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Return to Stateside Shell

Battle with a Giant

The discovery of marine cementation put me at odds with the prevailing 
company view and a company giant. Our geologists were convinced that 
limestone formed only in the presence of freshwater! I would have to prove 
that this process was not peculiar to the Persian Gulf but had happened 
throughout Earth’s history. Finding ancient examples didn’t take long, but 
it remained controversial and soon we had two different camps contesting 
each other. The geologists at Royal Dutch Shell were quick to accept this 
new information. In fact, I’m not sure they had ever really converted to the 
freshwater idea that pervaded “Shell University” in the States. Who ever 
said scientists are gentle people?

Fortunately, we did eventually get over this bump, and various ways to 
distinguish the two different forms of limestone were established. Learning 
about the process and how to recognize its results led to many discoveries 
elsewhere. Major discoveries were made in coral reef settings around the 
world. Many were also made in deep cold-water settings.

The process is no longer controversial and is described in most modern 
textbooks on limestone origin. I suppose this process of rock formation 
would have eventually been discovered, but in this case it began ironically 
with the spearing of a fish for dinner. The seismic boosters also helped. So, 
did it change our thinking? Consider this.

The controversy over marine versus freshwater cementation within Shell 
became so intense that instead of sending me to the Shell Development 
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Research Laboratory in Houston, where I could begin searching for proof 
of marine cementation in the geologic record, management requested that 
I return to the Coral Gables Lab. They wanted me to work with Bob Dun-
ham. By then, Bob Ginsburg had moved to Hopkins University and the lab 
had been put under Dunham’s direction. Bob didn’t believe in submarine 
cementation of carbonates and was not interested in looking at new evi-
dence. Management hoped we could work together and iron out discrepan-
cies. That was not to be!

I was still considered a bootstrap geologist. So, I returned to the Coral 
Gables Lab. Unfortunately, working closely with Bob Dunham would not 
happen. I would have to wait a little longer to search for evidence in the 
geologic record.

There I was, back at the Coral Gables Lab, which had changed some-
what. The move was very good in some ways. I will never forget the first 
day back at the lab. The first thing paleontologist George Herman did to 
welcome me was to get down on his knees and do a mock prayer. Next we 
all went across the street to the small restaurant where I had eaten for many 
years. The waitress looked at me and said in total deadpan, “You want your 
usual?” I had been gone three years!

Perhaps best of all, I was reunited with Ron Perkins and Paul Enos. 
Dunham had managed to obtain major funding to begin a regional coring 
project. They were drilling and coring the Pleistocene limestone under 
South Florida. This was Perkins’s research project. He had developed ways 
to separate Pleistocene glacial and interglacial units based on exposure 
surfaces, basically brown caliche crusts—in essence, fossilized ancient soil 
horizons. Another significance of those caliche crusts would become ap-
parent later.

Ron had also created a new stratigraphic nomenclature. He was not us-
ing conventional stratigraphic names that change from place to place. And 
he did not use the isotopic nomenclature that had been established for 
deepwater sediments. Instead he developed a simple “Q” system. Q stood 
for Quaternary, the most recent 1.8 million years of geologic time. He coded 
the units, from oldest to youngest, Q1 through Q5, with the youngest being 
Q5. These units could be traced throughout southeast Florida.

Meanwhile, Paul Enos began an extensive study of the Florida reef tract. 
He was using a high-resolution seismic device called a “mini sparker.”1
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Sparker-generated sound pulses penetrate sediment and reflect off the 
underlying Pleistocene limestone. The reflected sound is electronically 
converted to traces on a moving paper chart. It is much like a modern 
fish finder but much more powerful. In some cases, the sound pulses even 
penetrate deeper and reveal the same Pleistocene units that Perkins was 
drilling into and mapping.

To merge their data required drilling offshore. In one instance, a drill-
ing truck was driven onto a World War II–era landing craft—similar to the 
salvage barge I had worked on years earlier—and unloaded on Little Mo-
lasses Island in the Florida Keys. (During my youth, Little Molasses Island 
supported some vegetation, but that changed when the island was swept 
away by Hurricane Donna in 1960; it is now a partially submerged pile of 
coral rubble five miles off Key Largo.) Gray Multer and Ed Hoffmeister had 
accomplished a similar feat a few years earlier but on a different reef. Drill-
ing had to be completed quickly before any high winds or tides arrived. 
With great difficulty, Perkins and Enos core-drilled down to the Q3 unit. 
To reach it they had to penetrate forty feet of loose coral rubble, the most 
difficult material to core.

Perkins and Enos had done a monumental job, and of course the infor-
mation was a company secret. They prepared company reports with the 
aim of helping geologists out in the oil patch to apply some new principles 
and better understand the stratigraphy of older subsurface rocks being ex-
plored. Eventually, some ten years later, their reports were released and 
published in 1977 as GSA Memoir 147 (Geological Society of America). 
They made many discoveries, but the reports do not reveal the exciting 
adventures that accompanied the fieldwork. Few geologists have such ex-
periences today.

What had Bob Dunham been doing? Bob had initiated an elaborate 
vadose diagenesis project.2 He wanted to verify the processes that would 
explain what he had described in his famous study of ancient limestones, 
which had greatly influenced how geologists thought about limestone for-
mation. For chemical help he had enlisted Don Runnels, a geochemist from 
Shell University. Later, Evan Street, another Shell chemist, would come to 
do the required chemistry.
 The centerpiece was a bulldozed pit in the Pleistocene limestone in South 
Miami. The hole, dug down to the permanent water table about eight feet 
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below the surface, was located on the old World War II Richmond Airfield 
blimp base. Three vertical walls of the pit were instrumented with a vari-
ety of sensors. Chemical data derived from the sensors and various water 
analyses were to be compared with processes seen in the limestone using 
a microscope. Dunham was enamored with studying processes. “Process 
studies” were and remain popular in many fields of science. Unfortunately, 
geological processes are very slow; in fact, many are much too slow to occur 
during a human lifetime.

There was another problem. The Pleistocene limestone in South Florida 
almost completely lacks the kind of cement—fringes of needle-like crys-
tals—that Dunham had so eloquently described from ancient limestone. 
The fringes of needle-like crystals are just one of the many glues that bind 
sedimentary particles together to form rock! Of course, it’s not really a glue. 
It’s just that the little needles interlock to form the bonding agent. Geolo-
gists call this process “lithification.” This kind of bonding agent resembled 
what I had found growing in the rapidly forming rocks in the Persian Gulf. 
Dunham thought strongly that such cementing agents could only form in 
freshwater!

There were other problems. Basically, the Pleistocene rocks in South 
Florida are very different from most limestone in the geologic record. In 
short, the young Persian Gulf rocks with their submarine cements were 
much more like those encountered in ancient limestone than those in 
South Florida.

The reader can see my dilemma. Here I was, working for one of the most 
famous men in sedimentary geology, a man whose limestone classification 
scheme is universal. I was thoroughly intimidated and treaded very care-
fully. In spite of these problems, Bob Dunham and I got along very well, 
especially when we were discussing “fast cars, wine, women, and song.” We 
just could not discuss the discovery I had made in the Persian Gulf, which 
seemed to undermine his most famous discoveries.

Bob was very intense. He had spent most of his professional career de-
voted to the interaction of freshwater and limestone. Along the way he 
had done some really unique experiments. One included hanging meat on 
a clothesline and examining it at regular intervals, similar to what foren-
sic scientists do to learn how long a body has been dead. A more notable 
experiment was when he filled jars with those candy balls known as jaw-
breakers. He percolated various amounts of water through the jawbreakers 
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to simulate the vadose environment. In the vadose zone, the water trick-
ling downward to the water table tends to remain at the points of contact 
between grains. Chemical reactions take place at these points of contact. 
In the jawbreaker experiment, the water at the contact points caused the 
candies to merge into each other. Similar results can be seen in natural 
limestone where the grains interpenetrate each other. It was both an in-
novative and instructive experiment. I could never find similar effects in 
submarine-cemented limestone. However, a few years later we would create 
those effects by experimentally compacting soft modern sediment.

Besides being intense about his science, Bob was also intense about 
other aspects of life. He had decided that some of mankind’s problems are 
the result of being forced to abide by solar time. He was convinced that 
our mind and bodies were more tuned by the tides or lunar time. Female 
menstrual cycles, for example, are tuned to lunar cycles. Lunar time differs 
from solar time by about an hour each day and drifts out of sync with the 
solar day. We, like our clocks, are nevertheless locked into abiding by solar 
time, that is, night and day. Bob had correctly noted that our best mental 
acuity is during the few hours after awakening—don’t we all feel like taking 
a nap in the afternoon?

For these reasons, Dunham had decided to work following lunar time. 
He would come to the office at 9 a.m., work for a few hours, go home for 
a nap, and return in the afternoon and work late into the night. The next 
morning he would start at 10 a.m. and repeat the process, with each day 
being about an hour later. Being a devoted scientist and passionate about 
this pursuit, he kept a running up-down graph of his sleep cycle on a roll of 
cash-register paper. We were all privy to what he was doing and knew the 
rules. We could cope with it, but it was a problem for management back in 
Houston. They never knew when to call and reach him in the office. This 
irregular schedule, lack of progress with the grand “process” experiment, 
and concerns about submarine cementation were probably the downfall of 
the Coral Gables office. Before the downfall, Dunham and I did collaborate 
on a field study to find submarine cementation in the Bahamas.

Three Stages of Discovery

In the early 1970s, Bill Taft at the University of South Florida had found 
rocky bottoms on the Bahama Bank that he claimed were examples of 
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submarine lithification of modern sediment. Geologists at Shell—espe-
cially Dunham—had pooh-poohed his discovery. I remembered that epi-
sode quite well and went along with it until I made my discovery in the 
Persian Gulf. That discovery changed my view forever.

I also recalled that Ken Stockman and Bob Ginsburg told me about a 
place in the Bahamas where the bottom was rock hard and there was practi-
cally no sediment. The site, called Yellow Bank, happened to be where Taft 
had made his discovery. Yellow Bank is located south of New Providence 
Island. Stockman and Ginsburg had assumed the limestone there was Pleis-
tocene, now submerged below water. It reminded me of our problem sam-
pling on the Great Pearl Bank in the Persian Gulf. With that in mind, I 
convinced Dunham that we should go together and explore the area.

We went armed with an underwater vacuum device called an “airlift,” 
picks, and hammers, and that old standby, dynamite! Digging in several 
places revealed that indeed there was rock at the surface but that a foot or 
more down the rock merged into loose carbonate sand. The old Pleistocene 
surface was a few feet farther down. What was interesting was that the large 
samples of rock that we collected looked almost exactly like the Pleistocene 
limestone on which the city of Miami is built. It was like the limestone in 
Dunham’s instrumented pit, except that it contained the needle-like cement 
absent in his pit.

Bob Dunham was alarmingly faced with a rock that looked familiar but 
could not have formed under freshwater conditions, and he saw that the 
rock looked like the rock in his pit. The difference was that this rock was 
cemented with fibrous needle-like cement and also contained geopetal 
sediments.3

Before the Yellow Bank expedition was over, Dunham admitted that the 
rock did indeed look like the Miami Limestone but then asked, “But is it 
important?” “Is there much rock like this in the ancient geologic record?” 
Later I was to learn that this is the second stage in what is called “the three 
stages of discovery.” Usually the three stages are (1) You are wrong and I 
can prove it! (2) You are right, but is it important? and finally, (3) You are 
right, but didn’t we know this all the time? In an older version dating back 
to the time of the German explorer Alexander von Humboldt, stage three 
is, “Someone else gets the credit.”

Management was becoming nervous about the Coral Gables office, and 
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expenses were rising. By now Marlan Downey and Ray Thomasson were 
managing the headquarters laboratory in Houston—they decided it was 
time for a visit. When they arrived at the Coral Gables office, Dunham and 
I were brought into the same room with our bosses. Marlan and Ray began 
asking probing questions. It was the first time Bob and I had been forced 
to confront each other over the existence and implications of submarine 
cementation. I was uncomfortable, and Bob was even more uncomfortable 
but couldn’t leave the room. In the past he would find a reason to leave the 
room, usually slamming the door as he left. In retrospect, this was the lon-
gest time during the past nine months that we had talked seriously about 
submarine cementation.

A few weeks after the visit, we were informed that the Coral Gables office 
was being shut down. We were all headed to Houston, and it became my job 
to work with the movers and pack up the entire office. All the equipment 
and the plastic-impregnated cores had to be moved. It was both painful 
and sad. Those cores were like a part of me. The only good news was that 
I would be going where I could examine ancient limestone to apply my 
findings, and I would be working with Mike Lloyd, who was doing iso-
tope geochemistry. Mike had followed the debate and made sure that the 
samples I had sent from the Persian Gulf were quickly analyzed. He was 
into the issue and would now be my new mentor. I would also be working 
with Bob Walpole. Bob spoke fluent Spanish and knew his way around the 
significant outcrops in Mexico. He would help find examples of ancient 
marine cementation in the mountains of Mexico. And there was a new hire 
named Jerry Koch. The Shell University lab was a great place for me to do 
research and learn from the masters.

I would also be working with Paul Enos. Unfortunately for Shell, Ron 
Perkins took this move as an opportunity to acquire a teaching post at 
Duke University. Enos would wait a few years before making his break to 
teach at Binghamton, New York. Some years later, Paul moved back to his 
alma mater, the University of Kansas.

Ancient Reefs and a Different View

Earlier during our Florida Keys research, coral reefs had been avoided. 
We focused mainly on mud banks and tidal flats. They could be cored by 
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pushing in a length of thin-walled tubing. It wasn’t just because our coring 
method limited us to soft sediment. Geologists thought that most of the 
world’s limestone and ancient reefs began their journey through time as 
piles of fine-grained lime mud. Ancient reefs do contain abundant lime 
mud. Ancient mollusks called rudists built enormous reefs during the 
Cretaceous—the time of the dinosaurs—that were thousands of feet thick. 
Fine-grained mud filled the spaces between the rudists and seemed to be 
analogous to the mud between the living finger corals that thrive on mod-
ern mud banks like Rodriguez Key bank. The ancient rudists and modern 
coral sticks seem to float in a matrix of lime mud when viewed in our 
plastic-impregnated cores of these banks. They did indeed resemble what 
geologists and paleontologists were describing from the ancient rocks. 
However, as serendipity would have it, reefs bashed open by ship ground-
ings—or dynamite—showed there was also abundant mud within the coral 
reef framework.

Walter Adey and Ian MacIntyre at the Smithsonian Institution would 
later develop a diver-operated rock-coring device that clearly revealed the 
abundance of mud within coral reefs. With this new technology, many new 
observations were possible. Harold Hudson and I would eventually con-
struct a similar coring device after I left Shell to join the U.S. Geological 
Survey. But there were other opportunities to observe the inside of reefs 
and see how much mud was hidden within.

It was Royal Dutch Shell policy to send people home for two months at 
company expense after two years of service in a foreign outpost. My home 
leave came while we were still living in Doha. Because my home was in 
Miami on the other side of the globe, this leave turned into an around-
the-world trip of a lifetime. During our return to Miami, I arranged a side 
trip to visit my mentor Bob Ginsburg who was teaching a geology class at 
the Bermuda Biological Station. When I arrived I learned that Bob had 
obtained some special equipment that would allow me to play my “master 
blaster” role once again. Together, we broke open a so-called boiler reef us-
ing explosives. This time the explosive was TNT provided by the U.S. Navy 
base on Bermuda. How Bob talked them out of it I will never know! No 
one else I know could have done that. I had seen him in operation on the 
spur of the moment before. Bob could talk hungry dogs off a meat truck if 
he tried!
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