Thomas W. Farrior, Jr. William E. Zimmerman, Jr. 
David P. Barnes, Jr. John J. Cahir Frank J. Bonazza, Jr. Arthur F. Fuller, Jr. 
R. Bruce Batdorf Anthony M. Cecere Gilbert J. Brenner David A. Grisafe 1965 
Lamont S. Beers Thomas C. Creese, IV Charles Carson Oscar K. Huh, Jr. WaltherM . Barnard 
Thomas C. Beitel Ranajit K. Datta Lillie Cooper Dachille L. Michael Kaas Lee Charles Berry 
John E. Bonestell John H. Deleon Joseph D. Dankoff Thomas E. Kocur Barry Joel Berty 
Charles A. Brinkley Howard E. Digel Jeremiah F. Dawson G.D. Kravik Daron E. Boyce 
Richard R. Brown Leo J. Duffy James A. Doutt Jerry N. Lint Robert C. Bubeck 
Robert Q. Busch Ferol F. Fish Michael D. Dubnansky James L. Lovejoy Cleve L. Campbell 
Will iam C. Close Daniel B. Hawkins Glen A. Eckhart Donald A. Moskowitz Suyen Chain 

Jerry L. Clupper Maury H. Hendler, Jr. David G. Evans Yosio Nakumura Theodore P. Christini 
Alan J. Davidson Jack E. Hendricks Floyd F. Hauth Elliot Newman Albert Nils Copp 
Delbert E. Day Jay J. Hill Gary W. Henger Norman R. Reitmeyer Gary P. Ellrod 
Peter A.-Dunn Ronald L. Hornberger Robert E. Jones Howard P. Ross Andrew R. Futchko 
John E. Fenstermacher, Jr. Will iam B. Hovey Richard G. Kuhn David G. Sipe Mortimer H. Hait, Jr. 
Eugene Hryckowian Thomas S. Jones Konrad J. Kundig Bruce C. Slifer Robert Joseph 
Sarah Kemberling Kunz Raymond R. Knowles William D. Lafferty Stanley C. Suboleski Hildebrand 
Peter T. Luckie John H. Wittmann Daniel H. Horowitz 

John Foster Houser 
Thomas Cole Joyce 
Richard J. Kline 
Matthew P. Kristof 
James Calvin Kromer 
August Vincent Leshner 
Robert L. Major 
James W. Marlatt 
Joseph Michael Marzo 
Roger Edward McHugh 
Charles R. Miller, Ill 
Lawrence L. Moses 
Alan D. Nadeau 
Mary F. O'Connor 
Charles W. Ondrick 
Wil liam J. Ostrander 
George Nicholas Petregal 
Daniel E. Popovich 
Keith A. Preece 

John Vernon Quinn 
Albert Rango Raymond 
G. Roeder 
Allen R. Spelman 
William A. Turney 
Thomas T. Warner 
Robert P. Woelke 
Gary George Worley 

1966 
Theodore J. Sassman, 
Jr. Norbert F. Bergholtz 
Donald A. Brooks 
William J. Danley, Jr. 
Michael S. Deutsch 
Paul E. Diehl . 
Michael Fritsch 
Raymond J. Glatthorn 
Joseph C. Grabinski 
William L. Jenkins 
Attila I. Kilinc 
Daniel W. Lavis 
Gabriel LeBlanc 
Katherine M. LeBlanc 
Robert H. Leeper, Jr. 
Frank A. Moorshead, Ill 
Ralph H. Nafziger 
John 0. Parke 
Robert I. Sax 
Mordecai Shelef 
R. Roland Shugarts 
Evan T. Shuster 
Richard E. Smith 
Paul T. Stecko 
Robert C. Streeter, Ill 
Paul M. Tag 
Joseph C. Tanner, Jr. 
Dennis Viechnicki 
Robert W. Wolfe 
Thomas E. Zience 

1967 
Edward M. Anderson 
RobertM . Backiel 
ArthurH. Beinlich 
ArthurJ . Bleckinger 
David J. Cuff 
George R. Desko 
Brenda Nauman Diehl 
Jerry R. Doss 
Larry G. Evans 
William S. Falla, Jr. 
Charles R. Faust 
Haydar Gezik 
James A Hickman 
Gerald L. Hixson 
Robert E. Kistler 
Robert G. Maxwell 
David F. McGinnis, Jr. 
Richard H. Merkel 
Mark S. Monmonier 
Jackson L. Pellett 
John D. Quadros 
Marlene Myers Ryder 
Peter T. Sarjeant 
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George K. Schenck B.Joyce 
James L. Stump Leonard Johnson 
Paul I. Tattelman John A. Kaniuk 
Heinz G. Torster Leonard F. Konikow 
Thomas G. Wills Thomas A. Koza 

Alpha M. Livingston 
1968 Walter D. Lottes 
Kenneth L. Aber John M. Miller, Jr. 
Robert W. Avakian Richard A. Olsen 
Robert C. Berglund George A. Reinhart 
DeanG. Calamaras David W. Richerson 
Malcolm P. Chase, Jr. Warren D. Slocum 
David L. Cheverine Joel Sobel 
Richard I. Crouthamel Phyllis Totten Sobel 
John W. D'Amato Anthony V. Sorrentino 
Dennis G. Deaven Elliott Y. Spearin 
William D. Dixon Michael J . Spelman 
Philip E. Donatelli James M. Strycharz 
Peter M. Douglass Delbert J . Thomas 
Janet Ebert Robert E. Tuleya 
J. Terry Engelder George B. Watkin 
Lee H. Gernert Thomas H. Wentzler 
David E. Goldenberg Gary L. Yocca 
James L. Good 
Donald W. Hamer 1970 
John N. Heid Sherwood E. Anderson 
Will iam C. Hirt Albert L. Bellini 
David L. Louck Lawrence S. Bennett 
Albert W Janesky, Jr. Thomas G. Babick 
ElizabethLytleKintigh M. K. Brun 
Leslie D. Kramer Thomas B. Buerkle 
Robert F. Lapinski Robert M. Bufalini 
Ronald L. Lavoie Gary A. Bulger 
Francis E. Lomax David M. Coleman 
George E. Love, Jr. Alfred D. Dalberto 
Ralph B. Maust Allen D. Davis, Jr. 
JamesK.McWilliams Alfred Destephanis 
George F. Merritts Michael F. Ehman 
John G. Misivich Paul S. Fisher 
Olaf Muller Andrew J. Hathaway 
Frank D. Muschett Grayson G. Heard 
Paul A. Nichols John R. Holloway 
Angelo F. Okuma Robert A. Kokoski 
John R. Ousey, Jr. Anne B. Lutz 
Stephen Ragone Ippolito A. Magnelli 
Raja V. Ramani John W. McCormick 
Robert T. Ryder Calvin J. McKee 
Gerald P. Scanlan Regina M. Modreski 
W. Joseph Schlitt, Ill John L. Moses 
Gloria J . Sell Douglas J. Nichols 
John Shade John A. Parrish 
Linda L. Smith DavidC.Ramsower 
Edward S. Sproles, Jr. Satyanarayana T. Rao 
Walter G. Staley, Jr. Douglas P. Sell 
Yeong-Long Su James E. Small 
Gary D. Tate Robert E. Wilt 
Jerry A. Thomas 
Dennis A. Trout 1971 
Roger M. Uhl Walter A. Albert 
Kermit! W. Walrond Michael A. Apgar 
Thomas L. Weimer John L. Avau 
Eugene L. Ziegler, Jr. H. Roger Benedick, Jr. 
Alan M. Zuckerman Anthony J. Bonanno 

Elizabeth Semon Bonczar 
1969 William F. Bruck 
Ronald A. Abate Robert A. Cahn 
Karl G. Andren William J. Cooper 
Ralph W. Atwell , Jr. James F. Cullen 
John Balog, Jr. Dean G. Damin 
Ronald W. Bealer Charles R. Derewecki 
William Bricker Jerome L. Dotter 
Dai S. Choi Phillip D. Falconer 
John J. Dalnoky Dave D. Ferris 
Mahlon D. Dennis Michael Hancher, Jr. 
John H. Fetchen Stephen D. Hartline 
Theodore M. Gard Edward L. Hughes 
John A. Gartman William R. Drayer 
Arthur G. Geary Gene E. Krueger 
G. David Golder Thomas E. Mattus 
Ronald P. Greiner Joseph B. McGill 
Boles Hall William J. Minford 
Patricia Edmonds Heid Peter J . Modreski 
David E. Herman Kenneth F. Nyiri 
John W. Hess Stephen Olenick 
John E. Hull , Jr. Thomas C. Ott 

46 EARTH AND MINERAL SCIENCES 

Larry J. Polinsky 
Robert G. Rahsman, II 
Charles W . Rech 
George E. Rittenberger 
Paul R. Robertson 
Keith C. Ross 
Robert R. Rote 
Richard M. Roulin 
Michael J. Sansone 
Alan Schwartz 
Jeffrey Seretsky 
Albert Shipe, Jr. 
Thomas Tarnok 
Pramod C. Thakur 
Frederick D. Trexler 
William R. Troutt 
Noel J. Wise 
Stephen A. Yatsko 
Paul D. Zelanko 
Clifford R. Zimmerman 

1972 
Rosalia Nastasi Andrews 
Rick L. Balthaser 
Patrick L. Burek 
Robert A. Case 
Robert W. Chase 
Roy A. Christini 
Alan M. Christman 
Louis D. D'Amico 
Michael E. Dean 
Gregory S. Forbes 
Mark W. Fuller 
Louis A. Giordano 
Richard S. Hemler 
Thomas M. Hollenbeck 
Laurence P. James 
Charles J . Johnson 
Stephen A. Johnson 
David A. Lind 
Stephen S. Lyle 
Kenneth H. Magrini 
Duane D. Maietta 
Cynthia J. Makarczyk 
Dennis E. McHugh 
Brian D. McFeaters 
David M. Meko 
Charles B. Monroe 
Dan L. Murray 
Thomas J. Nicholson 
Dennis W. O'Leary 
Thomas J.Oziemblowsky 
Kathy Dyer Peter 
Deborah R. Pile 
Francis Pooler, Jr. 
Richard L. Ranich 
David H. Sage 
Alan C. Samuelson 
Roy L. Schuyler, Ill 
Bernard C. Schwartz 
John M. Stilley 
Joseph S. Tomalavage 
Thomas F. Terries 
Joseph P. Valentine, Jr. 
Ronald W. Wardle 
Herbert L. White 
Kenneth L. Woodruff 

1973 
Lance C. Anderson 
James M. Baker 
Van C. Bowersox 
Fredric S. Capitosti 
Kerry F. Carrington 
Carl R. Chelius 
John P. Cipriano 
Richard G. Clare 
Grover L. Cleveland 
John T. Connor 
J. Houston Costolo, Ill 
Charles W. Ellenberge 
Wilson Fisher, Jr. 
David J. Froehlich 
John E. Fruit 
John M. Garihan 

James K. Hancock Timothy D. Crum Donald R. Brown 
Charles M. Hayduk Jed L. Dulberg Donald R. Brown 
Conrad Joseph Francis J . Fama Milena Nigrin Bucek 
PaulY. Koo Richard K. Heller Joyce Lane Christini 
Binod Kumar Jen D. Hong Frances McCullough Cooley 
Lonnie L. Lewis Richard T. Houck Timothy J . Curci 
Mary Anne S. Majzli Jeffery L. Kohler John H. DeYoung , Jr. 
Peter V. Merritts Robert C. Lipschutz James R. Eby 
Russell F. Messier Parmadath M.Lutchmansingh Todd A. Ellsworth 
Dennis I. Pennington Mark C. Martonik Larry J . Farkas 
John A. Pollack Thomas 0. Mason Joseph G. Gofus, Ill 
William C. Randel Hugh G. McRandal , Jr. Rodney F. Gonski 
Henry E. Reif, Jr. Francis E. Merli Bruce T. Green 
Brandt A. Rising Ronald M. Meyer David A. Griffis 
Joseph A. Sbaffoni Richard K. Ormrod Mahlon G. Justice, Jr. 
Marilyn B. Scholz Krishna Parameswaran Pamela Eckberg Justice 
Donald K. Smith Gregory D. Patterson Paul G. Knight 
Gary E. Smith Katharine Browne Perry Sheldon J. Kusselson 
Mary Hrivnak Smith Lynn A. Shaner Robert W. Leathers 
Robert C. Smith, II Hampton N. Shirer Isabel Knwlton Lloyd 
William J. Spence Frances V. Stohl Edward A. Luczki 
W. T. Williams Mark G. Swiger David A. Luttner 
Terril E. Wilson John 0. Voigt Thomas M. Majcher 
H. Mickey Wolk Dale N. Walker Randall L. Maud 
Stephen W. Yorks Jane M. Welch MichaelH . McDonald 
Charles W. Yurchick William E. Wertz Michael L. Morrison 
Charles E. Zabrosky David H. Oppenheimer 

1975 John W. Passmore 
1974 W. Scott Aaron Thomas S. Piper 
Gary W. Brink John R. Ackerman Kenneth L. Schere 
Richard C. Campbell James D. Beckman Ronald L. Schwiesow 
Gene E. Churchel Carl W. Benkley Albert E. Shaffer, Jr. 
David R. Cook Edward H. Boyle, Jr. F. Jeanne Shaub 

The Obelisk Society 

The members of the Obelisk Society are the College's true 
benefactors. Collectively, their continued support of our 
studen ts and programs provides us with operational flexibility 
and makes the College a special place to work and study. In 
the past year the following individuals were gra nted member­
ship in the Obelisk Society in recognition of their outstanding 
support of College programs: 

Thomas E. and Patricia Blandford 

Rudolph E. and Barbara Kwiatkowski 

Wesley C. and Jeannette Pickard 

Raja V. and Geetha Ramani 

Members of the Society 

Dixie V. Bayer 
Victor G. Beghini 
Luther T. and Martha A. Bissey 
James H. Brannigan 
Samuel H. Byers 
Fletcher L. Byrom 
Helen V. Chelius 
Anne Deike 
Thomas V. and Jean Falkie 
Carl P. and Mary Ann Giardini 
Howard L. Hartman 
Milton E. Holmberg 
Richard 0 . Hommel 
Mary B. Hughes 

Donald E. Kline 
Charles E. Knopf, Jr. 
Thomas M. and Eleanor Krebs 
Adolph J. Lena 
Harold P. and Betty J. Meabon 
E. Willard and Ruby S. Miller 
Will iam H. and Jeanne Renton 
Norman J. Rubash 
Gladys D. Snyder 
Donald F. Stock 

Miriam Taylor 
George H. Todd 
George E. Trimble 
Philip L. Walker, Jr. 
Cecilia E. Weidhaas 
Ernest S. and Julia F. Weidhaas 
John P. Weir 
Quentin E. and Louise Wood 

Members in Memoriam 
Gus A. Beard 
George H. Deike, Jr. 
William H. Gosnell 
Edward C. Hammond, Jr. 
William A. Haven 
John P. Herrick 
James S, Hudnall 
H. Herbert Hughes 
Harvey P. Kocher 
Van H. and Helen R. Leichliter 
Livingston P. Teas 
Anne C. Wilson 
Matthew J. Wilson , Jr. 



James J. Van Ackeren 
Richard J. Volk 
Donald P. Ziegler 

1976 
Daniel E. Anderson 
E. Scott Bair 
Christopher J . Bise 
Frederick Y. Borden, Ill 
Fred V. Boyce 
George B. Cipolletti 
Alan S. Cuddy 
Gay A. Deamer 
Michael R. Deamer 
Frederick R. Demler 
Linda Kass Demler 
Deborah Magnusson 
Graves Shawn C. Green 
N. Andrew Greig 
Dean P. Gulezian 
Werner J . Heck 
Shuang-Shii Hsieh 
Gary M. Iversen 
John S. Jensenius 
Jill A. Jordan 
Thomas S. Kovach 
John S. Malandra 
Daniel R. Marx 
James P. Materkowski 
Robert E. Mazurak 
Michael T. McCullough 
Steven A. Mellon 
M. Craig Miller 
Eric J . Minford 
Donald J. Perkey 
Daniel M. Pierce 
Michael F. Placha 
Theresa M. Pompey 
Anthony J. Sadar 
John T. Schakenbach 
Charles E. Titley 
Barry L. We inman 
Raymond L. Wygonik 

1977 
Jeffrey L. Andrews 
Gretchen Kulp Barlow 
David A. Beerbower 
Gary J . Bookhammer 
Charles M. Bowers 
Larry B. Boyer 
David E. Brandau 
William R. Bua 
Bernard J. Busovne, Jr. 
Maria Nalepka Buss 
John R. Carmony 
John G. Cogoli 
Todd M. Coleman 
Paul H. Conley 
Harry L. Crouse 
Henry B. David 
Carole lnzillo Davis 
Mark R. Denkowski 
Thomas H. Diehl 
Donald L. Dietz 
Kathryn Dorsch Drean 
Gregory A. Dries 
Andrew T. Egnot 
Randy S. Ewasko 
Kenneth S. Fantone 
John B. Fenton 
Ronald T. Flynn 
Edward J. Fry 
William R. Gough 
Gary L. Gross 
John R. Hellmann, Jr. 
Terry L. Hess 
Thomas C. Holmes 
John J. Hribar 
Brian A. Johnson 
Donald B. Journey, Jr. 
Mark E. Kissel 
Lisa A. Korner 
John C. Kulp , Ill 
Joseph A. Kustra 

Dennis J . Landini 
Linda Holden Landini 
Craig S. Long 
David B. MacKenzie 
James D. McConnell 
James T. Meyer 
Terry R. Mohney 
Lauren Taylor Marone 
Larry C. Newcomer 
Nancy J. Norton 
Steven G. Perry 
Fredric L. Pirkle 
James A. Quay 
G . D. Richardson 
Mark A. Ruths 
Deborah A. Ryan 
Linda H. Schakenbach 
Mark L. Silverman 
Michael J . Stempo 
Jeffrey R. Stoudt 
Charles J. Tapper 
Karen Haugh Urbanik 
Thomas A. Yager 
Michael J . Zimmerman 

1978 
Frank M. Bennett 
Joel M. Blank 
Mary A. Bliszcz 
Kathleen Borawski 
John C. Brinska, Jr. 
Brendan M. Burns 
Louis J. Capitanio 
Daniel J . Cockfield 
Dale A. Dockus 
Thomas A. Drean 
Patricia L. Drews 
Steven B. Easton 
Turgay Ertekin 
Jerome A. Fabanich 
Katherine T. Faber 
Charles M. Fettig 
Steven W. Geise 
William R. Gerber 
Philip S. Getty 
Timothy T. Herd 
George S. Hoopes 
James C. Hower 
Carl R. Hubacher 
Elizabeth B. James 
Boyd M. Kardash 
Scott E. Lavan 
Dennis J. Maiorino 
John A. McNab 
Richard J. McKeever 
Paul S. McQuiston 
Donald G. Miller 
Ronald L. Miller 
Jay B. Parrish 
John J. Pio 
Michael J . Pivarnik 
Carol A. Ratway 
Frank N. Repplier 
Thomas G. Rogers 
John C. Scibek 
Jeffrey P. Sgambat 
John H. Sharadin 
Jerome M. Siekierski 
Marcia Reeves Simpson 
Randy W. Snyder 
Charles E. Sorg , Jr. 
Sam W. Steele 
John Stolar, Jr. 
Joseph J. Tanski 
Jack T. Urie 
Thomas W . Verscharen 
Steven M. Weiser 
Judith Gray Wilson 
Joseph S. Wood 
Charles W. Woods 
Larry E. Yeager 

1979 
Mark A. Altman 
John N. Berezniak 

David B. Bodnar 
James J. Bryja 
Catherine Connell Chess 
Ronald S. Gunter 
Larry P. Dooley 
Gregory B. Fishel 
Raymond M. Follador 
Martin J . Germick 
Jeffrey L. Hoffman 
Janice A. Jenkins 
Janet C. Kappmeyer 
Steven J. Katcher 
Gregory R. King 
StevenL.Kirshenbaum 
Timothy S. Knobloch 
Walter F. Kropf 
Sherry Bossler Lessens 
Glenn Lovitz 
Bernard G.McCloskey 
Douglas W. Meyer 
Cynthia M. Miller 
John F. Moses 
Jerome P. Myers 
Ricky A. Myers 
Gregory J. Natyzak 
John S. Novak 
David E. Palfrey 
Bhupendra K. Parekh 
Douglas R. Pease 
Laura Mullaney Quay 
Stephen W. Rawlings 
Richard E. Ray, Jr. 
Nancy L. Renninger 
Peter N. Rigby 
Kurt P. Rohrbach 
Robert D. Rosensteel 
Lori E. Saler 
Alan W. Scaroni 
Steve S. Schatz 
Glenn A. Shirey 
Richard J . Sichler 
William G. Spengler 
David Stonier 
George W. Trew II 
Mark R. Ulrich 
Nancy H. Uziemblo 
Jeffrey L. Ventura 
Robert E. Weaver, Jr. 
William B. Wells , Jr. 
Kathryn Kelly White 
Toni Michele Winslow 

1980 
Christy A. Bell 
Stanley G. Benjamin 
David M. Bimber 
Keith F. Brill 
Robert A. Brozdowski 
Richard P. Burkhart 
David R. Cole 
Philip M. Cook 
William E. Corbin 
John A. Costello 
Joseph H. Coupe, Jr. 
Frederick G. Crack 
William A. D'Adamo 
Alan Dresser 
Kenneth Dupal 
TimothyE.Easler 
Roderick G. Eggert 
Herbert E. Fry 
Pamela Stein Fry 
Stephen P. Garabedian 
Leslie V. Green 
Steven R. Haas 
Bradley S. Hartz 
Robert B. Hawman 
John C. Halko 
William J. Horan, Jr. 
John P. Hughes 
Eric A. Huranna 
Joseph P. Hurtack 
Thomas J. Jesberger 
Fred C. Jug , Jr. 
Ellen Richter Karasevich 

LawrenceP. Karasevich 
Mark E. Kendrick 
Gary A. Killian 
Terence P. Kirchner 
Brian G. Landes 
Charles M. Lehman 
William E. Lehman 
Richard C. MacNeel 
Nina Johnson Mata 
Carl F. McColey 
Philip J. Meehan 
Stuart M. Miller 
Mark S. Nestler 
David A. Newman 
Robert J. Onolrey 
James D. Opfer 
John A. Organiscak 
Andrew R. Parsons 
Lanning M. Penn 
Jeffrey A. Perini 
Ronald D. Petherbridge 
Daniel Pettit 
Frank D. Prah 
Jeffy A. Radman 
John G. Rapp 
Mark A. Ridgley 
Charles L. Rothermel 
Gregory A. Samay 
John D. Shelton 
Michael E. Starsinic 
Gregory L. Stone 
Terence G. Tomes 
Stephen J. Urbanik 
Kenneth T. Valentine 
Ronald K. Wackowski 
Chang-Feng Wan 
Douglas C. White 

1981 
Gregory S Aggon 
E. Scott Billingsley 
Robert E. Bolinger, Jr. 
Cynthia Moyer Burkhart 
Nancy E. Cobb 
Stephen F. Corfidi 
John R. Cornwell 
Bruce G. Crocker 
CharlesJ. Donahue, Jr. 
Segal E. Drummond, Jr. 
Dean P. Dubois 
John E. Ehleiter 
Timothy P. Evans 
Jane Klementovic Farkas 
Brian D. Green 
Gary M. Grillette 
William H. Harasty 
Gerald T. Homce 
Stephen S. Howe 
Gregory T. Jones 
Andrew B. Jordon 
Christine Barr Kalnas 
David P. Karrs 
Anthony J. Kazda 
John W. Kiser 
Robert I. Lacock 
Robert W. Larson 
Clare C. McCarty 
Craig A. McCracken 
Randall D. Metz 
Carl E. Mohney 
Ricky D. Morgan 
Lue E. Mosher 
Diane Price Navoy 
Walter A. Navoy 
Judith A. Nemetz-Kelso 
Thomas J. Paone 
Paul A. Rey 
Keith D. Shotts 
Lauren M. Showak 
David S. Silberstein 
Brian W. Skelly 
Richard E. Spranger, Jr. 
Douglass R. Tietbohl 
Yen Touysinhthiphon 

H. Thomas Tsai 
Drew S. Von Tish 
Richard J. Ward 

1982 
Christopher P. Alloway 
Joseph J. Bastian 
David J. Blasko 
Jeffrey J. Calarie 
Gary A. Campbell 
Joseph J. Christy 
Roger H. Christy 
Lorraine Morgan Cohen 
Rodney J. Confer 
John J. Conway 
Helen Richter Cramer 
Matthew R. DeDad 
Dominic F. DeNofa, Jr. 
James E. Dellaquila 
Barbara L. Elder 
Thomas V. Falkie, Jr. 
Alison W. Gee 
Gavin G. Guarino 
Clyde C. Hepner, Jr. 
Edward C. Hicks 
Dennis F. Kelter 
John P. Keyes 
R. Joseph Kneedler 
Edward A. Kobilis 
James J. Kohlhaas 
Bruce A. Laverty 
Kimberly A. Lutz 
Christina B. Maloney 
Ben L. Manns 
Colleen Curtin Miceli 
Samuel W. Mauck 
Joanne Kochanowski 
Nedley Richard S. Olaf 
John B. Partridge 
Randy E. Pletcher 
David W. Plummer 
Stephen L. Salyards 
Jonathan F. Sartell 
Albert E. Segall 
Dayanand S. Shahapurkar 
Maria Franco Spera 
Robert A. Sporcic 
Thomas J. Suarez 
Kimball Nettleton Tousin 
James T. Trocchio 
Michael R. Trolier 
Timothy D. Tulia 
Randal L. Van Scyoc 
Mary E. Ward 
Mark D. Warmkessel 
Harry R. White , Ill 
Pamela Dick White 
Colin T. Williard 
Kathryn A. Wilt 
Michael J . Wolf 
Alan T. Woodward 
David A. Yantos 

1983 
Christine L. Alex 
James R. Ammer 
John H. Barder 
Alan R. Barker 
Stephen A. Bentley 
Craig M. Berkey 
Pamela Quigley Biterge 
Michael J . Bright 
David S. Brugger 
William P. Calvin 
Lynn D. Campbell 
Thomas B. Cauley 
Kathleen Chapman 
Charles A. Claus 
John W. Daugherty 
John N. Dougherty 
Vernanne Lord Duermit 
Marguerite Suarez Dunn 
John G. Dvorscak 
Christopher L. Evans 
Donna J. Fisher 

Dennis J. Fitzgerald 
William A. Frauenheim, Ill 
Christine Gravener 
Raymond W. Higgins 
Anne B. Hughes 
James B. Jacoby 
Noel H. Kaplan 
William P. Kinneman, Jr. 
Brian D. Kloo 
William G. Kohlman 
Melanie McMillen Lauer 
Margaret J. Lembach 
Dwight Locke 
Jeffrey A. Macdonald 
Douglas C. Malcolm 
Carol Spranger Mason 
Mark G. McClelland 
Leo J. McGahan 
Alan J. McBean 
Sean K. Minnick 
William C. Momberger 
Mark G. Mortenson 
Charlene Hawk Nelson 
Carolyn Yee-Han 
Matthew B. Noblet 
John A. Novak 
Edward C. Nowak 
James B. Regg 
Frank D. Repoley 
Ryan A. Rodgers 
Richard D. Rosencrans 
Steven J. Rossell 
James 0. Rumbaugh, Ill 
Gregory M. Schafer 
Donald L. Schmalzried 
Mark S. Semethy 
Thomas D. Sherrill 
Debra Vincer Sipe 
Ralph R. Sloan , Ill 
Alex J. Sosnowski , Ill 
David J . Stecko 
Christopher S. Strager 
Raymond E. Sullivan, Jr. 
Theresa Kerly Suscavage 
David J . Thompson 
Linda K. T rocki 
Heather Graham Trumbauer 
Robert H. Tust 
Jeffrey A. Warmkessel 
Suzanne D. Weedman 
John S. Wetherell 
David J. Willgruber 

1984 
John J. Borek 
Georgeanne Engel Cluskey 
John W . Cory 
Stephen A. Costantino 
Frank M. DeSendi 
John C. Dellaport 
Hardave Dhaliwal 
Susan A. Foster 
Ronald A. Gallagher, Jr. 
William R. Gibson 
Joseph R. Glatz 
Judith Boscia Glazier 
Robert M. Glazier 
Jane A. Haas 
Glenn C. Heckman 
Lawrence E. Key 
Peggy King Landes 
Dana T. Magusiak 
Jon J. Major 
Michael A. Mason 
Lorie Downing Moffat 
Matthew 0. Murray 
James T. Nelson 
Todd D. Nelson 
Christine C. Nichols 
Bruce O'Sullivan 
David L. Pakes 
Kelly Shaffer Pakes 
Daniel E. Parker 
Eric S. Peiffer 
Kevin R. Petak 
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Honor Roll of Companies and Organizations 

AAI-Abtech 
Abbott Laboratories Fund 
Accu-Weather 
Air Products Foundation 
Air Products & Chemicals, Inc. 
AKZO American Foundation - Int. Salt 
Alcoa Technical Center 
Allegheny Ludlum Steel Corporation 
Allied Signal Corporation Foundation 
Amax Foundation, Inc. 
American Ceramics Society 
American Chemical Society 
American Cynamid Company 
American Electric Power Service 
American Electroplaters Society 
American Statistical Association 
Amoco Foundation Inc. 
Amoco Research Center 
AMP Foundation 
AMP Incorporated 
Amsted Industries Inc. Foundation 
Arco Chemical Company 
Arco Coal Company 
Arco Foundation 
Arco Oil and Gas Company 
Armco Foundation 
Armstrong World Industries Inc. 
Asarco Foundation 
Ashland Coal Inc. 
Ashland Oil & Refining Co. Foundation 
AT&T Bell Labs 
AT&T Foundation 
Atlantic Research Corporation 
Atlas Powder Company 
RC Baker Foundation 
Bechtel Foundation 
Berwind Corporation 
Black & Decker Manufacturing Co. 
BOC Group 
BP America Inc. 
British Petroleum Exploration Inc. 
Brown Bear Bait Company 
Bucyrus-Erie Foundation 
Burlington Northern Foundation 
Cabot Corporation Foundation 
Carborundum Company 
Carpenter Technology Corp. Foundation 
Certainteed Corporation Foundation 
Chevron Geosciences Company 
Chevron Oil Company 
Chevron Research Company 
Chevron USA Inc. 
Cleveland-Cliffs Foundation 
Columbia Gas System 
Columbia Gas Transmission Company 
Columbia Natural Resources 
Combustion Engineering Inc. 
Conoco Inc. 
Consolidated Natural Gas Foundation 
Consolidation Coal Company 
Corning Inc. Foundation 
Crucible Research 
Cyclops Foundation 
Digital Equipment Corporation 
Dow Chemical Company Foundation 
Dow Chemical USA 
Dow Corning Corporation 
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Dresser Foundation Inc. 
Drexel Burnham Lambert 
E. I. Dupont Company 
Duquesne Light Company 
Eastman Kodak Company 
Ecolab Foundation 
EG&G Foundation 
Elf Aquitaine 
Elf Aquitaine Petroleum 
Eniricerche S P A 
Equitable Gas 
Exxon Education Foundation 

' Exxon Research & Engineering Co. 
Ferro Corporation 
Fettig Construction 
First City Texas 
FMC Corporation 
Ford Motor Company Fund 
Galileo Electric Optics Corporation 
General Dynamics Corporation 
General Electric Foundation 
General Motors Foundation Inc. 
Good Samaritan Hospital 
Grace Foundation Inc. 
GTE Corporation 
GTE Labs 
Halliburton Foundation Inc. 
Harper Row Publishers Inc. 
Hercules Inc. 
Hewlett Packard Company 
Hughes Aircraft Company 
IC! Americas Inc. 
Idemitsu Kosan Company, Ltd. 
Inco Alloys International Inc. 
Inland Steel Company 
Intel Corporation 
International Paper Co. Foundation 
Island Creek Coal Company 
J & L Specialty Production Corp. Foundation 
Johnson & Johnson 
Katen and Associates Inc. 
Kennametal Foundation 
Kerr McGee Corporation 
Keystone Carbon Company 
Liberty Corporation Foundation 
LTV Steel Company 
Mack Trucks Inc. 
Marathon Oil Foundation Inc. 
Martin Marietta Corp. Foundation 
Martin Marietta Energy System 
Massey Coal Services, Inc. 
Massey Foundation 
Maxus Energy Corporation 
May Stores Foundation Inc. 
McGraw-Hill Foundation Inc. 
Mellon Bank of North America 
Mengle Foundation 
Middle South Services, Inc. 
Mitre Corporation 
Mobil Foundation Inc. 
Mobil Research Development Corp. 
Monsanto Chemical Company 
Montana Tunnels Mining 
National Coal Association 
National Steel Corporation 
NCNB Texas 
New Enterprise Stone & Lime 

New Jersey Bell 
NGK Metals Corporation 
Nippon Steel Corporation 
North American Coal Corporation 
North American Philips Company 
Norton Company Foundation Inc. 
Occidental Oil & Gas Foundation 
Occidental Petroleum Foundation 
Ohio Bell Foundation 
Oryx Energy Company 
Owens-Corning Fiberglass Corporation 
Owens-Illinois Inc. Foundation 
PA Grade Crude Oil Association 
David & Lucile Packard Foundation 
Peabody Coal Company 
Pennzoil Company 
Pergamon Press Inc. 
Pittsburgh American Ceramic Society 
PP&L PPG Industries Foundation 
Public Service Electric and Gas Company 
Quaker Oats Foundation 
Quaker State Oil Refining Company 
Raytheon Company 
Reading Alloys Inc. 
Reynolds Metals Company Foundation 
Rochester & Pittsburgh Coal 
Rohm & Haas Company 
Santa Fe Southern Pacific Foundation 
Sawyer Research Products Inc. 
Shell Companies Foundation 
Shell Development Company 
Society of Petroleum Engineers 
Society of Mining Engineers 
SPS Technologies Foundation 
St. Mary's Area Chamber of Commerce 
Stackpole Corporation 
Standard Oil Company 
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COLLEGE NEWS NOTES 

Anthracite Institute 
Established at Penn State 
A $108,900 grant from the Pennsylvania 
Energy Development Authori ty and 
matching funds from the anthracite 
industry have established a new Anthra­
cite Institute at Penn State under the 
auspices of the Combustion Laboratory. 

The Institute's goals are to create new 
markets for anthracite through the 
application of technical advances, to 
maintain a technical extension service to 
ease anthracite into new markets, and to 
help with existing markets. 

The Institute will be directed by Peter 
L. Rozelle and have an advisory board 
consisting of representatives of industry, 
independen t power producers, and state 
government. An extension office will be 
located at Penn State's Wilkes-Barre 
Campus to maintain a regular presence in 
the coalfields. 

A number of research projects are 
underway and several others are under 
discussion. One such project, with the 

New York State Electric and Gas Com­
pany, focuses on developing optimal 
operating procedures for burning blends 
of anthracite and bituminous coal; 
another is testing the performance of 
limestone flux in anthracite-refuse-fired 
fluizided bed combustors. Most fluidized 
bed combustors in Pennsylvania are 
operated by independent power produc­
ers who sell electricity to the utilities and 
steam to processing plants. 

A future project will be to introduce 
anthraci te into the steel industry as a coke 
substi tute. Rozelle points out that strict 
controls over the benzene emissions from 
coke ovens under the new Clean Air Act 
could cause substantial increases in the 
cost of coke, and that 'up to a certain 
percent' anthracite is an acceptable 
substitute that currently costs $20 per ton 
less than coke. 

Another project would adapt steel fire­
tube boilers to anthracite firing for space 
heating. It would focus on boilers with 
firing rates of two to 10 million BTUs per 
hour and attempt to lower the capital cost 

of equ ipment while increasing efficiency. 
Anthracite, a high-carbon, low­

volatile, low-sulfur coal, can also be used 
in the carbon industry to produce 
graphite and the activated carbon used in 
filters. The current market for anthracite 
is divided evenly among residential, 
industrial and commercial space heating; 
metallurgical uses; utilities and cogenera­
tion and miscellaneous uses. 

NABGG Meets at Penn State 
John Leftwich, doctoral candidate in 
geosciences, served as chair of the 9th 
annual Conference of the National 
Association of Black Geologists and 
Geophysicists, held at Penn State in 
October. 

The conference theme was "The 
Geoscientist' s Role in Preserving the 
Environment: Education for the 21st 
Century," with technical sessions on a 
wide range of topics in geology and 
geophysics including sedimentology, 
shallow aquifer pollution and water 
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resources, and the application of Earth 
Science information. The keynote address 
on the conference theme was given by Dr. 
Charles Brown, USGS hydrologist, who 
received his Ph.D. from Penn State in 
1977. 

In addition to its regular members, the 
conference was attended by about 40 high 
school students and their teachers from 
the Pittsburgh area. A specific goal of the 
Association is to inform students about 
careers in geology and geophysics and 
assist them with scholarships and 
summer employment opportunities. 

College Establishes Ties with 
Turkish University 
Leaders of Turkey's Middle East Techni­
cal University (METU) visited Penn State 
earlier this year to celebrate the signing of 
a memorandum to encourage exchanges 
and cooperative initiatives between the 
two institutions. 

Since the initial focus of exchange will 
be with the College of Earth and Mineral 
Sciences, the distinguished visitors, 
METU President Dr. Omar Saatcioglu, 
Vice President Dr. Muharrem Timucin, 
Dean of Engineering Dr. Suha Sevuk, and 
Faculty Coordinator Dr. Erda! Una!, 
toured EMS and met with Dean John 
Dutton and members of the faculty. 

Dr. Una!, an alumnus of the College, 
received his doctorate in mining engi­
neering from Penn State in 1983, and is 
now associate professor of mining 
engineering at METU. During the visit, 
he and Dr. R.V.Ramani discussed plans 
for a joint research program between the 
METU and EMS Mineral Engineering 
Departments. In addition, a number of 
EMS professors plan to visit METU in 
June 1991. 

The Middle Eastern Technical Univer­
sity was established in Ankara, Turkey, 
in 1957 and now has around 18,000 
students. Both undergraduate and 
graduate programs are offered, with a 
strong emphasis on engineering disci­
plines. English is a common means of 
communication. Since 1962, a major 
reforestation program has been under­
taken to beautify METU's large modern 
campus and its surroundings in the 
suburbs of Ankara. 

CAM Attracts International 
Delegations 
A delegation from the Royal Netherlands 
Embassy and several Dutch universities 
visited the College in October to discuss 
the industrial application of advanced 
materials research with researchers of the 
Center for Advanced Materials. 
Seminars on current research related to 
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ceramics, diamond deposition, interfaces 
and composites, fibers, electroceramics 
and bioceramics were given by EMS 
researchers Karl E.Spear, David J. Green, 
Richard E.Tressler, Wayne Huebner, 
Carlo G.Pantano, John R.Hellman and 
Paul Brown, and others from the College 
of Engineering and the Materials Re­
search Laboratory. 

CAM recently sponsored a special 
seminar at Penn State by researchers from 
the Engineering Research Association for 
High Performance Ceramics-Japan. The 
ten'.-member Japanese team, led by 
Mamoru Nakamura, senior researcher at 
the Government Industrial Research 
Institute and Hiroshi Abe, director of 
ceramics at Asahi Glass, presented "An 
Overview and Specific Research Project 
Reports of Japan's Structural Ceramics 
Project." 

In return, Richard Tressler, John 
Hellman, David Green and Wayne 
Huebner gave talks on recent CAM 
research. During an afternoon session, the 
delegation toured Penn State's Materials 
Research Laboratory. 

Faculty Activities 
Paul D. Simkins, professor of geography, 
received the Distinguished Teacher 
Award of the Pennsylvania Geographical 
Society at the society's annual meeting at 
Washington and Jefferson College, 
Washington, Pa. 
Ronald Abler, professor of geography, 
and Wilbur Zelinsky, emeritus professor 
of geography, received the Distinguished 
Scholar Award of the Pennsylvania 
Geographical Society for their work as 
editors of the Atlas of Pennsylvania. 
Robert E. Newnham, Alcoa professor of 
solid state science, delivered the Dow 
Lecture to Northwestern University's 
Material Science and Engineering 
Department; the plenary lecture at the 
2nds International Ceramic Science and 
Technology Congress in Orlando, Florida, 
and the keynote address at the Interna­
tional Symposium on Fine Ceramics, held 
in Arita, Japan. 
H.L.Bames, distinguished professor of 
geochemistry, and A.W.Rose, professor 
of geochemistry, co-chaired a Workshop 
on the Geology and Geochemistry of 
Gold Deposits, sponsored by the National 
Science Foundation and the Brazilian 
National Research Council and held in 
Minas Gerais and Bahia, Brazil. 

Ten leading researchers from each 
country examined the current under­
standing of the origins and exploration 
methods for gold deposits and discussed 
potential topics for joint research projects. 
John J. Olivero, professor of meteorol-

ogy, has been appointed to a committee 
to plan a supporting research and 
technology program for the Earth's 
mesosphere and lower thermosphere for 
NASA Headquarter's Space Physics 
Division. 
LG.Austin, emeritus professor of fuels 
and mineral engineering, presented a 
paper and served as session chair at the 
2nd World Congress on Particle Technol­
ogy, Kyoto, Japan, for which he was also 
a member of the organizing committee. 
Professor Austin is currently a Profes­
sional Fellow in Chemical Engineering at 
UMIST, U.K. 

Student A wards 
Charles William Bartges received the 
1990 Xerox Research Award for "research 
accomplishment by a Ph.D. student." Dr. 
Bartges, a student of Professor Earle Ryba 
in Metals Science and Engineering, 
carried out his thesis research in the area 
of quasicrystals. His thesis title was, "An 
Investigation of the Structure of an 
Icosohedral Aluminum-Lithium-Copper 
Intermetallic Phase Using Modified Single 
Crystal X-Ray Diffraction Techniques." 
C. Eric Ramberg won the 1990 Xerox 
Award in Materials Science for "Best 
Research by an Undergraduate" for his 
entry "Fabrication of Continuous Fiber 
Reinforced Alz03 Composites via 
Infiltration with Al(N03)3. 9Hz0." His 
research advisor was John R. Hellman, 
Assistant Director of CAM. 

Faculty Bookshelf 
Peter R. Gould, Evan Pugh professor of 
geography, is author of Fire in the Rain: the 
Democratic Consequences of Chernobyl, 
published in the United States by Johns 
Hopkins University Press and in the U.K. 
by Polity Press and Basil Blackwell. 

The book , which has received 
excellent reviews, illuminates the 
confused actions and statements of 
government agencies and media follow­
ing the Chernobyl nuclear disaster of 
April 1986. Gould contrasts the approach 
of various democratic but bureaucratized 
European governments to the situation 
and poses fundamental questions of 
responsibility. 
[Dr. Gould's brief summary of this book 
appeared in Earth and Mineral Sciences, 
V.57 No.4, 1988 under the title "Tracing 
Chernobyl's Fallout." A very few copies 
of this issue are still available.] 

Benjamin F. Howell, Jr. , emeritus profes­
sor of geophysics, is author of Introduction 
to Seismological Research: History and 
Development, published by Cambridge 
University Press. The book is divided into 



four periods: a mythological period 
previous to the Lisbon earthquake of 
1755; an observational period from 1755 
until the development of recording 
seismometers late in the nineteen century; 
an instrumental period during which the 
Earth's interior was explored by studies 
of recorded sismic waves; and a modern 
computational period that began with the 
development of the digital computer. 

Professor Howell, associate dean 
emeritus of the Graduate School, was 
head of the Division of Geophysics and 
Geochemistry from 1949-54 and of the 
Department of Geosphysics and Geo­
chemistry from 1954-63. 

Derrill M. Kerrick, professor of petrology, 
is author of the book, "The Al
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Polymorphs," published as Volume 22 in 
the Mineralogical Society of America 
Series Reviews in Mineralogy, edited by 
Paul H. Ribbe. This is only the second 
monograph in the sixteen-year history of 
this geotechnical series. The volumes are 
frequently used in MSA short courses 
given at national meetings of the 
Geological Society of America and the 
American Geophysical Union. 

Kerrick reviews the chronological 
development of research on aluminum 
silicates and uses this mineral group, 
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Dr. Richard B. Alley, assistant professor of 
geosciences, was one of a team of U.S. 
scientists participating in the Greenland Ice 
Sheet Project 2 last summer. This is the 
second year for the ice boring project that aims 
to drill down approximately two miles through 
the ice sheet to bedrock and study ice cores for 
signs of climate and environmental change. 
So far they have bored about 1000 feet. 
Among other scientific investigations, they 
have taken temperatures from the top 700 feet, 
representing the past 500 years, and essen­
tially confirmed evidence for the warm period of 
A.O. 1400 to 1650, the colder period from 1650 
to 1900, and the warmer period of this century. 

comprising the minerals andalusite, 
sillimanite, and kyanite, to illustrate a 
range of experimental, theoretical and 
field problems in metamorphic petrology. 
Aluminum silicates are abundant in 
metamorphosed shales and widely used 
as geothermometers and geobarometers 
for metamorphic rocks. The book is 
based on a series of seminars presented 
by Dr. Kerrick at the University of Basel, 
Switzerland, in 1985 and as a subsequent 
graduate course in the Department of 
Geosciences. 

E. Willard Miller, emeritus professor of 
geography and associate dean of resident 
instruction emeritus, and Ruby M. Miller, 
associate map librarian and former map 
librarian, Pattee Library, are co-authors of 
Environmental Hazards: Radioactive 
Materials and Wastes, published by ABS/ 
CLIO, Santa Barbara, CA. 

A perspective presents a survey on the 
nature of radiation, natural and man­
made sources of radiation, reactor plant 
accidents, emergency planning and health 
effects of ionizing radiation. Five chapters 
facilitate convenient access to chronologi­
cal highlights, laws, regulations and 
treaties, directory of organizations, a 
bibliography of books, journal articles 
and government documents, and a list of 
films and videocassettes. 

Robert F. Schmalz, professor of geology, 
E. Willard Miller, emeritus professor of 
geography, and S.K.Majumder of 
Lafayette College are co-editors of 
Environmental Radon: Occurrence, Control 
and Health Hazards published by the 
Pennsylvania Academy of Sciences. 

This book of 30 chapters and 39 
authors provides a comprehensive survey 
of environmental radon. The volume is 
divided into six parts: a historical 
perspective, geological aspects of radon, 
the detection and measurement of radon, 
health problems and the regulation and 
policies of radon control, legal aspects, 
and economic impacts. 

Penn State chapter authors include 
geoscientists Arthur W. Rose, John W. 
Washington, and Daniel J. Greeman; 
nuclear engineers William A. Jester, 
Bonnie C. Ford, and James Livingston; 
and business lawyer Benjamin A. 
Henszey. 

Allan Rodgers, emeritus professor of 
geography, is editor and contributor to 
The Soviet Far East: Geographical Perspec­
tives on Development, published in London 
and New York by Routledge. 

In chapters by eleven specialists, the 
book explores the geographical and 
economic complexity of the Soviet 

Union's largest economic region and 
considers the prospects for the successful 
development of its valuable natural 
resources. Remoteness, an inhospitable 
climate, primitive transportation net­
works, administrative inefficiency, and 
the inability to attract a suitable 
workforce are among the problems of 
this vast region that extends from Lake 
Baykal to the Arctic Ocean, the River 
Lena to the Pacific . 

Barry Voight, professor of geology and 
geological sciences, is editor of Snow 
Avalanche Hazards and Mitigation in the 
United States, the Panel Report of the 
National Research Council, Committee on 
Ground Failure Hazard Mitigation. 
The report examines the physical and 
social measures taken to combat a natural 
hazard that on average kills 17 and 
injures 65 in the United States each year, 
and reviews mitigation programs in other 
countries. The Panel deplores the lack of 
a national program or guidelines for 
avalanche prediction, land use planning, 
research or education since the US.Forest 
Service relinquished its limited responsi­
bility in these areas in 1985 due to lack of 
funding. In contrast, other countries have 
both effective research programs and 
regulation of structures and activities in 
avalanche-prone areas. The Panel 
identifies the steps that should be taken to 
rectify the situation. 

Message to EMS Alumni 
Have We Missed You? 
We want to be sure that the personal 
information in the new Alumni Directory 
is correct. All questionnaires should have 
been returned to Harris Company. 
The verification phase of the project will 
now begin. A representative of Harris 
Publishing Company will telephone you 
to verify the directory information. Please 
give the representative who calls you a 
few moments of your time. 

To place a reservation for a copy of the 
EMS Alumni Directory, please advise the 
Harris representative during the conver­
sation, since this is the only opportunity 
to order the book. Scheduled for release 
in June/July 1991, the EMS Alumni 
Directory will be the reference to more 
than 12,000 graduates of the College. We 
hope you find it useful. 

With deep regret we announce the 
death of Dr. Arnulf Muan, professor of 
geochemistry and materials science on 
December 17, 1990. An obituary will 
appear in the next issue of Earth and 
Mineral Sciences. 
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Mining Engineering Celebrates One Hundred Years at Penn State 

Penn State's Mining Engineering Program 
celebrated its centennial in October with a 
number of special events for faculty, 
students and alumni, and the announce­
ment of an endowed Centennial Profes­
sorship, established with funds given by 
alumni and friends. Dr. Stanley C. 
Suboleski, head of the Mining Engineer­
ing Section, was named the first Centen­
nial Professor of Mining Engineering. 

The three-day celebration was high­
lighted by a lively and informative 
seminar on The Future of Mining Engineer­
ing Education, presented by a distin­
guished panel of visitors: Dr. Thomas V. 
Falkie, president of Berwind Natural 
Resources, Inc. and former director of the 
U.S.Bureau of Mines; Dr. Howard L. 
Hartman, Drummond professor of 
mining engineering at the University of 
Alabama; E. Morgan Massey, chairman 
and CEO, AT.Massey Coal Company; 
and Ivan H. Rahn, manager of manpower 
services, Consolidation Coal Company. 
Dr. Hartman headed Mining Engineering 
from 1957 to 1963, and Dr. Falkie from 
1969 to 1974. 

Alumni, faculty and students also 
attended the Penn State filming of a 
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national TV debate on Coal: the Challenge 
of Abundance, sponsored by the Jefferson 
Energy Foundation. Speakers included 
Ambassador Richard Tallboys of the 
World Coal Institute, the Hon.Michael R. 
Deland, White House Council on Envi­
ronmental Quality, and columnist Warren 
T. Brooks. The program was moderated 
by Hodding Carter. It will be seen 
nafionwide on PBS-TV in the coming 
year. 

Ambassador Tallboys was also the 
keynote guest at an alumni luncheon at 
Nittany Lion Inn, where he spoke of the 
image of coal mining and the worldwide 
importance of coal in the production of 
electricity. 

Highlights of the Centennial Dinner, 
held at the Atherton Hilton Hotel, 
included remarks by Jesse Core, '37, 
Distinguished Alumnus and former Vice 
President of US.Steel Corporation, who 
spoke about his memories of the College 
in the Depression years, and an entertain­
ing address by Dr. Charles L. Hosler, 
former EMS dean and currently acting 
provost of the University. 

The Department of Mining Engineering 
was established in 1890 by President 
Atherton in response to the urgent need 
for well-trained mining engineers in 
Pennsylvania's rapidly expanding 
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Panel speakers on "The Future of Mining 
Education": left to right, Dr. Howard L. 
Hartman , Dr. Thomas Falkie , Mr. Ivan H. 
Rahn , and Mr. E. Morgan Massey. 

bituminous and anthracite coal mine 
industry. Dr. Magnus Ihlseng was 
appointed as first department head in 
1893. Three years later, he was named as 
the first Dean when the fledgling depart­
ment was named a School of Mines-the 
forerunner of the College of Earth and 
Mineral Sciences. 

In one hundred years, Penn State has 
granted 1,446 B.S. degrees in mining 
engineering, 168 M.S. and 11 M.Eng .. 
degrees, and 54 doctorates. 
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