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» Introduction 0900 PDT: Louise Hose
» Stop 1 — Cueva de Villa Luz 0910 PDT

» Stop 2 — Frasassi Caves 0935 PDT

» Stop 3 — Carlsbad Cavern 1000 PDT

» Stop 4 — Lechuguilla Cave 1020 PDT

» Stop 5 — Sacramento Pass 1045 PDT

» Break/Intermission 1105 PDT
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INTRODUCTION

* Mid-1980s: Discovery of Lechuguilla Cave, NM (paleo-sulfidic cave)
e Spectacular and abundant gypsum deposits
* Elemental sulfur deposits
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INTRODUCTION

* Field trip is organized in two &
parts
e Part | — Established, well-
studied, hypogenic, sulfidic
caves
* Cueva de Villa Luz,
Mexico (active)
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INTRODUCTION

* Field trip is organized in two &
parts '

e Part | — Established, well-
studied, hypogenic, sulfidic
caves

* Frasassi caves, ltaly
(active & paleo)
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INTRODUCTION

* Field trip is organized in two &
parts '

e Part | — Established, well-
studied, hypogenic, sulfidic
caves

e Carlsbad Cavern &
Lechuguilla Cave, NM "l
(paleo) ET SR e
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> Introduction 0900 PDT
» Stop 1 — Cueva de Villa Luz 0910 PDT
Louise Hose

» Stop 2 — Frasassi Caves 0935 PDT
» Stop 3 — Carlsbad Cavern 1000 PDT
» Stop 4 — Lechuguilla Cave 1020 PDT
» Stop 5 — Sacramento Pass 1045 PDT

» Break/Intermission 1105 PDT
» Stop 6 — Lehman Caves 1110 PDT
» Break/Intermission 1250 PDT
» Stop 7 — Burial Cave 1255 PDT
» Stop 8 — Crystal Ball Cave 1305 PDT
» Stop 9 - Pescio Cave 1315 PDT

» Stop 10 — Discovery Cave 1325 PDT
» Stop 11 — Old Mans Cave 1335 PDT
» Summary and questions 1345 PDT
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Living fence along the road
from Villahermosa to Tapijulapa

. - \
Cone karst near the foothills
of the Sierra de Chiapas
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Through pastureland
(Rancho Villa Luz), up
the stairs, and into
Parque Villa Luz.
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Sulfur- and gypsum-rich streams along
the trail come out of Cueva de Villa Luz
and sulfide-rich, surface springs.
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Stop 1.1

While we appreciate the geologic, hydrologic,
and biological importance of the cave, the
indigenous people have viewed the cave as a
special, spiritual place. The tradition is honored
every Palm Sunday with hundreds of
participants.

Nl =y

o T S
Sardinas dre 3 - o

“ta Pescadelas ress re




Stop 1.1 CUEVA DE VILLA LUZ
Tabasco, Mexico

CONMASSE and TARE SUIVEY By
HMm Pugrowez, Lowse Hose, Kelly Malka. Abty Wises Noel Dsrvels,
Chviz Lomg, Dave Leatar, Chuck Forter, 8c0 Adds, Fred Loszer,
Ada Dal o, Mie fapdor, Casl AVen, Nicki Shelon, Alsn Crozsier,
Sleve Alverez, Ocog Soroks, Lyan Nena and 8ob Michssds
SUNVEYED DATES Jsruary 1297 Jarusry 4 Aged 1998 Jensary & Auguat 2000
CANTOOQMASHY BY  Sod Achady and Lonse Hoss

CAVELENGTH. 1,987 mmiars
CAVEDEFTH 23 metan
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Stop 1.1

* H.S at well-
ventilated entrance is
typically less than 10
ppm.
* Further in the cave,
levels can peak >210 AR . O
ppm. o - A Portable
* Occasionally, CO> can = £ _ momto;s___dt 1
exceed 3%, O:2 has ; . ’ ‘
dropped to below 16%, . ¢ . |
and outgassing of CO.
The opaque water
and sharp rocks easily

cut shins. .S " " Kneeand

i ve
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Pool near Main
Entrance (Stop 1.3)
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Crawlway in Main P
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Main passage forms along a minor fault.

The cave has a couple of dozen
skylights.
Helps keep the H2S and
other toxic gases low
 Complicates the complex
ecosystem
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Stop 1.2 CUEVA DE VILLA LUZ
Tabasco, Mexico

CONMES and TAFE SUIVEY By

Am Pugrowez, Lowse Hose, Nelly Malva. Abty Wews Noel Osrvals,
Chriz Lax Dave Lesfar, Chock Forter, 8ot Adds, Fred Lorer,

Ada Dal o, Mae fgdor, Cast AVen, Nicki Shelkon, Alsn Crozsier,
n e a rge Sleve Alversz, Doog Soroks, Lyan Kena and 8ob Michssds

SUNVEYED DATES  Jsruary 1297 Jarusey 4 Aged 1998 Jsnsary & Auguat 2000

CANTOQRMASY BY Soo Mchady awd Loose Hoss

Sala Grande, | oo soe
the lack of
skylights and
abundance of
subterranean
springs
increases the
risk of toxic air
and the
concentration
of bizarre
lifeforms.

M ard profie ves 8 progected 40 degress from e norh

ey

-~ I Ogen Ranoe Dese

-~ de Nnd amw Ont - e P

4V Enlgeae wd e & e
© e S 2 I v

- e ol

Rl L e

Lo ia A = SR

W v - .

3 ssesuig




Red and
white stream
in Snot
Heaven

4
» ‘)‘a,

.,:: .—gl':.f‘.:i,‘_t \‘ ¥ *"‘ ' ' = ; ‘ A
Snot Heaven * L oo eliee g Sulfur Spring _&" .

S A0 P PR TW NN

pogenic Caves of the Great Basin: Cueva de Villa Luz



- N Snottite K
'

"t‘* ‘ \:‘\ : ',l..‘ .’ . ..

-~

* Snottites produce and drip sulfuric acid (pH 0-3).
 They are rooted on gypsum to insulate the limestone
bedrock.
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Snottites are colonies of

sulfur-oxidizing and other
_ bacteria as well as
| { invertebrates that presumably
graze on the snottites.
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plus calcite form gypsum.
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Stop 1.2

Ceiling acombination
of gypsum paste,
selenite, &snottites

Ceiling a combination
Gypsum of gypsum paste,
paste selenite, & snottites
sloughing
off

Sala
Grande

/
ﬁ ﬁ 1} Stream with muck floor

Pl
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Sulfur folia are microbe-
rich deposits of
elemental sulfur.

E: NN s
*ﬁ_\ ':.Liy‘* SRS

: /into O‘"ther,\Buzz,ing Passage

Hypogenic Caves of the Great Basin: Cueva de Villa Luz



e Lake of the Yellow
Roses room has the most
hazardous atmosphere.

* These folia are clearly .
) ] 0 Selenite-coated
deposited sub-aerially on wall
. Selenite-coated
selenite. wall
{ ntrance to Yellow
Roses from spring side
bk : AL Co' ol : Sulfurfolia
4 £ Sulfurfoll.a N overselenite
overselenite

‘ Cretaceous limestone ‘

Sulfidic, anoxic,
thermal water
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CUEVA DE VILLA LUZ
Tabasco, Mexico

CONMASE and TAFE SUIVEY By
Hm Pugrowez, Lowse Hose, Kelly Malhva, Abty Wews Npoel Osrvals,
Chviz Lomg, Dave Leatar, Chock Forter, 8c0 Adds, Fred Leszer,
Ada Dal to, Mae fgpdor, Cast AVen, Nicki Shelon, Alsn Crozsier,
Sleve Alverez, Doog Soroks, Lynan Klena and 8ob Nichasds
SUNVEYED DATES  Jsruary 1997, Jarusry & Aged 1998 Jensary & Auguat 2000
CANTOQMASTY BY Sob Mchady and Lonss Hose

CAVELENGTH 1,987 mmiars
CAVEDEFTH 23 meters

Mlan and profie vees (3 progected 40 degress rom e sorth
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Stop 1.3

Biovermiculations

:,7 ;-?I{ ’
ey '// =

Hypogenic Caves of the Great Basin: Cueva de Villa Luz




Biovermiculations are colonies of bacteria
and fungi with captured detritus that grow
on bare limestone.

* They grow in the lower sulfidic areas.

* They have a variety of colors.

* In CVL, they seem to act as “pioneer
organisms.”
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Stop 1.3

A classic acid
pool

e

Gypsum paste |-

Overhang

Rills |

S e NS e
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Stop 1.3

Selenite &
Snottites

Biovermiculations

Rillen
under

| gypsum
paste?

Gypsum
paste
sloughing
off

fll

Pseudoscallops? Snottite
drips

Selenite-coated
wall

Sulfur folia
over selenite

Selenite-coated
wall

Sulfurfolia
overselenite

Cretaceous limestone

Sulfidic, anoxic, ﬂ
thermal water

Current high-water level

Base-level
water mark

Stream
water

Muck

Note the bare

rock shelves with
a hotch above the
pool/stream. We’'ll

return to this
morphology.
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Remember
this model as
it appears in

ancient,
hypogenic,
sulfidic caves
later in the
field trip.

Note the bare
rock shelves with
a notch above the

pool/stream.

We'll return to

this morphology.

./'r 'r

A m Photo by James Pisarowicz
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Biovermiculations

Pseudoscallops?

Base-level -
water mark Stream

Selenite &
Snottites

Rillen
under

| gypsum
paste?

Gypsum
paste
sloughing
off

Gypsum
paste

Snottite

\ﬂ"? /

Current high-water level

water

Muck

QUESTIONS?
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Frasassi Caves, Italy

» Stop 2 — Frasassi Caves 0930 PDT
Dan Jones

» Stop 3 — Carlsbad Cavern 0955 PDT
» Stop 4 — Lechuguilla Cave 1015 PDT
» Stop 5 — Sacramento Pass 1035 PDT
» Break/Intermission 1055

PDT
» Stop 6 — Lehman Caves 1105 PDT
» Break/Intermission 1245

PDT
> Stop 7 — Burial Cave 1255

PDT .
» Stop 8 — Crystal Ball Cave 1305 PDT Da n Iel S Jones
> ISDBO'IP 9 - Pescio Cave 1315 New Mexi(.:o Tech .

Dept. of Earth and Environmental Science

» Stop 10 — Discovery Cave 1325 PDT
Y 1335 DT Natl. Cave and Karst Research Inst. (NCKRI)
> Summary and questions 1345 PDT daniel.s.jones@nmt.edu, @geomicrobe

Most photos used for this fieldtrip were taken
by Daniel Jones and Jennifer Macalady
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The Frasassi Caves
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Montanari et al. (2019)



Grotta Grande

del Vento ‘
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The caves are formed in the nearly pure limestones of the Calcare Massicc

Period | Formation Litology
e
s Scaglia C
2 caglia Cinerea mar
H and Variegata
®
o
Scaglia Rossa chertly
and Scaglia Bianca limestone
"
3
8 | Marne a Fucoidi marl
o
8
2
o
Miaolica chertly
limestone
extended and chetly  [F=e===------
condensed limestone
pelagic sequence and marl
2
a
g Calcare Massiccio pure
5 limestone
3
1000
Calcari organic ——rrrrrrrrrrrr———r
a Raethavicula limestone
MWV V VIV IV VVVVVV
SOOJVVV\/VVV\/VV
L]
7 7 7
L] Burano anhydrite L L L
= | Formation and MV VWYYV
dolostone 1"II /’ t'.
MV OV VIV VIV IV VIV VY
oo / / [
Omp/ WV VvV V V V WV V V VvV VvV

Galdenzi and Maruoka (2003)




Grotta Grande

del Vento ‘
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Cristalli (PC) and Ramo
Sulfureo (RS)

- 2.6: GM-GF
—— Sentino River
300
500 ‘
__s—— 2:2:Pozzo
dei Cristalli
J/2-4 2.3: Ramo
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Grotta Grande
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Sulfidic streams are filled with white microbial mats created by sulfide-oxidizing bacteria

H,S + 20, > H,S0, !
2HyS + 0, > S(0) + H,O_

(Site GS)



Sulfidic streams are filled with white microbial mats created by sulfide-oxidizing bacteria

HS+202—>HSO4
2H28+02—>S(O)+H O |

(Site GS)



Sulfidic streams are filled with white microbial mats created by sulfide-oxidizing bacteria

| HZS ¥ 202 H 504

2H,S + 0, — S(0) + H,0
IR TR TS AR T SR ff"!\‘

(Site GS)



Microbial biomass in the streams supports animal life

10 mm



Including symbiotic associations among sulfur oxidizing bacteria and invertebrates

Pleiopods
R (swimming legs)

* Spine on
N. ictus leg

and grooming)

: ' Figure 2 Confocal epifluorescence micrograph showing
100 Thiothrix filaments Thiothrix filaments bound to the NSB1185 probe (red) on a

2 N. ictus leg spine (green and red autofluorescence).
AT P =

.-"_
s\ >

X,

- r X »

L%

75 Elemental sulfur
inclusions

. 4 A
10

Dattagupta et al. (2009)









Extremely acidic biofilms and mineral deposits develop above the water table

Rem%ﬁulfurg‘q~ Frasa Si) av S

H,S0, + CaCO, + H,0 —> CaS0,¢2H,0 + CO,

,_/ Limestone
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subaq ueous f—/

biofilms H
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H_S-rich groundwater

H,S + 20, — 2H* + SO,



Extremely acidic biofilms and mineral deposits develop above the water table

N

H,S0, + CaCO, + H,0 —> CaS0,¢2H,0 + CO,

Limestone
—
W
BoRenal —
Hs@ [N
H.5(9) H
r \
. y
H 7
subaqueous f—/
biofilms H
—

H_S-rich groundwater

H,S + 20, — 2H* + SO,



Acidic gypsum and
elemental S deposits

4 T S AT
J 5 TP s
2 s g X

Sulfide oxidation

H,S + 20, —» H,S0O,
2H,S + O, > S(0) + H,O

Gypsum formation

H,SO, + CaCO, + H,0 —> CaS0O,*2H,0 + CO, /’
r




Snottites
(pHO-1)

H,S-rich groundwater



o
¥

Relict sum crust
9yp Biovermiculations

(pH 5-7)
Snottites
(pHO-1)

Biovermiculations Hlsig}

H,5(o)

H,S-rich groundwater



Biovermiculations cover
exposed limestone
surfaces farther from the
H,S degassing source
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gical evidence for abandoned sulfidic stream channels several meters ak
t water table
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ok very different in the older cave levels

?????
V9. N

Frasassi
\ Gorge

A

\‘ |
SOFA GDB 4aw

COC -l /
151205 m A SO

T

water table




ok very different in the older cave levels




are still remnants of the cave’s sulfidic past
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Evolution of the Frasassi Caves

v

1
—
H ‘\ Snotztes Glals
— L (pH0-1)
—
—

H,S(g) H,S(g)
A A
. NHyg) :

A

H%HH
— H
HH\\H Ty

H,S-rich groundwater ™}

Limestone
Time 1
3 S
H remnant wall crusts
—
—
—
H gypsum floor deposits
- _.........-:—
/-
—

Time 3: 1,000s to 100,000s yrs from time 1

HT“‘T I
—

Peeling/falling

gypsum
H,5(g) H,5(g)
A L
. NH,(g) f

A

Hv i
=
N NG e

H,S-rich groundwater —
Time 2: 10s to 1000s of yrs from time 1

Accumulated gypsum
floor deposit

IIII

—

overprinting by epigenetic
karst processes

recrystallized floor deposits
(gypsum glaciers)

Time 4: 100,000s to millions yrs from time 1



Grotta Grande

del Vento ‘

[2.6:GM-GF

S 21 sTgs

Sentino River

dn%\z 2: Pozzo

del Crlstalll

2.3: Ramo
Sulfureo













Grotta Grande

del Vento ‘

[2.6:GM-GF

S 21 sTgs

Sentino River

dn%\z 2: Pozzo

del Crlstalll

2.3: Ramo
Sulfureo













CARLSBAD CAVERN, NEW MEXICO USA

» Stop 3 — Carlsbad Cavern 0955 PDT
Harvey Duchene

» Stop 4 — Lechuguilla Cave 1015 PDT

» Stop 5 — Sacramento Pass 1035 PDT

> Break/Intermission 1055
PDT

» Stop 6 — Lehman Caves 1105 PDT

> Break/Intermission 1245
PDT

» Stop 7 — Burial Cave 1255
PDT

» Stop 8 — Crystal Ball Cave 1305 PDT

» Stop 9 - Pescio Cave 1315
PDT

» Stop 10 — Discovery Cave 1325 PDT

» Stop 11 - Old Mans Cave 1335 PDT

» Summary and questions 1345 PDT

NATIONAL

CAVE & KARST

RESEARCH INSTITUTE KARST WATERS

INSTITUTE

University of Nevada, Reno
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@ Santa Fe
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Hypogenic Caves of the Great Basin: Chapter 3, Carlsbad Cavern
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Location of the Capitan reef and Delaware Basin, with Rio Grande Rift to the west (modified from

Harris et al. 1997). Backreef strata: G Grayburg, Q Queen, S Seven Rivers, Y Yates, T Tansill. Digital
elevation map by Paul Burger. Cross section from Palmer and Palmer (2012). The photograph
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Stop 1. Entrance to Carlsbad Cavern
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Entrance during bat flight.
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Switchbacks

Views of the tourist trail
from the entrance to the
Big Room.

Trail below entrance V. % e
Photos by Peter Jones Iceberg Rock
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Coral-encrusted drip tube. Photo by
David Harris, Harris Photographic.
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Photo by Dan Pawlak

Stop 3: Coral-encrusted drip tubes,
Fairyland, along the trail through the
Big Room of Carlsbad Cavern
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Dr|p tubes in
massive gypsum

Phﬂto by Dan- Pawlak

Stop 4. Drip holes through gypsum mass near the Jumping Off
Place, viewed from the bottom looking up.
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Diagram of a drip tube and associated
features in a massive gypsum deposit.
Tubes are commonly lined with common-
ion effect calcite. Where tubes are
coupled to the substrate, they may be
preserved and develop into hollow
corralloid-encrusted formations. Where
the tubes are not coupled to the floor,
they are destroyed when the gypsum
mass dissolves.

Gypsum remnant with remains of a
calcite drip tube. Photo by David Harris,
Harris Photographic.
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Photo by Dan Pawlak

Pseudoscallops

Gypsum mass o :
2m thlck |
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Stop 5. Masswe precipitated gypsum near error Lake Blg Room
Carlsbad Cavern. Mass is approximately 2 m thick.
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Stop 6. Solution rills near Left
Hand Tunnel, Carlsbad Cavern.
Photo by Art Palmer

Smooth caps above rills
were probably covered
with gypsum paste at
time rills were forming.

Rills were dissolved
when acid seeped from
gypsum cap and flowed
downward by gravity.
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Stop 7. Tyuyamunite or metatyuyamunite, Chocolate High,
Carlsbad Cavern. The chemical composition of tyuyamunite is
Ca(U0,),(VO,), - 5-8H,0. Metatyuyamunite is the dehydrated
variant composed of Ca(U0O,),(VO,), - 3H,0. Metatyuyamunite is
more likely to be found in Guadalupe caves. Photo slightly out of
focus.
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Photo by Kathryn Sisson DuChene

Everything needed for an

1 underground camping

1 expedition must be carried
Into and out of the cave in 45
to 70 Ib backpacks



Entrance to Lechuguilla Cave

Hypogenic Caves of the Great Basin: Chapter 4, Lechuguilla Cave
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‘L"' RO ¢\. : e Y Photo by Art,Palmer

| was once asked “How far can you go in Lechuguula before you need
rope?” Well, the first step is 30 meters.

Hypogenic Caves of the Great Basin: Chapter 4, Lechuguilla Cave



Photo by David Jagnow

On rappel at Boulder
Falls, a 45 m pit.

| People
4 for scale

First
remnant
gypsum
blocks
seen in
the cave
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Stop 2. Glacier Bay

Gypsum mass
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Traversing a narrow ledge above a
50 m drop in The Overpass part of
The Rift on the way to EF Junction
where routes to all known parts of
the cave converge.
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Negotiating a 24 cm high constriction in the S&M Crawl on the way
to Ghost Town
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Massive sulfur and gypsum, GDVB Passage, Ghost Town, Lechuguilla Cave.
Ceiling bedrock is a siltstone bed.
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Sulfur in gypsum.
Barite Boulevard near Blanca
Navidad Hall
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Sulfur

David Harris, Harris Photographic

Unconsolidated silt, The Void
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Rappelling in “Apricot Pit” on one
of one of six fixed ropes in this
low, steeply-inclined, difficult 140
m pit complex that is the main
route to the eastern part of
Lechuguilla Cave.

Hypogenic Caves of the Great Basin: Chapter 4, Lechuguilla Cave



Water line for

Limestone pendants - - acid pool basin
formed by sulfuric '
acid corrosion

a0

Condensation-corrosion pendants, acid pool basin water line and
breakdown (talus) floor, Emperor’s Throne room, Near East, Lechuguilla
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Sharp water line with speleogenetic gypsum above
and none below.
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Rills

Small
pseudoscallops

Water

i Feeder vent (?)
ine

(fissure)

Acid Pool Basin — Far East,
Lechuguilla
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Exceptional display of corroded bedrock, Bryce Canyon, Far East, Lechuguilla Cave
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Gypsum chandeliers, Chandelier Ballroom.
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Photo by David Harris,
Harris Photographic

West end of the Prickly Ice
Cube Room, a huge chamber
beyond the Chandelier
Ballroom. The large blocks
on the floor are gypsum.
Note cavers at bottom center

and in upper center of photo
for scale.
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Coralloid-encrusted Gypsum with
drip tubes drip tubes

Photo by David Harris,
Harris PhotOgraphic.
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Photos by David Harris,
Harris Photographic.
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Coralloid-encrusted drip holes. | - Remnant block of gypsum with
drip holes

Note the drip tube morphology similarity between left and right.
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i Photo by David Harris,
Harris Photographic.

Crusts:

They can be composed of calcite,
hydrocalcite, hydromagnesite,
gypsum, and rarely quartz.

They can also contain rarer cave
minerals, including fluorite,
celestine, tyuyamunite and
metatyuyamunite.
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Photo by Harvey DuChene

Tyuyamunite (yellow) on
fluorite (dark purple) and

Photo by David Harris .
Harris Photographic quartz. Yellow mass is ¥~ 1Imm

Tyuyamunite (yellow) on ahelebi

qguartz in a wall crust.
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Coralloid
“stalagmites”

Trays and corraloid “stalagmites”, Deep Seas area, Western
Borehole

Hypogenic Caves of the Great Basin: Chapter 4, Lechuguilla Cave



Photos by Art Fortini

Is there a relationship between the flat bottoms of trays and underlying gypsum masses?

Hypogenic Caves of the Great Basin: Chapter 4, Lechuguilla Cave
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