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Sedimentology and chemostratigraphy of a
Valanginian carbonate succession from the
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Valanginiana de la Cuenca de la Baja Guajira, Norte de Colombia
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ABSTRACT: The Kesima Member of the Palanz Formation consti-
tutes the first record of Cretaceous marine sedimentation along the
Baja Guajira Basin, northern Colombia. Sedimentologic and petro-
graphic analyses suggest a deposition along a coral reef dominated
rimmed carbonate platform. ¥Sr/*Sr values between 0.707350 and
0.707400 suggest a Valanginian (136 — 132 Ma) depositional age
for the Kesima Member. A positive anomaly on the §*°C values of
~2.2%o suggests that this rimmed carbonate platform registered the
Valanginian Weissert oceanic anoxic event. Although the Weissert
oceanic anoxic event resulted on a major drowning of the Circum
Tethyan carbonate platforms, it seems to have not affected those from
the Circum Caribbean, where several shallow marine carbonate plat-
form successions crop out. The Kesima Member displays a change
from an organically produced carbonate factory into an inorganically
produced, ooids dominated, carbonate factory during the peak of the
Weissert event 8"°C anomaly. This change in the carbonate factory,
which may represent a major perturbation of the marine carbonate
budget along tropical settings during the Weissert event, coincides
with a major decrease in global sea level. Finally, the age of the Kesi-
ma Member is considerably older than that of other Cretaceous car-
bonate successions cropping out in other northern South America
sedimentary basins (i.e. Perija-Merida, Cesar-Rancheria). Differences
in the timing of the Cretaceous marine incursion along northern
South America, together with the differences in the Triassic-Jurassic
stratigraphy of several sedimentary basins in northern South Amer-
ica, suggest that the Baja Guajira and Maracaibo basins remained as
an isolated tectonic block separated from northern South America
after the breakup of Pangea.

KEYWORDS:PalanzFormation;lowerCretaceous; Caribbean;Sr-and
C- isotopes; Weissert event.

RESUMEN: E/ miembro Kesima de la Formacion Palanz constituye
el primer registro de sedimentacion marina Cretdcico en la Cuenca de
la Baja Guajira, norte de Colombia. Andlisis sedimentoldgicos y petro-
grdficos sugieren que el Miembro Kesima se deposité en una plataforma
carbonatada dominada principalmente por arrecifes coralinos. Valores de
& SrSr entre 0.707350 y 0.707400 sugieren una edad de deposicién Va-
langiniano (136 — 132 Ma). Una anomalia positiva de 8 C de -2.2%o
sugiere que esta plataforma carbonatada registré el evento andxico ocedni-
co Weissert. Aunque este evento andxico ocednico ocasiond una importante
demision de las plataformas carbonatadas a lo largo del Circum Tethys,
esta parece no haber afectado las plataformas carbonatadas del Circum
Caribe, donde varias sucesiones someras de carbonatos marinos afloran en
Colombia, Venezuela y México. El miembro Kesima muestra un cambio
de fiibrica de carbonato, de carbonatos producidos orgdnicamente a car-
bonatos producidos inorganicamente, dominados por oolitos. El cambio en
la fibrica de carbonatos coincide con el pico de la anomalia de 8 C del
evento Weissert. Este cambio en la fidbrica de los carbonatos representa por
tanto una importante perturbacion del sistema carbonatico marino a ni-
vel tropical durante el evento Weissert, la cual coincidio con una disminu-
cion en el nivel del mar global. Finalmente la edad del Miembro Kesima
es mucho mds vieja respecto a otras sucesiones Cretdcicas de carbonatos de
otras cuencas sedimentarias al norte de Sur América (p.e. Perija-Mérida,
Cesar-Rancheria). Las diferencias en el momento de la incursion marina
del Cretdcico a lo largo del norte de Sur América, junto con las diferencias
en la estratigrafia del Tridsico-Jurdsico de varias cuencas sedimentarias del
norte de Sur América sugieren que probablemente las cuenca de la Baja
Guajira y de Maracaibo permanecieron aislados como blogues tectonicos
separados del norte de Sur América después la ruptura de Pangea.

PALABRAS CLAVE: Formacién Palanz; Cretdcico inferior; Caribe;

Sr-y C- iséropos; evento Weissert.
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INTRODUCTION

The Cretaceous Palanz Formation constitutes the lower-
most Cretaceous sedimentary record from the Baja Guajira
Basin, Guajira Peninsula, northern South America (Renz
1960, Rollins 1965; Fig. 1). The Palanz Formation con-
sists of a series of carbonate and siliciclastic successions
(Fig. 2), which marks the first Cretaceous marine incursion
along the northernmost part of the South American conti-
nent (Rollins 1965). The marine carbonate unit from the
Palanz Formation is known as the Kesima Member (Renz
1960, Rollins 1965). Despite this unit may bear important
information for the Mesozoic paleogeographic evolution of
northern South America, the depositional age of the Kesima
Member is currently not well constrained. Biostratigraphic
studies using bivalves and foraminifera suggest ages varying
from the Berriasian to the Hauterivian (Renz 1960, Rollins
1965, Salazar 2010).

C- and Sr- isotope chemostratigraphy is an alterna-
tive tool for determining the depositional age of carbonate

successions (Jacobsen & Kaufman 1999, Hu ez 2/ 2012,
Féllmi ez al. 2006, Follmi 2012). This paper reports the C-
and Sr- isotope chemostratigraphy of a carbonate from the
Kesima Member of the Palanz Formation from which its
depositional age is constrained. The #Sr/*Sr values suggest
that the Kesima Member carbonates were deposited during
the Valanginian. A positive 8">C anomaly of ~2.2%o suggests
a deposition of the Kesima Member during the Weissert
Oceanic Anoxic Event (Weissert ez 2/. 1998). This event
seems to have affected the marine carbonate budget and
resulted in a major drowning of shallow marine carbonate
platforms worldwide (Weissert ez al. 1998, Erba ez al. 2004,
Funk et 2l 1993, Follmi 1996, 2012, Follmi et al. 2006,
Gréselle & Pittet 2010). In this contribution, we use sedi-
mentological and petrographic analyses of carbonate rocks
from the Kesima Member of the Palanz Formation to investi-
gate the potential effects of the Weissert event on the shallow
marine carbonate factories at tropical latitudes. We also use
the chemostratigraphic record to highlight intraformational
uncorformities within the Kesima Member.

ma-Choco Block; SMR: Santa Marta Range; PR: Perija Ranger;
ra Peninsula; LM: Lake Maracaibo; YP: Yucatan Peninsula.
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Figure 1. Location and geological setting of the Alta and Baja Guajira basins, Northeastern Colombia (modified
from Irving 1972, Gomez et al. 2007, Zuluaga et al. 2009, Buchs et al. 2010).
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Finally, determining the depositional age of the
Kesima Member is important not only for calibrating the
chronostratigraphy of the Mesozoic sedimentary record
along the Baja Guajira Basin but also for contributing to
the paelogeographic reconstruction on northern South
America. In particular, we use the age of the Kesima
Member, complemented with a review of the Triassic to
Cretaceous stratigraphy of several basins along north-
ern South America, to time of the first marine incursion
during the Cretaceous along the Baja Guajira Basin after
the Pangea break-up.

GEOLOGICAL SETTING

The Guajira Peninsula is located in the northeastern most
part of Colombia, South America. It has been subdivided
into the Baja and Alta Guajira basins, which are separated
by the Cuisa Fault lineament (Rubio ez /. 1998) (Fig. 1).
The Mesozoic sedimentary records from the Alta and Baja
Guajira basins crop out along several isolated mountain

ranges, i.e. Cosinas range, Macuira range and Jarara range
(Alvarez 1967, Irving 1972, MacDonald 1964, Lockwood
1965). The Cosinas range is located in the Baja Guajira
Basin (Fig. 1). The basement of the Cosinas range consists of
Neoproterozoic gneisses and schists; the Macuira Formation
(MacDonald 1964, Lockwood 1965). These Neoproterozoic
units are overlain by a series of continental sedimentary
successions, which belong to Rancho Grande Formation
and are intruded by several Triassic riolites and riodacites
(Rollins, 1965). Recent U-Pb ages indicate a Late Triassic
(Norian) age for these volcanic units (Zuluaga ez al., 2015).
The Rancho Grande Formation (Fig. 3) is overlain by a series
of Jurassic continental volcaniclastic and deep marine sedi-
mentary succession, beginning with the Uitpana Formation
(Renz 1960, Rollins 1965). Detrital zircon U-Pb ages from
this unit indicate a maximum depositional age of Middle
Jurassic (Aalenian) depositional age (Montano ez al., 2012).
The Uitpana Formation is overlain by a series of transi-
tional to marine sedimentary succession, the Late Jurassic
Cheterlo Formation. This stratigraphic unit is, in turn,
overlain by the shallow to deep marine mixed siliciclastic/
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Figure 2. Geological setting of the area study and location of the Trijajain section (modified from Zuluaga et al.

2009, Salazar et al. 2010).
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carbonate succession of the Caju Formation. Continental
to transitional sediments of the Chinapa Formation overlay
the Caju Formation and are, in turn, overlain by the upper
Jurassic (Thitonian) mixed shallow marine carbonate to
deep marine siliciclastic (shales) facies of the Cuisa and Jipi
Formations (Renz 1960, Rollins 1965). The Jurassic record
from the Cosinas range has no genetic correlative successions
in northern South America (Bartok et 2/ 2015). Its sedi-
mentological characteristics have been used to correlate it
to the successions from the Maya Block, in Northeastern
Mexico (Fig. 3), and in western Cuba (Bartok ez a/. 2015).
The correlation between the Jurassic sedimentary records
from the Cosinas range and the Maya Block suggests that
the former constitutes an allochthonous tectonic block.
Therefore, the Cosinas range may represent a tectonic block
left behind after the breakup of Pangea during most of the
Jurassic (Bartok et 2/ 2015).

The Palanz Formation constitutes the lowermost
Cretaceous sedimentary record along the Baja Guajira
Basin. It consists of a transitional to shallow marine mixed
carbonate/siliciclastic succession (Fig. 4). The Kesima
Member of the Palanz Formation mainly consists of
shallow marine carbonates (Rollins 1965, Salazar 2010)
(Fig. 4). Lateral variations of facies to transitional silici-
clastic successions in the Kesima Member of the Palanz
Formation have been reported (Salazar 2010). In the
southernmost part of the Cosinas range, the Palanz
Formation rests non-conformably on the Neoproterozoic
basement and unconformably on the Rancho Grande
and Uitpana Formations (Fig. 3). In the northernmost
part of the Cosinas range, the Palanz Formation rests
unconformably on the Cuisa Formation and is thicker
than in its southern part (Rollins 1965). In this work,
we call Kesima Member the shallow marine carbonate
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Figure 3. Chronostratigraphy of the Baja Guajira, Cesar-Rancheria, Lake Maracaibo basins and the Maya Block.
Note the similarities in stratigraphy displayed by the Baja Guajira Basin and the Maya Block. Note also the
different stratigraphy displayed by the Cesar Rancheria and Maracaibo basins respect to the Baja Guajira Basin.
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successions from the base of the Palanz Formation crop-
ping out along the northern part of the Cosinas Range
(Fig. 2), where it unconformably overlays the Upper
Jurassic Cuisa Formation.

The Palanz Formation constitutes the lowermost
unit of the Cretaceous record from the Cosinas range
and is overlain by transitional to shallow marine carbon-
ate siliciclastic (shales) successions of the Hauterivian-
Barremian Yaruma Group, which include the Moina and
Yuruma Formations (Rollins 1965, Zuluaga ez a/. 2009).
The Yuruma Formation is overlain by shallow marine
mixed siliciclastic/carbonate successions from the Aptian
to Cenomanian Cogollo Group (Cogollo and Maraca
Formations), which is in turn overlain by deep marine sed-
imentary successions from the Turonian to Campanian La
Luna and Guralamai Formations. The Upper Cretaceous
sedimentary record of the Cosinas ranges is similar to that
of the Jarara Range, in the Alta Guajira Basin (Fig. 1).
However, the Cretaceous sedimentary successions from
the Jarara range were metamorphosed during the Late
Cretaceous (~71 Ma) and intruded during the Eocene
(50 Ma) by the Parashi pluton (Weber ez a/. 2010,
Cardona ez al. 2014). These events place the youngest dep-
ositional age of the Cretaceous sediments from the Alta
Guajira basin and they have been related to the interac-
tion between the Caribbean and South American plates
(Weber et al. 2010; Cardona er al. 2014). These events
did not affect Cretaceous sedimentary records from other
basins in northern South America (i.e. Cesar-Rancheria,
Maracaibo, Magdalena Valley). These differences have
been used to propose an allochthonous origin for the
Baja Guajira Basin to eastern Colombia (Bartok ez al.
2015). Finally, the Late Cretaceous units are overlain by
a series of late Eocene to Pliocene carbonate/siliciclastic
successions (Rollins 1965).

METHODS

The stratigraphic section used in this work is called
Trijajain. It crops out in the eastern flack of the Cosinas
Syncline (Fig. 2). Petrographic analyses (n = 11) were
performed using standard polarizing microscope. The car-
bonate thin sections were stained for a detailed iden-
tification of carbonate, cements and porosity types.
The petrographic analyses allowed the assessment of the
diagenetic/paragenetic history. The facies classification
was performed following Dunham (1962) and Embry
and Klovan (1971).

Polished slabs of carbonate samples (n = 11) were
microdrilled to obtain pure carbonate powder for element
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and C-, O- and Sr- isotope analyses. Microdrilling was
performed to avoid post-depositional carbonate com-
ponents, as well as fractures and veins. For C- and
O- isotope analyses, microdrilled carbonate powders
were reacted with 100% orthophosphoric acid during
12 hours at 25°C. The CO, released from this reac-
tion was extracted in a high-vacuum extraction line
by using cryogenic cleaning according to the method
proposed by Craig (1957). The CO, samples were ana-
lyzed for C- and O- isotopes in a multi-collector dou-
ble-inlet gas source mass spectrometer (Sira II), at the
Stable Isotope Laboratory (LABISE), Department of
Geology, Universidade Federal de Pernambuco. Results
are reported in the international delta per mil (8 %o)
notation respect to the conventional Vienna Pee Dee
Belemnite (VPDB) scale. The isotopic compositions
of the analyzed carbonates were contrasted against the
in-house standard Borborema Skarn Calcite (BSC),
which calibrated against the NBS-18, NBS-19 and
NBS-20 standards has shown an isotopic composition of
810 = -1.28+0.04%o ., and §C = -8.58 +0.02 %o , .

Sr isotopes analyses were performed in 5 mg of micro-
drilled powdered carbonate sample, dissolved in 0.5M
ultraclean acetic acid for leaching, and then centrifuged
to obtain purified Sr. Rb and Sr were separated from
the leached solutions using Eichrom Sr specific resin.
Following, 500 to 1,000 ng of purified Sr were loaded
onto a Ta filament, along with H.,PO,, for TIMS anal-
ysis at the University of Arizona, in Tucson. All mea-
surements were normalized to 0.710248. Fifty anal-
yses of the standard NBS-987 yielded mean ratios of
87Sr/%Sr = 0.710285 £ 7 and *Sr/%Sr = 0.056316 £ 12 for
ratios normalized to %Sr/%Sr = 0.1194. Elemental analy-
ses of the powdered carbonate fractions were performed
at the University of Arizona using ICP-MS. Samples were
dissolved in 1% acetic acid heated to dryness and diluted
with 1% nitric acid for ICP-MS analysis. The analytical
error of replicate standard analyses was better than 0.1%
for major and 0.0001% for minor elements.

RESULTS

Stratigraphy and petrography

The Kesima Member at the Trijajain section is approx-
imately 87 m thick (Fig. 4) and overlays unconformably
the Jurassic Cuisa Formation. The section displays four
coarsening upward cycles and one fining upward cycle.
The first coarsening upward cycle consists of two coars-

ening upward hemicycles, which vary from wackstones to
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bafflestones from its base until the 32 m of height of the fragments, as well as ooids, scarce benthic foraminifera,
stratigraphic section (Fig. 4). These carbonates contains and pellets (Figs. 4 and 5). They also display silicified
abundant echinoderms spicules, bryozoans and mollusks echinoderm fragments, as well as deformed spicules and

Y.

F o
e
e DS

Figure 5. Images of thin sections of the Kesima member carbonates of the Palanz Formation. Echi: Echinoderm,
MicMtx: Micritic Matrix, SpCem: Sparitic Cement, SilCem: Siliceous Cement, Qz: Quartz, Biv: Bivalve,
Por: Porosity.
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ooids partially replaced by silica and sparite. An increased
of non-fossiliferous allochemical components is observed
between the 33 and 55 m of height. This stratigraphic
interval displays two coarsening upward cycles (Cycles 11
and I1I). Cycle I1 varies stratigraphically from wackstones
to rudstones with abundant coral and coralline algae frag-
ments, echinoderms, bryozoans and bivalves. Cycle I1I
varies from wackstones to grainstones and displays the
thinnest carbonate strata in the whole succession. It does
not show coral and coralline algae fragments. The strati-
graphic interval between 55 and 68 m displays a substantial
reduction of organically produced carbonates. The upper
part of this interval displays a ~5 m oolitic grainstone. This
oolitic grainstone is overlain by a coral rich bafflestone,
which constitutes the top of Cycle IV. These carbonates
mostly contain fragments of echinoderms, corals, some
gastropods, as well as deformed echinoderm spicules par-
tially replaced by sparite. They also show an increase in
quartz content (Fig. 4, 5). Cycle V, between 68 and 87 m
height, consists of a series of packstones containing abun-
dant echinoderms, mollusks, foraminifera and fragments
of bryozoans. Carbonate intraclasts, coralline algae and
undefined fossils have also been identified. The studied
carbonates show evidence of mechanical compaction such
as deformed allochemical particles, stylolitization and frac-
turing. They also display abundant porosity, associated to
fractures and dissolution of allochemical material, often

filled with sparite (Fig. 5).

Isotopes and major and trace elements

The isotopic and elemental compositions of the stud-
ied carbonates are reported in Table 1 and shown in
Figure 6. The ¥St/*Sr values of the analyzed carbonates
vary between 0.707350 and 0.707400 (Fig. 6, Table 1).
Their 8"°C values display a positive trend from +0.29%o
to +2.01%o, which finally decrease to +0.59%o in its
uppermost part (Fig. 6, Table 1). The 8O values fluc-
tuate between -5.09%o and -6.93%o. The [Fe] range from
374.59 to 792.72 ppm, the [Mn] is usually < 104 ppm,
the [Mg] vary from 221.64 to 476.23 ppm. Values of
Mn/Sr are < 0.81 and of Mg/Ca are < 0.000878 (Fig. 6,
Table 1). The [Ba] increases from 6.97 ppm at the base
of the section up to 27.65 ppm in its middle part and
then decreases to 12.11 ppm at its uppermost part. The
[P] increases from 90 ppm, in the lowermost part of the
stratigraphic section, to 450 ppm in its middle part, and
decreases to 310 ppm toward the upper part of the car-
bonate succession. The Th/U values are lower than 0.001
in the lowermost part of the section, they increase to
0.0038 in its middle part and decrease to 0.000812 in
its uppermost part.
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DISCUSSION

Environmental interpretation

Field observations and petrographic analyses sug-
gest that the Kesima Member of the Palanz Formation
deposited along a shallow marine rimmed carbonate
platform (Fig. 7). Four shallowing upward stratigraphic
cycles were interpreted as described above. The first
cycle (Cycle I), between 0 and 33 m height, displays
wackstones, packstones and grainstones with abundant
bryozoans, pellets, mollusks, and echinoderms (Fig. 4).
These facies are caped by an uppermost bafflestone/rud-
stones. These characteristics suggest a deposition along an
intertidal back reef environment (Fig. 7). A new coars-
ening upward cycle (Cycle II), between the 33 and the
48 m height, is characterized by basal wackstones/mud-
stones and an uppermost coral rich bafflestone/rudstone
(Fig. 4), which suggest the occurrence of patchy coral
reefs. Carbonates from Cycle I are interpreted as depos-
ited along the crest of coral reef (Fig. 7). Considering
the facies described from Cycle I to III, a transgressive
pattern is suggested. The third coarsening upward cycle
(Cycle III), between 48 and 55 m, is characterized by
an increase in ooids contents (Fig. 4). This coarsening
upward cycle also displays the thinnest grainstone facies.
This suggests a further increase in sea level and deposi-
tion along a front reef to fore reef depositional setting
(Fig. 7). The fourth coarsening upward cycle (Cycle
IV), between 55 and 68 m height, is characterized by a
major decrease in biologically produced carbonates. The
uppermost part of this cycle displays a ~5 m thick oolite
horizon (Fig. 4). The occurrence of this thick oolite
horizon suggests a decrease in the accommodation space
and/or a lowering of relative sea level. The oolite hori-
zon is interpreted as deposited along a carbonate shoal
area (Fig. 7). The strong change from biogenic to inor-
ganically precipitated carbonates, i.e. oolites, suggests a
major change in the carbonate factory along the Kesima
member. The occurrence of coral rich bafflestones at the
top of Cycle IV suggests a relative increase in sea level
and the potential catch up of the sea level by the marine
rimmed carbonate platform (Figs. 4 and 7). The occur-
rence of heterozoan rich packstones at the uppermost
part of the Kesima Member marks a new increase in sea
level (Fig. 7). These packstones are interpreted as depos-
ited along a front reef area. The presence of carbonate
intraclasts suggests the reworking of the underlying reef
carbonates and therefore an unconformity. As discussed
below, this unconformity is supported by abrupt changes
in the Sr- and C- isotope chemostratigraphy.

Brazilian Journal of Geology, 46(Suppl 1): 163-180, June 2016



Juan Carlos Silva-Tamayo et al.

<
|
(Eadn) %de@ (EAdA) %68

-5
070734
0.70736 ]
0.70738
0.70740

JUBAT 1ISSSION .

IS9e1S,e

200

(Lud&) EE|

ANULIOFUODUN) vvssssssnsss

()]
T
1 L
(wdd) SN (wdd) up

w1
[%2)
S
1
(wdd)
000T X ®)

o

3 o

[e} IS

| L | L
®)/8IN IS/UN

o
3
&
T

1S/T

o
3
2
]
1
h

A TTORD

Figure 6. Isotopes and elemental chemostratigraphy of the Kesima Member carbonates of the Palanz Formation.
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Diagenesis

The 11 thin sections analyses suggest that the stud-
ied carbonates from the Kesima Member were affected by
early and burial diagenesis. The presence of microsparite
cementing the original carbonate matrix suggests that early
marine cementation occurred just after the deposition of
the studied carbonates. The replacement of some allochem-
icals components by sparite suggests that the carbonates
were also affected by meteoric (vadose zone) diagenesis.
The presence of deformed and fractured allochemicals
components, as well as the presence of stylolites, suggests
that the studied carbonates were affected by important
compactation during burial diagenesis. The presence of
silicified allochemicals components at the top of the suc-
cession can be the result of some post-depositional fluid
flow during burial (Bustillo 2012, Pérez-Jiménez ez al.
2004, Pérez-Jiménez 2010).

Depositional age of the Kesima member

C- and Sr- isotope chemostratigraphy has been widely
used as an alternative tool to date and to correlate car-
bonate successions worldwide (Veizer ez al. 1997, 1999,
Jacobsen & Kaufman 1999). The effectiveness of isotope
chemostratigraphy as a chronostratigraphic tool relies on
the preservation of the original marine isotopic composition
in the analyzed marine carbonate archives. Diagenesis may
produce important modifications of the original elemen-
tal and isotopic composition of marine carbonates (Veizer

eral. 1997, 1999, Jacobsen & Kaufman 1999). Although

meteoric and burial diagenesis affected the studied carbon-
ates, it did not seem to have affected their original (marine)
elemental and isotopic (i.e. C- and Sr- isotopes) composi-
tions. The lack of affection of the marine isotopic signal is
supported the lack of correlation between some geochem-
ical indicators of meteoric and burial diagenesis (Mn/Sr,
Mg/Ca, 1/Sr) and the isotopic (C and Sr) composition of
the studied carbonate successions (Fig. 8). We acknowledge
that meteoric and burial diagenesis would have accounted
for the very low 8'®O values displayed by the studied car-
bonates. The lack of correlation between the 6'*0O and
8"3C values suggests, on the other hand, that even though
meteoric diagenesis affected the O-isotope compositions
of the studied carbonates, it may have not affected their
C-isotope compositions.

The suggested preservation of the marine isotopic sig-
natures allows the use of the ¥Sr/*°Sr values of the studied
carbonates to infer their depositional age. Determination
of the depositional ages has been performed by contrasting
the ¥Sr/*Sr values displayed by the Kesima Member car-
bonates against the Cretaceous values reported by Bralower
et al. (1997), McArthur et al. (2012) and McArthur et al.
(2007). From this comparison, a Valanginian age can be
inferred. This age is in partial agreement with previous bio-
stratigraphic studies (Renz 1960, Rollins 1965, Salazar 2010).
Renz (1960) restricted the age of the Kesima Member to
the Valanginian based on the occurrence of Trigonia loren-
tii Dana. The Valanginian depositional age of the Palanz
Formation is further constrained by the occurrence of

Table 1. Analytical data of isotopes and elemental chemostratigraphy of the Kesima member carbonates of the
Palanz Formation. Elemental concentrations are in ppm. The C and O isotope values are reported in the delta per
mil notation (d%o) with respect to the Pee Dee Belemnite (PDB) standard. The elemental data are reported in ppm.

Sample Height| 6C | 6'®0 | ¥’Sr/®**Sr Sr Fe Mn

Mg Ca Ba P 1/sr

Mn/Sr | Mg/Ca Th/U

540031.1 2.5 029 | -693 | 0.707356 | 134.58 | 674.08 | 86.98

22849 | 528498 | 697 | 90.00

0.00743 | 064628 | 0.000432 | 0.000875

540031.3 80 |-022 | -621 | 0.707352 | 137.33 | 660.60 | 104.38

22164 | 517928 | 837

250.00 | 0.00728 | 0.76003 | 0.000428 | 0.000858

540031.4 120 | 0.74 | -595 | 0.707350 | 124.85 | 792.72 | 101.87

24380 | 512749 | 1039 | 359.00 | 0.00801 | 0.81597 | 0.000475 | 0.000837

540031.9 425 117 | -5.58 | 0.707355 | 128.71 | 76894 | 97.80

237.71

497367 | 9.64 | 450.00 | 0.00777 | 0.75983 | 0.000478 | 0.000812

540031.11 | 520 | 171 | -5.44 | 0.707356 | 16863 | 53546 | 44.94

360.81 | 531601 | 27.65 | 426.00 | 0.00593 | 0.26649 | 0.000679 | 0.001543

540031.12 | 540 | 1.86 | -557 | 0.707368 | 255.10 | 26698 | 26.70

476.23

542422 | 17.83 | 372.00 | 0.00392 | 0.10465 | 0.000878 | 0.001458

540031.13 | 620 | 201 | -548 | 0.707366 | 141.25 | 51942 | 44.58

32792 | 639883 | 20.85 | 310.00 | 0.00708 | 0.31562 | 0.000512 | 0.003810

540031.15 | 66.0 | 150 | -523 | 0.707365 | 169.50 | 432.85 | 4596

29811

533236 | 21.50 | 301.71 | 0.00590 | 0.27115 | 0.000559 | 0.003175

540031.16 | 685 | -0.73 | -5.83 | 0.707378 | 166.11 | 44168 | 41.78

263.82

544118 | 19.54 | 267.00 | 0.00602 | 0.25153 | 0.000485 | 0.003240

540031.18 | 745 | 151 | -5.09 | 0.707391 | 21853 | 41205 | 2807

436.20 | 585223 | 1333 | 303.80 | 0.00458 | 0.12846 | 0.000745 | 0.001375

540031.192| 845 | 059 | -6.65 | 0.707400 | 240.32 | 374.59 | 2552

44510 | 532021 | 12.11 | 310.00 | 0.00416 | 0.10616 | 0.000837 | 0.001250
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Trigonia lorentii, Olcostephanus sp., Choffatella sogamosae
and Exogyra reedsi in the overlying Valanginian-Hauterivian
Moina Formation (Renz 1960). A more precise age, 136 —
132 Ma, is obtained when comparing the ¥Sr/*Sr values
of the Kesima Member carbonates with the high resolution
Valanginian ¥St/%Sr curves of well dated carbonate succes-
sions worldwide (McArthur et 2/ 2007, 2012, Martinez
et al. 2013) (Fig. 9).

The Valanginian registered a positive C-isotope excur-
sion of ~ 2%o0 (Hu ez 2l 2012, Weissert et al. 1998, Erba
et al. 2004, Funk et al. 1993; Follmi 1996, Follmi ez al.
2006, Gréselle & Pittet 2010). This isotopic excursion,
which seems to be of global nature, has been related to

the Weissert Oceanic Anoxic Event (Weissert et al. 1998,
Weissert & Erba 2004, Erba ez 2l 2004, Funk et al. 1993,
Follmi 1996, Follmi ez al. 2006, Gréselle & Pittet 2010).
We suggest that the 2.2%o positive excursion in 8"*C values
displayed by the carbonates from the Kesima Member of
the Palanz Formation reflects the occurrence of the Weissert
Oceanic Anoxic Event (Fig. 9).

The C- and Sr-isotope chemostratigraphic trends dis-
played by marine carbonate successions can be used to iden-
tifying potential unconformities within the carbonate record
(McArthur ez al. 2012). We propose the presence of two poten-
tial unconformities within the Palanz Formation. These uncon-
formities (hiatuses) are evidences by two important jumps in
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Figure 7. Depositional environmental of the Kesima Member carbonates of the Palanz Formation. Roman numbers
refer to the five stratigraphic cycles identified for the Kesima Member.
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the ¥Sr/*Sr values between Cycles 11T and IV, and between
Cycles IV and V (Fig. 9). The hiatus between Cycles III and
IV would have lasted -~ 400 ky and may have been associated
to a major eustatic sea level drop (Fig. 9). The unconformity
between cycles IV and V, in turn, would have lasted -~ 1 My.
This hiatus would have been associated to a subaerial expo-
sure of the carbonate record. The presence of an unconformity
(hiatus) between Cycle IV and V is evidenced by the presence
of carbonate intraclasts in carbonates from Cycle V (Figs. 4
and 7). The deepening pattern of the sedimentary environ-
ments in Cycle V' (Figs. 4 and 7) suggests that the subaer-
ial exposure of carbonates from Cycle IV was followed by a
period of rapid sea level. This implies that the limit between
Cycle IV and V may be considered as a ravinement surface.

Environmental and sedimentological
changes associated to the weissert event
along tropical carbonate platforms

The onset Weissert event positive C-isotope anomaly has
been related to predominant greenhouse conditions, which
resulted from the rapid degassing of volcanic CO, into the

atmosphere during the Parana-Etendeka volcanism (Fig. 10)
(Lini e al. 1992, Martinez et al. 2015). The high atmospheric
2CO, and the greenhouse conditions caused by the Parana-
Etendeka volcanism enhanced continental weathering, which,
in turn, increased the nutrients delivery from continent into
the global oceans (Lini ez a/. 1992, Duchamp-Alphonse
et al. 2014). Barium and phosphorous are important nutri-
ents necessary to increase and sustain primary productivity
(Schoepfer ez al. in press). Our records show an important
increase in [Ba] and [P] coinciding with the beginning of
the positive excursion of the 8'°C values (Fig. 6). This is in
line with a high nutrient delivery from continents to oceans
at the onset of the Weissert event. High nutrients availabil-
ity would have fueled the marine primary productivity and
enhanced organic carbon export onto ocean substrate at
the onset of the Weissert event (Weissert ez 2. 1998, Erba
et al. 2004, Gréselle & Pittet 2010, Meissner et al. 2015).
The increase in eutrophication of the global oceans would
have lead to a subsequent increase in marine primary pro-
ductivity. The increased marine eutrophic conditions and
the enhanced remineralization of organic carbon in the
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Figure 9. Age model of the Palanz Formation based on the C and Sr isotope stratigraphy. Solid blue and green
circles are the C and Sr- isotope composition of the Kesima Member carbonates (this work). Solid C and Sr
isotope lines after (Martinez et al. 2013, Meissner et al. 2015). Ages of the Parana-Etendeka volcanism after
de Assis Janasi et al. (2011) and Thiede and Vasconcelos (2010). Age of the Weissert event after Martinez et al.
(2013). Note how the zenith of the Weissert event corresponds to a regressive cycle in the Kesima Member. Sea

level curve after Haq (2015)4).
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deeper water column ultimately resulted on the decreased
dissolved oxygen in the ocean during the Weissert Event
(Weissert et al. 1998, Meissser et al. 2015). Such a decrease
in dissolved oxygen levels is expressed by the increase in the
Th/U ratio of the Kesima Member carbonates at the onset
of the Weissert Event C-isotope anomaly (Cycle IIT - IV).
Although high Th/U ratios may also result from high con-
tinental input, this possibility is disregarded by the disap-
pearance of siliciclastic components. The high Th/U ratios
displayed at the zenith of the Weissert event C-isotope excur-
sion further supports previous investigations that suggest
that such isotope anomaly resulted from enhanced organic
carbon burial under oxygen depleted conditions (Weissert
& Erba 2004).

The high atmospheric pCO, resulting from the Parana-
Etendeka volcanism would have reduced the ocean pH causing
ocean acidification at the onset of the Weisser Event (Erba &
Tremolada 2004). Ocean acidification would have, in turn,

resulted on strong deformities and some minor size reductions

in calcifying nanoplankton; i.e. coccoliths (Weissert & Erba
2004, Erba & Tremolada 2004). The Parana-Etendeka vol-
canism would have subsequently further enhanced the conti-
nental weathering rates, a process that increased the alkalin-
ity delivery to the global oceans and resulted in an increase
in ocean pH. This process would have also decreased the
atmospheric pCO, within 1 My after the initiation of the
Parana-Etendeka volcanism; this is the time that takes atmo-
spheric pCO2 to be efficiently sequestered by continental
weathering (Raymo & Ruddiman 1992, Algeo & Twitchett
2010). The increase the alkalinity delivery to the ocean and
the increase the ocean pH ultimately favored the precipita-
tion of marine carbonates due to a deepening of the carbon-
ate compensation depth. Our records show that the zenith
of the Weissert Event positive C-isotope anomaly coincides
with a major decrease in the amount of biologically produced
carbonates and an increase of ooilitic carbonate facies in
the Kesima Member (Figs. 6 and 7). We suggest that euth-
rophic conditions and marine deoxygenation, along with

Late Jurassic (~150 Ma) 2
Isolated Guajira blocks ‘0230‘*‘

Early Cretaceous (Valangian ~150 Ma)
Deposition of the Kesima Member carbonate platform

Peri-Caribbean blocks collision and Cretaceous
metamorphic units R ™

&~
9‘0‘0’ o
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Figure 10. Paleogeographic evolution of the Baja Guajira Basin from Late Jurassic to recent with respect to
Northern South America. (modified; Pindell et al. 1998; Escalona & Mann 2011; Bartok et al. 2015).Numbers
represent tectonic blocks from northern South America [1] Baja Guajira block; [2] Alta Guajira block; [3] Santa
Marta block; [4] Andes/Santander/Cesar-Perija/Maracaibo blocks; [5] Northern South America.
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ocean acidification, negatively impacted marine carbonate
producers along the carbonate platform where the Kesima
Member deposited. We suggest that the oolitic carbonates
of the Kesima Member of the Palanz Formation represent
disaster deposits that reflect a major decrease in biologic
activity of marine calcifying organism during the Weissert
Event. The deposition of the oolitic carbonates would have
been associated to enhanced seawater carbonate saturation
state in the seawater at the zenith of the Weisser Event.

The greenhouse conditions associated to the onset of
the Weissert Event C-isotope anomaly would have also
resulted in an increase in global sea level (Lini ez /. 1992).
Our record suggests that the onset of the Weissert Event
C-isotope anomaly coincides with a transgressive pattern
defined by cycles I to III (Fig. 10). The effective sequestra-
tion of atmospheric CO, through continental weathering
would have resulted in global cooling (Duchamp-Alphonse
etal. 2011). The establishment of cooler climate would have
resulted on a decrease in sea level (Hag, 2014). Our records
show that the zenith of the Weissert Event C-isotope anom-
aly coincides with a regressive stratigraphic cycle (Cycle IV).
This cycle displays a -5 m oolite horizon, which we have
been interpreted as resulting from enhanced seawater car-
bonate saturation due to high continental weathering rates
and high alkalinity delivery from continents to oceans.
The decrease in sea level, together with the high carbonate
saturation in tropical oceans, further explains the occur-
rence of the oolite horizon during the zenith of the Weissert
Event along the regressive Cycle IV (Fig. 9). The enhanced
continental weathering during the zenith of the Weissert
Event positive C-isotope anomaly would have also resulted
on enhanced siliciclastic input into the global oceans and
favored the burial of organic matter; the latter leading to the
Weissert Event positive C-isotope anomaly (Lini ez a/. 1992,
Weissert & Erba 2004). Enhanced burial of organic matter
under marine anoxic conditions likely resulted on a major
draw down the concentration of redox dependent elements
in seawater (Algeo 2004). This effect is observed in the inter-
val recording the Weissert Event C-isotope anomaly, which
also displays high Th/U ratios (Fig. 6). The decrease in dis-
solved U in seawater during the Weissert Event C-isotope
anomaly is also registered in several Circum Tethyan car-
bonate successions (Westermann ez /. 2010).

IMPLICATIONS FOR THE JURASSIC-
CRETACEOUS EVOLUTION OF
NORTHERN SOUTH AMERICA

The Cretaceous sedimentary record from the Baja

Guajira Basin has been considered correlative to that
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from the Maracaibo Basin for a long time (Fig. 3).
However, these two Cretaceous records display import-
ant environmental and chronostratigraphic differences
(Rollins 1965). For instance, the Baja Guajira Basin
displays continental/volcaniclastics sediments in the
lower Jurassic and marine carbonates and black shales
in the upper Jurassic (Rollins 1965). On the other hand,
the Maracaibo Basin displays only Jurassic continental
facies and lacks marine carbonate/black shale deposits
(Bartok et al. 2015).

‘This work contributes to show more differences. Our work
suggests that lowermost Cretaceous sediments from the Baja
Guajira Basin (Palanz Formation) are Valanginian in age,
while the sedimentary record from the Maracaibo basin
(Rionegro Formation) is younger, being Hauterivian in age
(Parnaud ez 2/ 1995). Moreover, while the Palanz Formation
deposited along a mixed siliciclastic/carbonate platform, the
Rionegro Formation deposited mainly in continental set-
tings (Parnaud ez al. 1995).

The differences in the Jurassic sedimentary records
have been used to propose that the Maracaibo and Baja
Guajira basins belong to two different tectonostratigraphic
blocks (Bartok et a/. 2015). While the Jurassic sedimen-
tary record of the Maracaibo basin has been related to
the eastern Colombia, that from the Baja Guajira basin
has been related to the successions from the Maya Block
in Mexico and Cuba (Bartok ez al. 2015). According to
Bartok ez al. (2015) the Jurassic record from the Cosinas
basin would have been deposited along a rifted basin left
behind after the separation of North and South America
(Fig. 10). We use the chronostratigraphic differences
between the Jurassic and lower Cretaceous sedimentary
records from the Baja Guajira and the Maracaibo basins
to suggest that the Cretaceous sediments from the Baja
Guajira Basin were deposited when the Baja Guajira tec-
tonic block was still isolated from northern South America
(Fig 10). This block would have remained detached from
the northern most part of South America until -~ 71 Ma
(Fig. 10). The docking of the Baja Guajira Basin block to
northern South America would have marked the collision
between the Caribbean Plate and South American Plate
at 71 Ma (Weber et /. 2010). This late Cretaceous colli-
sion would have involved the ancient Santa Marta range
where Cretaceous metasediments crop-out (Weber ez al.
2010) (Fig. 10). The Cretaceous metamorphic record from
the Santa Marta Range and the western part of the Baja
Guajira basin would have finally been translated onto the
South American plate after the Eocene, by the transten-
sional movements of the Cuisa and Cosinas faults and the
associated clockwise rotation of the Cosinas and Santa
Marta Range blocks (Bayona ez a/. 2010).
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CONCLUSIONS

The C- and Sr- isotope stratigraphy from carbonate suc-
cessions from the Kesima Member of the Palanz Formation
indicate a Valanginian depositional age. Carbonates from
the Kesima Member of the Palanz Formation deposited
along a coral dominated rimmed carbonate platform.
Changes in this tropical carbonate platform, from a bio-
logically produced into inorganically precipitated carbon-
ate factory, paralleled major anomalies on global environ-
mental and climatic changes, i.e. the occurrence of the
Weissert oceanic anoxic event, a major decrease in global
temperatures and a decrease in sea level. The deposition
of this tropical carbonate platform would have taken place
along an isolated tectonic block (i.e. the Guajira Block),
which rafted between South and Central America after the
breakup of Pangea since the Jurassic. The docking of this
block to northern South America would have occurred at

~71 Ma as suggested by the occurrence of metamorphosed
marine sedimentary successions along the northern part
of the Guajira Basin.
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