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Giant Holocene
Freshwater Microbialites )
Bacalar, Quintana Roo, MexY :

(Holoceno gigante De agua dulce
"es‘rromatohtos")



Laguna Bacalar home to

rareimpressive :
freshwater microbiolite Ta ke- ho me PO | n‘l's
structures (one of largest
in world)

Great geologic value as
paleoenvironmental
indicators - need study
Archives of environmental
change - useful!
Intimately tied to water
chemistry geology of area
Great potential in
ecotourism (educational
topic unique)

Bacalar microbialites are
already in danger from
development of area e

Still much to do to fully Remember Bob Ginsburg's Points!
understand them
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Microbialites & Stromatolites

Microbialites - laminated organo-sedimentary structures formed
by matting behavior of bacteria & algae
Oncoids - "algal biscuits”
Thrombolites - microbialites w/clotted internal structure
Stromatolites - domal to reef-like microbialite organo-
sedimentary structures formed by accretion

»  Usually calcareous in composition when living
*  Most Pre-Phanerozoic stromatolites silicified

active
microbial mE_L_f

laminated crenulated wndulated cumulate /domal

columnar, =
‘ branching



10 km stretch of microbialites
between Bacalar & Xul-Ha

One of longest freshwater
occurrences globally

Appear to be associated with
cenotes (steep-walled karst
cave) in Neogene limestones

Fault control?

10 km de microbialites
entre Bacalar y Xul-Ha

Chetumal
Bay

Uno de los sucesos a nivel
/ X sromaitelccar mundial de agua dulce mds largo
) caeras D flat land, mostly wooded
S / [ ] asoon. by Parecen estar asociados
‘/ [ ] imermitenty fooded area con cenotes (escarpadas
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Bacalar lagoon, view to NE
- max. lagoon depth 15 m

- stromatolites in shallow areas
- depths cenotes ca. 90 m

Location 2 (Coccolitos) : ﬁ
7

2 es’rroma’rolu’ros en i*'eas* i y “{, :
- profundldades cenotes ¢a. 90 m "




Map of Location 2 (Cocolitos)
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w Underwater
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Invasive (?) Dre|§g|m 'hjr:-
My tilopsis saller

(Envasoras (?) Incrustaciones de Mejillones
t " My tilopsis saller)




Map of Location 2 (Coccolitos)
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Oncoids - algal “biscuits”
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Oncoid grown on a gastropod (Pomacea sp.)
(Oncoid crecido en un gastropodo - Pomacea sp.)




Cenotes

crucial influence
on current regime

(influencia crucial
el régimen actual)

lagoon
intermittently flooded,
largely mangrove

land, largely wooded

“ sample station
- cenote
(water-filled

karst cave)

Sampling:

- sediment
- microbial mats
- surface water

(Toma de muestras:

- Sedimentos
- Tapetes microbianos
- Las aguas superficiales)



core locations




"Push Coring" - So much effort...
("Push Coring" - Por lo tanto, mucho esfuerzo ...)

F




- ..so little returnt

: ‘.4'.}?

@ (... Tan poco rendlmuen’rol)




Cores1& 6

.

/Microbialite




meters

lagoon shore

2

9,190 (+/- ‘115 yrs)

( & water level

(+/- 145 yrs)

lagoon floor

9,135
(+/- 190 yrs)

B s (suelo)
[ ] peat (Tur'ba)

4
9,095 (+/- 130 YI"S) L Holocene

26,190 (+/- 260 yrs) —

Pleistocene

|:| carbonate sediment

shells (depésitos)
stromatolite
[= ] rock fragment

Fragmentos
de roca




Assoclated fauna:
(La fauna asociada)
Pomacea sp. (apple snail)

Mytilipsis sallei (BlackBanded
Zebra Mussel)

14C-ages of modern shells range
from 7-8 kyrs BP

14C ages of core samples range
from 9-7 kyrs BP

---> strong hard water effect!

(El fuerte efecto de agua dura!)



Stromatolite bisqueda de nuevos sitios en los alrededores de Bacalar y
lagunas (patrones espaciales?)

Other sites???

Search for additional stromatolite sites indBaca
nearby lagoons (spatial patterns?)
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Followed Western Lagoon South’ %
(Seguudo Occidental Laguna Sur)
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2006 - checked other areas!

(Siguiente comprobado otros
ambitos!)

Observations:
1. Geographic extent:
- >10 linear km of
stromatolites
- Eliminated 3 areas
2. Obtain additional cores:
22 new sites
- 8 new cores
- 3 hew cenotes
- 22 water samples

Observaciones:
1. Extension geografica:
> 10 km lineales de stromatolitos
« Eliminado 3 dreas
2. Obtener nicleos:
e 22 nuevos sitios
« 8 nuevos ntcleos
* 3 nuevos cenotes
2 muestras de agua
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‘ VNN 3. Define variation in
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7 o '_/,..\ +  Zonation evident
AN 4. Determine origin
\ R + Possibly related to
(G largest cenote &
7N o f paleodrainage

3. Definir la variacion en la
morfologia
e 2 nhuevos variaciones

Zonacion evidente

4. Determinar el origen
Posiblemente
relacionadas con el
cenote mds grande y
paleodrainage
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e Belize/Mexico) {

Consejo




HukHa

Rio Hondo
(border between
Balize/Maxico)

/ | Chetumal
/) Bay

+  stromatolite location

| atiang, mostly wooded

I:[ lagoon, bay

—
F | intermitiently flooded area

10 km




- %

Ir'r'eguiar' Channel Shapé Defined by Stromatolite Shape & Deep Poo

.l-;-\




il

egular Channel Shape' Defined by. Stromato FJZ,.qu,)/ & sﬁ) s
ma ir egular del canal Defmlda por Stromatolite F'Bf'ma Plscmas pr'







Soil 5TGbI|IZGT|0n7 Ty

(Estabilizacién “"‘a"*?mrosm .'  -

Flat-topped Ledgeg"" =
(Plana rematada anaqueles)



Location 6: Largely unconsolidated microbialites in low energy environment

(Situacion 6: En gran parte no consolidados microbialites bajo consumo de energia
en el medio ambiente)




Rapid Growth Rate

(Tasa de crecimiento rapido)




A new form encountered...

crusts...

..but not mounds



How wide?

Well, still to be determined.
(¢Qué anchura?

Bueno, todavia por determinar.)



Living
Microbial Mats

(Vida
Tapetes microbianos)




Dark filaments & several upward
diverging, heavily calcified fans,
upper right

(oscuro y varios filamentos
divergentes al alza, muy
calcificadas ventiladores, arriba a

la derecha)
photos: S. Golubic



Orientation of filaments
changes in rhythmic mode from
vertical to horizontal,

carbonate grains correlate with
prostrate laminae.

Same pattern of lamination
produced by filament orientation
described for marine
cyanobacterium Phormidium
hendersonii (presently revised
as Leptolyngbya hendersonii)

(Orientacidn de los filamentos

cambios en el ritmo de modo vertical a la
horizontal;

correlacionan con los granos de carbonato
prosternan laminas.

Mismo patrén de laminacidn

producida por el filamento de orientacion
descrito para marinos

cianobacteria Phormidium

hendersonii (actualmente revisado

como Leptolyngbya hendersonii))

photo: S. Golubic



Rhythm established as
nocti-diurnal: upright orientation
IS phototactic during the day

g -
I

¥
o
alt

15t observation of this type of
lamination in freshwater
microbialites

(Ritmo se ha establecido como f
nocti-diurna: orientacién vertical =

es phototactic durante el dia b

- 7 -

,;:

1 de la observacién de este tipo
de laminacion de agua dulce en
microbialites)

photo: S. Golubic



SEM of living mat
(critically point dried)

(SEM estera de vida
(punto critico de secado))

Mat Surface
(estera de superficie)

Cross-section
(Seccidn transversal)



Carbonate Formation
in Living Mat

"spiked balls" of LMC on filament

(Carbonato de Formacion
Vivir en Mat
"bolas de pinchos" de la LMC en filamento)

A Nano-crystals of LMC
#9  (Nano-cristales de calcita baja Mg)




ANy \. Detritus
AR Platelets of LMC

™ * :,; Detritus
# 8N / Las plaquetas de la LMC

291105 BAC . 00004 Ry —



Core (from "The Rapids")
shows both thrombolitic &
stromatolitic texture
(sample is 15 cm wide)

Core (muestra de "Los Rdpidos")
muestra tanto trombolitica 'y
textura stromatolitic
(la muestra es de 15 cm de ancho)

4 thick calcite cement crust
(sample is 3 cm wide)

Muestra la ubicacion de 9)
calcita corteza gruesa de
cemento (la muestra es de 3 cm
de ancho)



Thin-sections:
Microbialite in core:
radial orientation of
filaments;

note weak lamination
(diameter 1 cm)

Microbialite en el nicleo: radial de
la orientacion de los filamentos;
nota débil laminaciéon (1 cm de
diametro)

Close-up of same sample:
filaments surrounded by CO;
(diameter 1 mm) s

Close-up de la misma muestra:

rodeado de filamentos CO;
(diametro de 1 mm)

r‘,’- -' ’\



Lagoon water

Significance of CO;
saturation
(higher compared to
marine realm)

Microbialites occur only
in SW part of lagoon
(near cenotes)

Laguna de agua

Importancia del
carbonato de saturacion
(mds alto en comparacion

a marino)

Microbialites ocurrir
SW sélo en parte de
laguna (cerca de cenotes)

104/310

m

intermittently flooded,

largely mangrove /

Y4
D land, largely wooded 155.#325>
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¢Como la vista Residentes
de Bacalar
estromatolitos?




Laguna Bacalar home to .

rareimpressive A9C“ n, The Take-
freshwater microbiolite .

structures (one of largest hOme PO ' nTS

in world)

Great geologic value as
paleoenvironmental
indicators - need study
Archives of environmental
change - useful!
Intimately tied to water
chemistry geology of area
Great potential in
ecotourism (educational
topic unique)

Bacalar microbialites are
already in danger from
development of area e - ’
Still much to do to fully Remember Bob Ginsburg's Points!
understand them
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Giant Holocene Freshwater Microbialites, Laguna Bacalar,

Quintana Roo, Mexico
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*Institut fiir Geowissenschaften, ].W. Goethe-Universitit, 60438 Frankfurt am Main, Germany
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Want to know more...
¢Quieres saber mas ...

microbialites gran tfrombolitica; LMC

la precipitacion de CaCO3

inducida por la retirada de CO2:

cianobacterias (y diatomeas);

también: la captura de los detritus

CO3 elevado contenido en

ambiente laguna de agua

Rubor crucial

La mayor parte de la formacion en el Holoceno tardio (<10 kyrs BP)

¢Por qué formacion 90-8o kyrs BP?

Restringido laguna / lago?

elevados de saturacién de carbonato?

exclusién de herbivoros macro?

sedimentacion evento?

abundancia de herbivoros no parecen obstaculizar la formacién de microbialit
extraccion de testigos adicionales, también en las partes mds profundas lagun
microbioldgicos de trabajo que viven en esteras
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