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Welcome to the new digital AWIS Magazine! We are so excited to be able to have our AWIS Magazine online.  With this interactive 
edition, you can share/print articles, go directly to the article you want, access live links, and more.  In an effort to help you navigate 
through the magazine, we’ve created this reference page.  We hope you find it helpful.  Happy reading!!  

Questions? Email us at awis@awis.org or call 703.894.4490.  We are here to help.

mailto:awis@awis.org
http://www.awis.org
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diving for  research
feature

Patricia A. Beddows, PhD 

Diving into the Underground
for Research

�

iving ingg

Cave diving for geological samples is done in a buddy team, with a minimum of two tanks 
each.  Before hammering begins, detailed site descriptions are completed using an 
underwater note book. Navigation into the cave, and out again, is done using thin white 
guidelines which can be seen passing in front of the divers. 
(Photo credit to Andreas W. Matthes) 
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SCUBA diving in water-filled caves might sound crazy. 
The risks are numerous in this technical and equipment-

heavy activity using SCUBA to survive underwater, while 
venturing into distant passages underground. Unlike ocean 
diving where “up” means direct access to air, you simply 
can’t find safety by moving “up” while diving in a cave. Any 
equipment failure or loss of direction can be fatal.

The rewards are also numerous. Within minutes of plunging 
underground, I can fly weightless through fantastic, three 
dimensional landscapes, quickly reaching places on earth 
visited by fewer people than have been on the moon. As a 
cave diving Earth Scientist, my rewards include unparal-
leled access to the heart of the groundwater system I study.

My research focusses on cave systems, which are carved by 
dissolution of soluble carbonate rocks like limestone and 
dolomite. While I have a number of “dry” projects in caves 
now filled with air at various sites in North America, my 
biggest research concentration is within the flooded caves 
of the Yucatan Peninsula.  

I am attracted to this region as exceptional carbonate 
platform. The carbonate geology is laid out in textbook-like 
“layer cake” patterns, with stacks of rocks undisturbed by 
tectonics. The rock is so porous and permeable that no 
surface rivers exist. The marine water from the three coas-
tlines intrudes into the platform, but rainwater accumulates 
on top of this and drains to the coasts via the caves. These 
“underground rivers” – the most extensive in the world – 
are so efficient, that the geochemically and hydrologically 
fascinating fresh-saline contact is easily reached by SCUBA 
at only 30 ft water depth. Contrast this with Florida’s caves, 
where the fresh-saline contact is at 300+ ft, and unreach-
able by cave diving. Explorers’ maps, combined with the 
shallow depth of the fresh-saline contact, provides great 
potential for hydrogeochemical studies. 

Indeed, the Yucatan Peninsula has proven to be an excellent 
natural laboratory for my projects focused on how caves 
form, how the waters in these caves respond to changing 
sea level and climate, and how sediments accumulate in the 
caves. Sediments preserved in the caves represent rich 
archives of environmental and climatic conditions spanning 
tens of thousands of years. There is a treasure chest of 
scientific data underground and underwater. But like many 
great datasets, it takes seemingly extreme measures to reach 
these data.

Of course the equipment is central to cave diving. My diving 
equipment of choice has been a “Hogarthian backmount”. 
I carry two air tanks manifolded together with an isolation 
valve. Floatation wings are sandwiched between a metal 
backplate and a five point harness that keeps everything 
attached to my body. With greater depth or distance, a 
third tank may be clipped to the harness.  Each tank has a 
separate regulator system, one of which has a 6 ft hose to 
supply my dive buddy emergency air, if needed. Three light 
sources are the minimum, including my blinding primary 
light with a large battery in a canister.  Added to this are reels 
of string and  directional markers to trace the way through 
the cave, dive computers and gages, an underwater writing 
book/tablet, a knife and more… This is all before research 
equipment is added.

My typical dives are done with a buddy, and can be 2+ hours 
long. With science tasks mixed into the dive, I like to keep 
the actual dive plans simple, with limited navigation, short 
distance, and limited time at depth. We can spend almost 2 
hours doing detailed work in a single chamber after only a 
ten-minute swim into the cave. That much time underwater, 
particularly without swimming, can make you very cold. 
During one 5 month field season I lost 25 pounds despite 
eating voraciously. 
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Adding science to cave exploration requires additional gear 
and innovative techniques. In one research project I dive with 
my PhD student Emiliano Monroy-Rios who is collecting 
rock samples for geochemical analysis. We have a choreo-
graphed sampling routine: Emiliano selects and documents 
the location using his waterproof notebook, then hammers 
and chisels to dislodge a sample. The situation can get 
comical, since hammering pushes Emiliano away from the 

wall and I end up catching the sample. The visibility can be 
greatly reduced by the rock and sediment particles suspen-
ded while sampling, and we must not lose contact with the 
guideline that leads us out of the cave.

There are few scientific methods and instruments suited for 
use in flooded caves. Over the years, I have developed many 
of my own methods and instruments. I have found a way to 
manually extract soft sediment cores up to 6 m long from 
flooded sinkholes and caves. I have deployed bulky flow 
and conductivity-temperature-depth (CTD) sensors using 
chains as anchors to establish a regional network. I have 
innovated tracing techniques by releasing fluorescent dye 
within the cave and sampling the dye along the flow paths 
in both the fresh and saline water. 

I have realized that my approach to undertaking flooded 
cave research has paralleled the evolution of space 

Cave diving science in the Mexican jungle on a joint 
project with the National Autonomous University of 

Mexico (UNAM), with Dr. Fernando Alvarez (black t-shirt) 
and his team. Patricia Beddows and PhD Student 

Emiliano Monroy Rios returning with geological samples 
from a long dive in the Ox Bel Ha cave system, 

the longest underground river with over 
250 km of surveyed flooded passages.  

(Photo credit to Edward K. Mallon)

through passages rarely seen by man
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exploration by NASA. I started my MSc field research relying 
on highly capable “pilots”, such as cave explorer Mike Madden 
who did many dives for me. I would give mission briefings 
to Mike, but then lose all communication once he went 
underwater. Our conversations afterwards only generated 
more questions, leading to incremental and frustrating 
advancement at great cost, and always leaving me wondering 
what was being missed. NASA evolved to placing scientists 
on the leading edge. I too realized that I must be the terra-
naut. I convinced myself that being a cave diver should be 
easy compared to the technical ice diving I had already 
done. For starters, I would not need the chain saw to cut 
through the ice. Two years later at the beginning of my 
PhD, I became a fully certified cave diver so that I could 
venture beyond sunlight, and in real time undertake my 
own observations, measurements, and sampling in these 
gorgeous underground rivers. 

Hundreds of cave dives later, I am happy to report that I 
have beaten the exaggerated odds of death. The reality is 
more nuanced, with many avoidable tragedies being inex-
perienced divers venturing into caves often encouraged by 
the adrenalin hyped messages in documentaries. As scientists, 
many of us acknowledge and manage risks. Whether handling 
hydrofluoric acid or pathogens in the lab, or even driving 
long distances, we all need to manage our risks to safely 
achieve our goals. As a cave diver, I am trained to plan my 
dives, dive my plan, and keep my skills fresh. Even after cave 
diving for a decade, I happily undertook a complete retraining 
5 years ago. I am now looking forward to retraining again 
soon.

My experiences as a cave diving scientist have been profes-
sionally and personally rewarding. I find my time cave diving 
to be serene, in contrast to the adrenalin laden missions 
portrayed by Hollywood. It is a privilege to float weightlessly 
through passages rarely seen by man. For those considering 
cave diving research, the most valuable preparation is to 
build your skills progressively with dry caving. The SCUBA 
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Patricia Beddows is the Assistant Chair, and Assistant 
Professor of Instruction in the Department of Earth and 
Planetary Sciences, Northwestern University.  She holds dual 
Full Cave certification with the National Speleological Society 
Cave Diving Section, and the National Association of Cave 
Diving (NACD) since 2000. 

diving is actually the easy part to learn, while having great 
navigation skills in a cave is mandatory for survival. Never 
have excessive confidence in your abilities, since one day it 
will be unjustified. With progressive building of skills, quality 
training, and ample experience, you might then consider 
taking on the additional challenges of cave diving research. 
If you are adventurous, careful, and creative, you can tackle 
science that is accessible to very few people and see some 
amazing things along the way. 
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