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Abstract: Asymmetric ooids are documented in a brackish Maastrichtian to Danian paleolake in NW
Argentina. Their distinctive asymmetric growth pattern is likely related to an uneven distribution of the
Extracellular Polymeric Substances (EPS) around the coated allochem, within which calcite fibers (i.e.,
the 'fibrite') have grown. This pattern is unlikely to be mistaken for that of other 'eccentric' ooids, such
as wobbly ooids, spiny ooids, hiatus ooids, half-moon ooids, 'broken' ooids sensu lato, or collapsed oo-
molds (referred to as 'distorted' ooids).
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Résumé : Le Projet KALkowsKy - Chapitre V. Ooides asymétriques de la Formation Yacoraite
(Argentine).- Nous décrivons des ooides asymétriques provenant d'un paléolac sauméatre d'ége Maas-
trichtien a Danien du nord-ouest de I'Argentine. Leur mode de croissance particulier, i.e., asymétrique,
est probablement lié a une répartition inégale des substances polymériques extracellulaires (SPE) autour
du grain cortiqué, au sein desquelles les fibres de calcite (i.e., la "fibrite") se sont développées. Il est peu
probable que ce mode de croissance puisse étre confondu avec celui d'autres ooides "excentriques", tels
que les ooides bancals, les ooides épineux, les ooides hiataux, les ooides en demi-lune, les ooides "cas-
sés" sensu lato ou les moules effondrés d'ooides (parfois appelés ooides "déformés").
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1. Introduction A

The petrographic analysis of thin
sections reveals that there is still
much to be gleaned from microbial
carbonates (GRANIER & LAPOINTE,
2021, 2022a, 2022b); this is the
core idea behind the KaLkowsky
Project. The material presented
here documents a new occurrence
of 'eccentric' ooids from the lacus-
trine (Maastrichtian to Danian)
Yacoraite Formation (e.g., CONSOLE
GONELLA et al., 2012; FreIrRg, 2012)
in NW Argentina.

2. Material and
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The material under study was
collected by one of us (P.L.) with .
the assistance of three IFP col- L7
leagues (Bernard COLLETTA, Jean
LETouzey, and Roland ViALY) from
two distinct localities in the prov- D =
inces of Salta and Jujuy in NW Ar- ¥ <
gentina (Fig. 1): CorOH/él - 269-270
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1) on October 6, 1988: The first \ T | .

section (Fig. 2), already docu- !
mented in GRANIER and LAPOINTE .

km, _ Embalsé Cabra Corral

(2022b, Figs. 3.D, 4-5), was found
approximately 60 km south of Sal-
ta. It is situated on a bend of Road
47 from Coronel Moldes to Puente
Dique Cabra Corral (Fig. 1.D), pre-
cisely at 25°17'04.4"S 65°24'
56.1"W (Province of Salta, Argen-
tina). This outcrop, located in the Metan subbasin
of the Salta Basin, is referred to as "Afloramento
Vifiuales" of the "Sequéncia Balbuena IV" of the
Yacoraite Formation (FreIrRg, 2012, Figs. 5.1, 5.10,
8.7) and is assigned a Danian age. Four petro-
graphic thin sections were prepared from two
rock pieces labelled ARA 268 and ARA 269, col-
lected near the top of the logged section. Al-
though the first two thin sections (ARA 268 and
ARA 269) are likely lost, two new thin sections
(AG 268 and AG 269, registered as MHNG-GEPI-
2024-10268 and 10269 in the collections of the
Musée d'Histoire Naturelle de Genéve, Switzer-
land) were prepared from offcuts of the initial two;

2) on October 15, 1988: The second section,
measured by the same group of field geologists
(Fig. 3.B), is exposed in a canyon located 6.5 km
south of Palma Sola, west of the truck road con-
necting this locality to El Sauzal, approximately
100 km east of San Salvador de Jujuy (Fig. 1.C),
at around 24°05'24.0"S 64°17'46.4"W (Province
of Jujuy, Argentina). This second Yacoraite sec-
tion is situated in the Lomas de Olmedo subbasin
of the Salta Basin and is presumed to be of Maas-
trichtian age. Two petrographic thin sections were
prepared from one rock piece labelled ARA 351,
collected near the bottom of the exposed section

ince of Salta.

Figure 1: A) Location map of the provinces of Jujuy (red) and Salta
(blue) in Argentina; B) location map of the sampling localities 268-269 in
the Province of Salta and 351 in the Province of Jujuy; C) location of the
sampling locality 351 in a canyon section 6.5 km south of Palma Sola,
Province of Jujuy; D) location of the sampling localities 268-269 on a
bend of Road 47 from Coronel Moldes to Puente Dique Cabra Corral, Prov-

(Fig. 3.B-C). While the first thin section (ARA
351) is likely lost, a second thin section (AG 351,
registered as MHNG-GEPI-2024-10351 in the col-
lections of the Musée d'Histoire Naturelle de Ge-
néve, Switzerland) was prepared from an offcut of
the original.

3. Descriptions of samples
ARA 268, ARA 269, and ARA 351

Thin section ARA 268 (Fig. 4.A) reveals three
stromatolitic microcolumns, each approximately
1 cm wide, containing silt and coated grains in the
stromatolitic inner vugs and in the intercolumnar
space. In contrast, the microfacies of thin sec-
tions AG 268, AG 269, and ARA 269 (Fig. 4.B)
consist of 1) a floatstone of ooids and bothryoids
(also spelled 'botryoids') with a silty matrix and 2)
fibrous sparitic crusts growing on some bothry-
oids. The matrix also contains silt-sized quartz
and some fish teeth.

The microfacies of both thin sections ARA 351
(Fig. 4.C) and AG 351 corresponds to a floatstone
of bothryoids and oolitic lithoclasts with an oolitic
grainstone matrix. Some lithoclasts exhibit a su-
perficial oolitic coating. Ostracod shells are com-
monly observed as nuclei of ooids.
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Figure 2: Shematic drawing of the Salta section (Cabra
Corral) with location of samples 269 and 270 in bold red
(excerpt from GRANIER & LAPOINTE, 2022b).

4. Descriptions of some ooids
and bothryoids from thin sections
AG 268, AG 269, AG 351, and ARA 351

The nucleus of one specimen from AG 268
(Figs. 5.B, 6.A) is a hemiooid sensu KALKOWSKY's
(1908) classification. Similarly to most 'broken’
ooids sensu stricto, the break lines align with the
calcite fibers of the cortical layers. In this case, a
half-piece of the ooid has undergone partial re-
generation, a phenomenon also observed in the
second half (Fig. 5.C), which was found approxi-
mately 5 mm away in the same thin section (Fig.
5.A). However, both pieces distinctly differ from
typical 'broken and regenerated' ooids, i.e., 'bro-
ken' ooids sensu lato, due to the non-continuous
nature of their 'regenerated’ cortices.

The siliciclastic nucleus of another asymmetric
ooid from AG 268 (Figs. 5.E, 6.B) is protruding.
Yellowish 'fibrite' (a neologism for 'fibrous calcite’
as coined by GRrANIER and LaApOINTE, 2022a, i.e.,
"material with one large and two small dimen-

sions" following FoLk, 1974) cortical layers are
thicker right above the nucleus, and thin laterally
and downward. It appears that the center of mass
of the ooid did not change with the addition of a
new fibrite layer. The amber-yellow tint of the fib-
rite crystals is unquestionably related to organic
content (GRANIER, 2020), with calcite fibers incor-
porating a diffuse organic network, possibly the
remnants of Extracellular Polymeric Substances
(EPS).

A bothryoid from AG 269 (Fig. 5.D) is com-
posed of a cluster of ooids, including one asym-
metric ooid with an off-center siliciclastic nucleus,
showing similarities with the previous example.
Initially, the latter likely formed a first aggregate
with another ooid, subsequently forming a biooid
(cf. GRANIER & LAPOINTE, 2022b). New ooids joined
to form a larger aggregate, then a bothryoid.

Ooids and bothyroids with anisopachous fibrite
cortical layers are common among the coated
grains of AG 351 (Fig. 5.F). The cortex of another
asymmetric ooid from ARA 351 (Figs. 5.G, 6.C)
exhibits significant variation in the thickness of its
outermost layers.

5. Discussion

In this chapter, Argentinian (Jujuy and Salta)
asymmetric ooids are discussed in terms of differ-
ences and similarities with some other specific ooid
types: 'broken' ooids sensu lato, 'distorted' ooids,
half-moon ooids, hiatus ooids, and wobbly ooids.

Differences:

1) 'Broken and regenerated' ooids (CaAROzzI,
1961): As stated previously, the nuclei of two
specimens from AG 268 (Fig. 5.B-C), which are
found approximately 5 mm away in the same thin
section (Fig. 5.A), represent the two halves of the
same original ooid. Both pieces have undergone
partial regeneration. However, whereas the first
layer of the 'regenerated' cortex is continuous in
typical 'broken and regenerated' ooids, the Salta
specimens (Fig. 5.B-C) are characterized by the
non-continuous nature of their outer cortical lay-
ers. The latter commonly abut against the inner
layers and include noticeable gaps.

2) 'Distorted' ooids (CAYeux, 1935) and 3) half-
moon ooids (WHERRY, 1915): Recently, GRANIER
and coauthors (GRANIER et al., 2022; GRANIER &
KENDALL, 2022) demonstrated that some 'distorted
ooids' are, in fact, collapsed oomolds, i.e., a re-
sult of diagenetic processes involving leaching of
the ooids followed by mechanical compaction.
Similarly, half-moon ooids are formed through the
leaching of oolitic cortices, causing the nuclei and
some impurities to settle at the bottom of oo-
moldic cavities. Both types are associated to dia-
genetic processes. In contrast, the features ob-
served in our Argentinian oolites are 'genetic',
i.e., indicating a relationship with synsedimentary
growth processes.
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4) Hiatus ooids: as defined by BErG (1944),
such ooids exhibit some obliquely truncated corti-
cal layers, suggesting that their asymmetry likely
results from mechanical abrasion, indicative of
erosional processes. Partly abraded layers of the
inner cortex terminate beneath the boundary with
the outer cortex. In contrast, in two ooids from
AG 268 (Figs. 5.B-C, 6.A) some layers of the out-
er cortex terminate above the boundary with the
inner cortex. More generally, the asymmetry ob-
served in the Argentinian material is primarily as-
sociated with growth processes rather than abra-
sion.
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« Figure 3: The Jujuy section, a
canyon section near Palma Sola: A)
View of the canyon section; B)
schematic drawing of the canyon

5, Section with location of sample 351
in red; C) lowermost oolites and
stromatolites.

5) Spiny ooids: According to DAvVAUD and STRAS-
SER (1990), "the external cortices are deformed
and detached from the underlying cortices near
the points of contacts between the grains", which
"strongly suggest a postdepositional origin for the
spines". This type of ooid is associated with early
diagenetic processes.
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Figure 4: High resolution scans of the thin sections: A) three stromatolitic microcolumns, each approximately 1 cm
wide, containing silt and coated grains in the stromatolitic inner vugs and in the intercolumnar space, ARA 268, B)
floatstone of bothryoids and ooids with a silty matrix, ARA 269, C) floatstone of lumps and bothryoids with an oolitic
grainstone matrix, ARA 351 (all likely lost). Scale bar for all scans = 5 mm.

6) Wobbly ooids: In the case of the Jujuy wob-
bly ooids (GRANIER & LAPOINTE, 2022a), the asym-
metry is associated with the growth of micritic
bumps, likely of microbial origin, and successive
shifts of the center of gravity. In the material pre-
sented here, there are no micritic bumps; in-
stead, incomplete yellowish 'fibrite' coatings are
present. These coatings either thicken or thin and
commonly abut against older layers. If these fib-
rite crusts were made of micrite, the Argentinian
aymmetric ooids would unequivocally be classified
as oncoids. In contrast to the previously de-
scribed wobbly ooids (GRANIER & LAPOINTE, 2022a),
the centers of mass in our Salta specimens of Fig-
ure 6.A-B, .D (samples AG 268 and AG 269) did
not significantly move during the latest growth
stages.

Similarities:

Salta asymmetric ooids (samples AG 268 and
AG 269) exhibit some similarities with the modern
"quiet water odlites from laguna Madre, Texas",
as described by FReeMAN (1962). According to the
latter, these asymmetric features "seem not to be
the result of etching or abrasion but rather they
appear to be primary features of these odlites"
(op. cit., p. 478). The specimen in figures 5.E and
6.B with its outlying siliciclastic nucleus (sample
AG 268) shows even more striking similarities
with certain ooids documented by FREeMAN (1962,
Fig. 6, photomicrographs A and B). However, in
contrast to FREEMAN's ooids, the cortices of which
are composed of aragonite, the Argentinian coat-

ed grains were likely made of high-Mg calcite (GRra-
NIER & LAPOINTE, 2022b).

It is worth mentioning that, whereas the nuclei
of the ooids illustrated in figures 5.D-E and 6.B
(samples AG 268 and AG 269) consist of siliciclas-
tic grains, the ooid cortices never incorporated
any silt-sized quartz grains, even when present in
the matrix. This demonstrates that, unlike some
stromatolites, ooids lack the capacity to aggluti-
nate or bind such exogenous grains.

6. Conclusion

The distinctive ooids from the Maastrichtian-
Danian Yacoraite Formation in NW Argentina, as
described here, belong to a unique class of 'ec-
centric' ooids. Unlike the wobbly ooids, the exam-
ples studied here do not exhibit any micritic
bumps, and their fibrite cortical layers are not iso-
pachous. Instead, a discontinuous, anisopachous
fibrite coating and, eventually, an eccentric posi-
tion for their center of gravity are determining
factors to explain their cortical asymmetry. Be-
cause they should not be confused with 'broken’
ooids sensu stricto, 'broken and regenerated'
ooids (CaArozzi, 1961), i.e., 'broken' ooids sensu
lato, 'distorted' ooids (Caveux, 1935), half-moon
ooids (WHERRY, 1915), hiatus ooids (BErG, 1944),
spiny ooids (DAvAUD & STRASSER, 1990), or wobbly
ooids (GRANIER & LAPOINTE, 2022a), it is recom-
mended to simply categorize them as asymmetric
ooids.
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Figure 5: A-C, E) thin section AG 268: A) microfacies (the two half ooids are arrowed); B-C; broken and asymmet-
rically regenerated ooids; E) asymmetric ooid with a protruding siliciclastic nucleus (arrowed); D) thin section AG
269: bothryoid composed of a cluster of ooids, including one asymmetric ooid with its off-center siliciclastic nucleus
(arrowed); F) thin section AG 351: ooid with an asymmetric cortex at the center of the photomicrograph; G) thin
section ARA 351: ooid with an asymmetric, non-continuous cortex. A-E: Road 47 from Coronel Moldes to Puente Di-
que Cabra Corral, Province of Salta; F-G: south of Palma Sola, Province of Jujuy. A) scale bar = 1 mm; B-F) scale

bar = 250 pm; G) scale bar = 100 pm.
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silica minerals
(? biotite)

Figure 6: A-B) thin section AG 268, Road 47 from Coronel Moldes to Puente Dique Cabra Corral, Province of Salta:
A) following the ooid breakage, growth of the regenerated cortex is restricted to a part of the fracture plane, one
edge and the convex part, see Fig. 5.B; B) the center of mass of the ooid is likely the protruding siliciclastic nucleus
controling the upward growth of the cortex, see Fig. 5.E; C) cauliflower-like developments on the outermost cortical
layers, thin section ARA 351, south of Palma Sola, Province of Jujuy, see Fig. 5.G. Scale bar for all photomicrographs
= 500 pm.

Bibliographic references ConsoLE GonELLa C.A., GRIFFIN M., CIONE A., Goul-

. . . RIC CavAaLLl S. & AcefoLaza F.G. (2012).- Pa-
BERG G. (1944).- Vergleichende Petrographie ooli- leontologia de la Formacion Yacoraite (Maas-
thischer Eisenerze.- Archiv fiir Lagerstéttenfor- g : I
trichtiano-Daniano) en el ambito de la Sub-
schung, Berlin, Heft 76, p. 7-128 (6 PlIs.). richt I ) ! Y

; g L, cuenca de Tres Cruces, Cordillera Oriental de
Carozz1 A.V. (1961).- Oolithes remaniees, brisées la provincia de Jujuy, Argentina.- Relatorio de
et régénérées dans le Mississippien des chai-

. la XIII Reunién Argentina de Sedimentologia
nes frontales, Alberta Central, Canada.- Archi- (16-19 de mayo de 2012), Salta, p. 45-56.

ves des Sciences, Geneve, vol. 14, no. 2, p.  puyaup R.L. & STRASSER A. (1990).- Spiny ooids:

281-296. - .
- . Earl b | def t d to lat
CAYEux L. (1935).- Les roches sédimentaires de bilr—iglsucoira]‘?:aactioeno_rn;;aegﬂg;s onopuc:(str f)(::aoe
France. Roches carbonatées.- Masson & Cie, el ! !
. vol. 18, no. 9, p. 816-819.
Paris, 447 p.

81



Fok R.L. (1974).- The natural history of crystal-
line calcium carbonate: Effect of magnesium
content and salinity.- Journal of Sedimentary
Petrology, Tulsa - OK, vol. 44, no. 1, p. 40-53.

FREIRE E.B. (2012, unpublished).- Caracterizacao
estratigrafica em alta resolugdo das sequéncias
calcarias de origem microbiana do intervalo
paleocénico da Formacdo Yacoraite (Sequéncia
Balbuena IV) na regido de Salta - Argentina.-
MSc Dissertagao, UFRJ, Rio de Janeiro, 243 p.

FReeMAN T. (1962).- Quiet water oolites from La-
guna Madre, Texas.- Journal of Sedimentary
Petrology, Tulsa - OK, vol. 32, no. 3, p. 475-
483.

Gasiewicz A. (1984a).- Gornojurajskie ooidy o
niewspoétsrodkowych powtokach.- Kwartalnik
Geologiczny, Bitgoraj, t. 28, no. 1, p. 93-106.

Gasiewicz A. (1984b).- Eccentric ooids.- Neues
Jahrbuch fiir Geologie und Paldontologie, Mo-
natshefte, Stuttgart, Heft 4, p. 204-211.

GRANIER B. (2020).- The biosignature of sparite
permits the distinction between gravitational
cement and endostromatolites.- Carnets Geol.,
Madrid, vol. 20, no. 20, p. 407-419. DOI:
10.2110/carnets.2020.2020

GRANIER B.R.C., KeEnDALL Ch.G.St.C. & VACHARD D.
(2022).- The KaLkowsky Project - Chapter IV.
Case study of the Happy Spraberry oil reser-
voirs in NW Texas (with a micropaleontologic
and biostratigraphic supplement): Collapsed
molds should not be treated as a category of
distorted ooids.- Carnets Geol., Madrid, vol.
22, no. 8, p. 311-332. DOI: 10.2110/carnets.
2022.2208

GRANIER B.R.C. & KeNDALL Ch.G.St.C. (2022).- Dis-
cussion of LAva et al. (2021), Dissolution of
ooids in seawater-derived fluids - an example
from Lower Permian re-sedimented carbon-
ates, West Texas, USA [Sedimentology 68(6),
2671-2706].- Carnets Geol., Madrid, vol. 22,
no. 10, p. 395-408. DOI: 10.2110/carnets.
2022.2210

GRrRANIER B.R.C. & LaAPOINTE Ph. (2021).- The KAL-
KOWsKY Project - Chapter I. Ooid - stromatoid
relationship in a stromatolite from the Maiz
Gordo Fm (Argentina).- Carnets Geol., Madrid,
vol. 21, no. 9, p. 193-201. DOI: 10.2110/
carnets.2021.2109

GRANIER B.R.C. & LAPOINTE Ph. (2022a).- The KAL-
KOwsKy Project - Chapter II. Wobbly ooids in a
stromatolite from the Yacoraite Formation (Ar-
gentina).- Carnets Geol., Madrid, vol. 22, no. 3,
p. 111-117. DOI: 10.2110/carnets.2022.2203

GRANIER B.R.C. & LAPOINTE Ph. (2022b).- The KAL-
KOWsKY Project - Chapter III. Significance of
primary radial fabrics associated with ancient
partly leached or recrystallized -calcareous
ooids.- Carnets Geol., Madrid, vol. 22, no. 5,
p. 149-160. DOI: 10.2110/carnets.2022.2205

KaLkowsky E. (1908).- 3. Oolith und stromatolith
im norddeutschen Buntsandstein.- Zeitschrift
der deutschen geologischen Gesellschaft, Ber-
lin, Band 60, Heft I, p. 68-125 (Pls. IV-XI).
URL: https://archive.org/details/zeitschriftderd
601908deut

MARQUILLAS R.A., PapPA C. del & Saeino I.F. (2005).-
Sedimentary aspects and paleoenvironmental
evolution of a rift basin: Salta Group (Creta-
ceous-Paleogene), northwestern Argentina.-In-
ternational Journal of Earth Sciences (Geologi-
sche Rundschau), vol. 94, p. 94-113.

MoRreNo J. (1970).- Estratigrafia y paleogeografia
del Cretacico Superior en la cuenca del norte
argentino, con especial menciéon de los Sub-
grupos Balbuena y Santa Barbara.- Revista de
la Asociacion Geolégica Argentina, Buenos Ai-
res, vol. 25, no. 1, p. 9-44.

WHERRY E.T. (1915).- A peculiar oolite from Beth-
lehem, Pennsylvania.- Proceedings of The
United States National Museum, Washington -
DC, vol. 49 (1916), p. 153-156 (PIs. 40-41).
URL: https://www.biodiversitylibrary.org/page/
15692240

82



	The Kalkowsky Project - Chapter V. Asymmetric ooids from the Yacoraite Formation (Argent
	1. Introduction

	2. Material and general setting
	3. Descriptions of samples ARA 268, ARA 269, and ARA 351
	4. Descriptions of some ooids and bothryoids from thin sections AG 268, AG 269, AG 351, and ARA 351
	5. Discussion
	6. Conclusion
	Bibliographic references

