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ABSTRACT - In the last 40 years, successive revisions have been introduced to the lithostratigraphy of the Late Cretaceous of the 
Norte Basin, whose record is formed by predominantly siliciclastic continental fossiliferous sedimentary rocks. A factor that 
contributed to the terminology proliferation was the misplaced importance attributed to the epigenetic processes and products 
(calcretes and ferricretes, occasionally fossiliferous) affecting those siliciclastic rocks. Based on field work and lithological logs from 
a number of key areas, the validity of the original stratigraphic column showing, from base to top, the Guichón, Mercedes, Asencio 
and Queguay formations is supported. For those particular units, the lithostratigraphic scope given by the original definitions is 
correct and, with minimum adjustments, they should be restored for their practical usefulness as geological mapping units. An 
evolutionary scheme for the Late Cretaceous of the Norte Basin is herein presented, with the aim of contributing to a greater 
understanding of the succession of sedimentary and epigenetic processes. A Maastrichtian age is proposed for the carbonatic 
cementation and/or substitution that affected the Mercedes and Asencio formations, thus originating the Queguay Formation, based on 
absolute age of the calcite cement  (~ 72 Ma; U-Pb), paleontological data, and the correlation established with similar events recorded in 
the Marília Formation in the Bauru Basin (Brazil).  
Keywords: Late Cretaceous, lithostratigraphy, calcretes, Norte Basin. 
 
RESUMO - Nos últimos 40 anos foram apresentadas sucessivas revisões da litoestratigrafia do Cretáceo Superior da Bacia do Norte, 
Uruguai, cujo registro é constituído predominantemente por rochas sedimentares continentais fossilíferas. Um fator que contribuiu 
para a proliferação de denominações litoestratigráficas foi a equivocada importância atribuída aos processos e produtos epigenéticos 
(calcretes e ferricretes, ocasionalmente fossilíferos) que afetaram as rochas siliciclásticas. Com base em trabalhos de campo e perfis 
litológicos de áreas-chave, confirmamos a validade da coluna estratigráfica originalmente proposta, da base para o topo composta 
pelas formações Guichón, Mercedes, Asencio and Queguay. Estas formações, com pequenos ajustes em relação à definição original, 
são úteis como unidades para fins de mapeamento. Um esquema evolutivo para o Cretáceo superior da Bacia do Norte é proposto 
com o objetivo de contribuir para o entendimento da sucessão de eventos sedimentares e epigenéticos. Com base na datação absoluta 
do cimento calcítico (~ 72 Ma; U-Pb), em dados paleontológicos e na correlação com eventos similares registrados na Formação 
Marília da Bacia Bauru no Brasil, é atribuída idade maastrichtiana para a cimentação e/ou substituição carbonática que afetou as 
formações Mercedes e Asencio, assim originando a Formação Queguay. 
Palavras-chave: Cretáceo Superior, Litoestratigrafia, calcretes, Bacia Norte 

INTRODUCTION 
The opening of the Atlantic Ocean resulted in 

the splitting of Western Gondwana, with 
tectonic processes developing new basins at the 
eastern margin of the South American Platform 
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(Almeida et al., 2000; Schobbenhaus & Brito 
Neves, 2003) and the sedimentation 
characteristics changing to a great extent. 
Particularly during the Late Cretaceous, the new 
tectonic and depositional scenarios favored the 
accumulation of continental sediments 
unconformably overlying the Early Cretaceous 
basaltic areas formed within the old domains of 
the Paleozoic Paraná and Chaco-Paraná basins 
(Figure 1).  

This situation promoted the development of 
clastic and fossiliferous alluvial, fluvial, 
lacustrine, and aeolian depositional systems 
(Fernandes & Coimbra, 1996), greatly 
influenced by a regional west-southwest 
trending flow that transported sediments down 
paleoslope from the Paleo Paraná-Plata systems 
to the Salado and Punta del Este basins (Potter, 

1997). The most notorious characteristics of 
these basins are the total replacement of the 
Late Cretaceous host rocks by carbonate, the 
local but intense silica diagenesis, and the 
existence of pedogenetic processes, resulting in 
various types of calcrete, ferricrete and silcrete 
deposits. 

The origin, source, age, and extent of these 
diagenetic and pedogenetic processes, along 
with their lithostratigraphic arrangement and 
their relationship with the fossil content of the 
host rocks, have been under much scrutiny (e.g. 
in Uruguay: Frenguelli, 1930; Walther, 1930; 
Lambert. 1939, 1940; Goso & Bossi, 1966; 
Sprechmann et al., 1981; in Brazil: Setzer, 
1948; Almeida & Barbosa, 1953; Suguio & 
Barcelos 1983; in Argentina: Herbst, 1980; 
Tófalo, 1986). 

 
Figure 1 - Schematic distribution of the Late Cretaceous sedimentary record in the Paraná and Chaco-Paraná, and 
lithostratigraphic correlation at regional scale (source: Fúlfaro et al., 1997; Chebli et al., 1989; Goso & Perea, 2003; 
Tófalo et al., 2001). 
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In the Uruguayan portion of the Paraná Basin 
(known as “Norte Basin”), Late Cretaceous 
sedimentary rocks are located in its western 
region (Figure 2) and special attention has been 
paid to the origin and preservation of carbonate 
sedimentary rocks and to the biostratigraphic 
and paleoecologic significance of the fossil 
record. Consequently, a considerable number of 

scientific contributions discuss the 
pedogenetic/diagenetic schemes concerning the 
formation of calcretes in the Mercedes, Asencio 
and Queguay formations (Tófalo, 1986; 
Veroslavsky & Martínez, 1996; Veroslavsky et 
al., 1997; Tófalo et al., 2001; Tófalo & Morras, 
2009; Tófalo & Pazos, 2010; Alonso-Zarza et al., 
2012; Martínez et al., 2015; Cabrera et al., 2018). 

 
Figure 2 - Simplified geological map showing the distribution of the Late Cretaceous sedimentary rocks in the Norte 
Basin (modified from Preciozzi et al., 1985; Veroslavsky & de Santa Ana, 2004). 
 

Based on extensive field work in key areas, 
fundamental contributions on paleontological 
aspects of the Queguay Formation, and the 
results of experimental radiometric (U-Pb) 
dating of early diagenetic carbonate phases, in 
this paper we review the lithostratigraphy of the 
Late Cretaceous in the Norte Basin of Uruguay, 

within the framework of the paleogeographic 
context given by the Bauru Basin and the 
Argentinean Mesopotamia.  

Furthermore, we discuss the epigenetic 
mechanisms that altered the Late Cretaceous 
sediments and the biostratigraphic significance 
of their fossil content. 
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GEOLOGICAL SETTING 
The Late Cretaceous record of the Paraná and 

Chaco-Paraná basins comprises continental 
sediments up to 500m thick in Brazil (Bauru 
Basin) and 250m thick in Uruguay (Norte 
Basin). In both basins, the presence of different 
types of paleosols and weathering profiles 
shows the evolution of the sedimentary systems 
under arid-to semi-arid conditions, a variable 
paleotopography, and fluctuating local and 
regional moisture regimes. 

The Brazilian continental Bauru Basin is 
located in the southeast and southern region of the 
country (Figure 1), covering an area of 350,000 
km2 (Fúlfaro & Perinotto, 1996), reaching 
Northeastern Paraguay (Fúlfaro 1996). It is mostly 
filled with a clastic continental succession 
(Menegazzo et al., 2016).  The Bauru Basin 
contains the Caiuá and Bauru groups (Fernandes 
& Coimbra 1996, 2000; Fúlfaro & Perinotto, 
1996; Paula & Silva et al., 2005; Fernandes, 2010; 
Batezelli, 2010, 2015). The Marília Formation is 
of particular interest to this study, as it represents 
the uppermost sedimentary record of the Bauru 
Group (Figure 1).  

According to Menegazzo et al. (2016), it 
consists of fining-upward cycles including matrix-
supported conglomerates with intra- and extra-
formational clasts, fine to very coarse sandstones 
(massive, cross-stratified, or ripple cross-
laminated), and rare mudstones. Calcrete 
structures are quite common (laminar, prismatic, 
or massive horizons), with abundant carbonate 
nodules (vertical elongated, branched, or with 
irregular shape), horizontal cracks, and 
rhizoconcretions. The Marília Formation is 
divided into three members: Ponte Alta, Serra da 
Galga, and Echaporã (Barcelos, 1984; Barcelos & 
Suguio 1987).  

The Ponte Alta and Echaporã members have 
calcretes and sandstones with abundant 
carbonate cement. Furthermore, commercial 
limestone deposits – calcretes – occur in the 
Ponta Alta Member (Fúlfaro et al., 1997). As for 
its paleontological data, the most noticeable 
aspect is the rich-fossil reptilian assemblage of 
the Marília Formation, which was dated as 
Maastrichtian by means of vertebrate fossils 
(Santucci & Bertini, 2001) as well as other 
fossils and paleomagnetic data (Dal’ Bó & 
Ladeira, 2006; Da Silva et al., 2017). 

In the Argentinean Mesopotamia, there are 

calcretes in the Cretaceous siliciclastic 
sandstones and conglomerate successions 
exposed along the right margin of the Uruguay 
River (Tófalo & Pazos, 2002). These rocks 
correspond to the Puerto Yeruá Formation (De 
Alba & Serra, 1959), and their facies and 
calcrete types were first described and 
interpreted by Tófalo (1986).  

Northwards, the “calcareous sedimentites” 
from the Corrientes Province were described by 
Herbst (1980) as two lithostratigraphic units: 
part of them were included in the Pay Ubre 
Formation (Late Cretaceous, correlated with the 
Uruguayan Mercedes Formation), and the 
remainder, in the Fray Bentos Formation 
(Oligocene, correlated with the homonymous 
Uruguayan unit).  

In Uruguay, the sedimentary infill of the 
Norte Basin (Figure 2) is divided into four 
lithostratigraphic units: Guichón, Mercedes, 
Asencio, and Queguay formations (Figure 3). 
The Guichón Formation (Bossi, 1966 = Guichón 
sandstones Lambert, 1940) consists of around 
200m of medium-to-fine grained ortho-
conglomerates that grade down into coarse to 
medium grained sandstones and pelites, 
deposited in a proximal braided fluvial system 
(Goso & Perea, 2003).  

Sandstones are locally bioturbated, and 
generally show massive and/or cross-bedding 
structures. Mudstones are scarce, but when 
present they are thin and massive, depicting 
ephemeral lakes and short flooding episodes. At 
the top of the Guichón Formation, there are 
aeolian deposits (Riccardi, 1998; Tófalo & Pazos, 
2010). This unit unconformably overlies Early 
Cretaceous basalts, with its deposition controlled 
by pre-existing Precambrian basement NE-SW 
structures. 

The Mercedes Formation (Bossi, 1966 = 
Mercedes sandstones, Serra, 1945) mostly and 
unconformably overlies the Guichón Formation 
and at times locally Cretaceous basalts, and it is 
covered by the Asencio Formation 
(Maastrichtian). It consists of several fining-
upward fluvial cycles of matrix- and clast-
supported conglomerates, including intra- and 
extra-formational clasts, conglomeratic 
sandstones, coarse to fine-grained sandstones with 
massive and cross-stratification, and rare 
mudstones (Tófalo & Pazos, 2001). 
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Figure 3 - Lithostratigraphic units of the Late Cretaceous record in the Norte Basin. From base to top: A) Guichón - Mercedes 
Formation contact at the “Meseta de Artigas” site; B) Outcrop near Soto creek (route 26). Basal Mercedes Formation: fluvial 
channel and bar sequences with interbedded paleosols; C) Mercedes sandstones with abundant carbonatic cement at the 
Queguay river site (route 3); D) Mercedes fluvial sandstones near the village of Guichón; E) Asencio fine whitish/off-white 
sandstones with the ferriferous columns in the Asencio Formation type area (route 12 / Dacá creek); F) Discontinuous 
ferruginous crust developing along the contact Asencio – Fray Bentos Formation (UTM X = 398479, Y = 6306094; G) 
General view of non-pedogenic groundwater calcretes in a limestone mining front (Queguay quarry); H) Relicts of the host 
rocks (coarse-to-medium sandstones) preserved during the calcretization processes; I) and J) Close-up view of different types 
of silcretized calcretes.  
 

A maximum thickness of around 100 m of 
sandstones was identified in subsurface, and 
interpreted as stacked fluvial channels generated 

in braided to distal-braided low-sinuosity systems 
(Chebli et al., 1989; Goso & Perea, 2003). Beds 
with carbonate cement in siliciclastic sandstones, 
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intercalated with limestone levels, sometimes 
highly affected by very early diagenetic 
silicification, are common. The fossil content 
includes freshwater and terrestrial gastropods, 
Neosauropoda eggshells, rizoliths, and 
ichnofossils (Table 1) (see Cabrera et al., 2018 
and references therein). 

The original description of the Asencio 
Formation (Bossi, 1966 = Asencio sandstones, 
Caorsi & Goñi, 1958 = sandstones with dinosaurs, 
Serra, 1945) mentioned around 40 m of “very 
homogeneous pale pink to white fine-grained 
sandstones with variable matrix (clay) content 
and carbonate cement” overlying the Mercedes 
Formation and the Precambrian granites. The 
Asencio Formation represents highly sinuous low-
energy meandering systems, including thin 
heterolithic units in the uppermost part, interpreted 
as splay deposits recording reworking and 
accumulation of sediments.  

At the top of the unit, weathering zones and 
paleosols (e.g., ferricretes, laterites) were deve-
loped, overprinting – and, in many cases, masking 
- the original sedimentary features. Ferruginous 
sandstones and all the Fe-rich paleosols and Fe-
duricrusts were grouped by Caorsi & Goñi (1958) 
into the “del Palacio facies”, lithologies later 
included by Bossi (1966) in the del Palacio 
Member (= del Palacio sandstones, Walther, 
1919) of the Asencio Formation. Bossi (1966) 
stated that due to its scarce development, little 
thickness, and discontinuous character, it is not 
possible to map the del Palacio Member. This 
author also defined the Yapeyú Member, thus 
grouping together the remainder of the fine-white 
and homogenous sandstones of the Asencio 
Formation. Furthermore, the Algorta Member was 
established by Preciozzi et al. (1985) to include 
the highly carbonate cemented sandstones of the 
Asencio Formation, and its silicified-fossiliferous 
limestone levels.  

Other descriptions – different from the original 
definition - of the Asencio Formation included 
duricrusts, laterites, ferricretes, or paleosols 
overprinting a fluvial sandstone host (Morrás et 
al., 2010). Goso (1999) defined a single unit 
which he called the Mercedes-Asencio Formation 
and, subsequently, Goso & Perea (2003) proposed 
to abandon the Asencio denomination, 
considering the Mercedes Formation as integrated 
by the del Chileno, Yapeyú and del Palacio 
members. Ford & Gancio (1989a, 1989b) 
proposed to restrict the name of Asencio 

Formation to the Yapeyú Member, defined by 
Bossi (1966), and provisionally defined the 
Palmitas Formation, a new stratigraphic unit of 
intense reddish color, composed of conglomerates 
of purported fluvial origin, developed from the 
erosion of ferralitic soils that contain fossil insect 
nests, and tentatively assigned it to the early 
Cenozoic.  

Later on, Pazos et al. (1998) limited the name 
of Asencio Formation to the del Palacio Member, 
as they found a regional unconformity which they 
named as the Yapeyú paleosurface. More recently, 
Alonzo Zarza et al. (2011) modified the original 
definition of the Asencio Formation, including 
under this name only the ferruginous levels of the 
Palacio Member and some putative Paleogene 
continental deposits. Regarding the fossil content, 
Titanosaurs were mentioned by several authors 
(see Table I) as found in the uppermost levels of 
the Asencio Formation, where weathering profiles 
occur (Huene, 1929; Walther, 1933; Mones, 1980, 
Perea & Martínez, 1985). 

The Queguay Formation (del Queguay 
Limestones, Lambert, 1940) was formally 
established by Goso & Bossi (1966) to include the 
limestones, sandstones and conglomerate 
sandstones with carbonate cements that occur 
along the valley of the Queguay River, reaching a 
maximum thickness of 25m (Figure 2).  

Sometimes the carbonates of the host rock are 
replaced by silica. When the replacement is 
significant, it generates cherts and opaline that can 
be found in outcrops and subsurface levels as 
lenticular beds or irregular bodies. Initially 
considered as lacustrine deposits (Lambert, 1940; 
Serra, 1945; Bossi, 1966; Sprechmann et al., 
1981), the origin of the Queguay limestones has 
been a matter of debate during the past decades. 
Based on the similarity of the Queguay limestones 
with those of the Puerto Yeruá Formation, Tófalo 
(1986) suggested that they were formed by the 
rise to the near surface of lateral and capillary 
waters from the saturated level. 

According to Veroslavsky et al. (1997), 
Queguay limestones were originated during the 
Paleogene as the result of groundwater discharge 
from a large regional flow system controlled by 
pre-existing structures (the Queguay Lineament, 
see Figure 2), that raised the phreatic level and 
favored degassing, evaporation, and evapotrans-
piration processes. Tófalo & Pazos (2010) 
described two carbonate rocks in the Queguay 
Formation: calcretes and palustrine carbonates. 
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Table 1- Fossil record of the Late Cretaceous in the Norte Basin. Huene, 1929 (1), 1934 (2); Frenguelli, 1930 (3); Walther, 
1930 (4); Rusconi, 1933 (5); Roselli, 1939 (6), 1987 (7); Parodiz, 1969 (8); Mones, 1980 (9); Morton & Herbst, 1993(10); 
Mones, 1997 (11); Martínez et al., 2001 (12); Genise & Verde, 2000 (13); Perea et al., 2009 (14); Alonso-Zarza et al., 2011 
(15); Soto et al., 2011a (16), 2011b (17); Verde, 2012 (18); Cabrera & Martínez, 2012 (19), 2017(20); Cabrera et al., 2016 
(21), 2018 (22). 
Formation Stratigraphic 

position Fossil Localities 

 
 
 
 
 
Queguay 

 
 

Several 
levels of the unit 

 
 
-calcretes, 
calcretes/silcretes, 
sandstones with 
abundant calcite 
cement 

 

Biomphalaria walteri (4,8) 
Biomphalaria reversa(21) 
Succineidae indet.(10) 
Pupoides (Ischnopupoides) gnocco(20) 
Bulimulus klappenbachi (3,8) 
Bahiensis priscus (19) 
Eoborus charruanus (15) 
Ostracoda (12) 
Neosauropoda eggshells Sphaerovum erbeni (9) 
Characean gyrogonites (12) 
Celtis santosi endocarps (22) 
Wood (15) 
Rhizoliths (12) 
Celliforma isp. (12) 
Fictovichnus isp. (18, 15) 

quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
Near theintersection of Route 90 with Route 25, PayD* 
quarry in Quebracho Ville, PayD** 
quarry in Quebracho Ville, PayD* 
Near the intersection of Route 90 with Route 25, PayD* 
quarry in Quebracho Ville, PayD* 
quarry in Quebracho Ville, PayD* 
All Queguay 

 
 
 
 
 
 
Asencio 

Top of the 
unit 

(ferruginousos 
sandstones and 
paleosols) 
Several levels of 

the unit 
-fine sandstones; 
sandstones with 
abundant calcite 
cement; and 
calcretes/silcretes 

Uruguay isp. (6, 18) 
Teisseirei isp.(6, 18) 
Corimbatichnus isp. (13, 18) 
Elipsoideichnus isp. (7, 18) 
Palmiraichnus isp. (7, 18) 
Rebuffoichnus isp. (7, 18) 
Coprinisphaera isp. (6, 18) 
Monesichnus isp. (7, 18) 

FloD, ColD, SorD and DurD 
ColD, SorD and DurD 
ColD, SorD and DurD 
ColD and SorD 
ColD, SorD and DurD 
ColD and SorD 
FloD, ColD, SorD and DurD 
ColD, SorD and DurD 

Biomphalaria walteri (21) 
Biomphalaria reversa (21) 
Bulimulus klappenbachi (22) 
Ostracoda (22) 
Neosauropoda eggshells Sphaerovm erbeni (22) 
Characean gyrogonites (22) 
Rhizoliths (22) 
Titanosauria g. et. sp. indet. (1) 

local road near Trinidad City's Hippodrome, FloD* 
local road near Trinidad City's Hippodrome, FloD* 
local road near Trinidad City's Hippodrome, FloD* 
local road near Trinidad City's Hippodrome, FloD* 
local road near Trinidad City's Hippodrome, FloD* 
local road near Trinidad City's Hippodrome, FloD* 
local road near Trinidad City's Hippodrome, FloD* 
near Palmitas Town, SorD 

Mercedes 

 
Middle and top 

the unit 
 

(sandstones and 
conglomerate 
sandstones; 

sandstones with 
abundant calcite 

cement; and 
calcretes) 

Biomphalaria walteri (10, 21) 
quarry in Caja Bancaria Logging, PayD*; 
quarry in Route 25 near Algorta Town, RíoD; 
shore of Palmar Lake, SorD* 

Biomphalaria reversa (10,21) 
quarry in Caja Bancaria Logging, PayD*; 
quarry in Route 25 nearby Algorta Town, RíoD;  
shore of Palmar Lake, SorD* 

Physa sp. (10, 22) 
quarry in Caja Bancaria Logging, PayD*;  
quarry in Route 25 nearby Algorta Town, RíoD* 
shore of Palmar Lake, SorD* 

Succineidae indet. (10, 22) 
quarry in Caja Bancaria Logging, PayD*;  
quarry in Route 25 nearby Algorta Town, RíoD* 
shore of Palmar Lake, Soriano Department* 

Pupoides (Ischnopupoides) gnocco (10,20) 
quarry in Caja Bancaria Logging, PayD* 
quarry in Route 25 nearby Algorta Town, RíoD* 
shore of Palmar Lake, SorD* 

Bulimulus klappenbachi (10,22) quarry in Caja Bancaria Logging, PayD* 
quarry in Route 25 nearby Algorta Town, RíoD* 

Bahiensis priscus (22) quarry in Caja Bancaria Logging, PayD * 
Eoborus charruanus (22) quarry in Route 25 nearby Algorta Town, RíoD* 

Ostracoda (12,22) quarry in Caja Bancaria Logging, PayD* 
shore of Palmar Lake, SorD* 

Titanosauria g. et sp. indet. (14) FlorD. 

Neosauropoda eggshells Sphaerovm erbeni (9, 15) quarry in Caja Bancaria Logging, PayD* 
near Palmitas Town and shore of Palmar Lake, SorD* 

Characean gyrogonites (22) 
quarry in Caja Bancaria Logging, PayD* 
shore of Palmar Lake, SorD* 
quarry in Route 25 nearby Algorta Town, RíoD* 

Celtissantosiendocarps (12,22) quarry in Caja Bancaria Logging, PayD*  
shore of Palmar Lake, SorD* 

Rhizoliths (15,18) quarry in Caja Bancaria Logging, PayD* 
quarry in Route 25 nearby Algorta Town, RíoN* 
shore of Palmar Lake, SorD* 

Celliforma isp. (15,18) quarry in Caja Bancaria Logging, PayD,  
shore of Palmar Lake, SorD 

Pallichnus isp. (15,18) quarry in Caja Bancaria Logging, PayD 
Rosellichnus isp. (15,18) quarry in Caja Bancaria Logging, PayD 

Guichón 

 Saltasauridae g. et .sp. indet. (2,16) 
Uruguaysuchus aznarezi (5,17) 
Sphaerovum sp. (18) 
Iguanodontia g. et sp. indet. (2, 16) 
Theropoda  g. et sp. Indet. (2, 16) 
Sebecosuchia g.et sp. indet. (11) 

20 km of Quebracho Ville, PayD 
Near Guichón City, PayD 
20 km of Quebracho Ville, PayD 
20 km of Quebracho Ville, PayD 
20 km of Quebracho Ville, PayD 
20 km of Quebracho Ville, PayD 
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Medina et al. (1978) demonstrated the presence 
of palygorskite associated with the limestones and 
siliciclastic limestones of the Queguay Formation 
in the type area.  

Recently, Cabrera et al. (2018) proposed a Late 
Cretaceous age for the Queguay Formation, based 
on the ubiquitous presence of Neosauropoda 
eggshells (Sphaerovum erbeni). 

METHODOLOGY 
Extensive field work was conducted to define 

the relationships among the Mercedes, Asencio, 
and Queguay formations, including those 
outcrops where earlier authors observed 
arguable stratigraphic boundaries (Ford & 
Gancio, 1989a, b; Tófalo & Pazos, 2010; 
Alonso-Zarza et al., 2011). The position of the 
fossil assemblages described by Cabrera (2015) 
was verified as well. 

The stratigraphy of the key sites was 
described, logged, and photographed. Detailed 
cross-sections and geological maps at 1:50.000 
and 1:20.000 scales were performed in two key 
and contiguous quarries, the Queguay quarry 
(ANCAP, National Administration of Fuels, 
Alcohol and Portland) and the neighboring 
White quarry. Representative samples were 
collected at the Queguay quarry for thin section, 
mineralogy, and U-Pb geochronology.   

Petrographic analyses were performed on 10 
thin sections. The samples were partially stained 
with alizarin Red S to identify calcite and 
dolomite, and impregnated with blue epoxy for 
porosity assessments. Samples of carbonates 
were obtained using a Dremel microdrill at low 
rpms. Each sample was microdrilled under a 
magnifying glass to avoid visible clay 
concentrations and other types of 

contamination. 
X-Ray Diffraction analyses (n=10, Queguay 

quarry) were performed using a Rigaku 
Geigerflex Power Diffractometer with a Co tube 
and a graphite monochromator and routine 
search/match procedures of diffraction patterns 
using the JCPDS database. 

A detailed U-Pb record (8 whole rock 
samples) was obtained from a measured 
stratigraphic section. Rock samples were 
collected at 1m intervals.  

The carbonate powders were weighed in an 
ultra-clean room using a UMT2 microbalance 
and, once transferred to acid-washed Teflon 
digestion vessels, they were dissolved in 6.2N 
HCl at 80oC for 48 hours. A measured amount 
of 205Pb/235U tracer solution (7.55mg) was 
added to the acid mixture prior to digestion. 
Uranium and lead were purified using an HBr 
chromatography procedure (Heaman, 1989).  

The purified uranium and lead were loaded 
onto out-gassed Re-filaments in a mixture of 
silica gel and phosphoric acid. Their isotopic 
compositions were determined on a VG354 
thermal ionization mass spectrometer (TIMS) at 
the University of Alberta using a Daly 
photomultiplier (analogue) detector mode. All 
errors are reported at the 2σ level. 

RESULTS 
The results firstly show the regional 

stratigraphic sections of the Norte Basin in 
general and, secondly, focus specifically on the 
key section of the Queguay quarry (geological 
map, facies profiles, mineralogy, absolute age, 
and fossiliferous content), representative of the 
Queguay Formation type area. 
Stratigraphic sections 

A summary of the lithostratigraphic 
relationships of the Late Cretaceous record in 
the Norte Basin across different outcrops and 
key profiles is shown in Figure 4 and, 
additionally, a representative geological section 
of the stratigraphic relations between the 
Mercedes and Queguay formations in the type 
area was elaborated (Figure 5). Figure 2 shows 
that the Queguay Formation, as defined by Goso 
& Bossi (1966), is developed exclusively on the 

valley of the Queguay River, partially controlled 
by the homonymous structural lineament, where 
it exhibits thicknesses that average 10 - 15 m 
and a remarkable lateral continuity (Figures 4 
and 5).  

The limestones and siliciclastic limestones of 
the Queguay Formation show a transitional to 
abrupt lateral passage with the sandstones and 
conglomeratic sandstones of the Mercedes 
Formation, and its top is unconformably 
overlain by the Fray Bentos Formation of 
middle - late Oligocene age (Figure 6). In 
general, limestones offer greater resistance to 
erosion than the surrounding sedimentary rocks, 
so they control the highest relief in the region. 
The distribution of the Mercedes–Asencio pair 
is strongly controlled by the Queguay 
Lineament. While absent in the northern side of 
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the lineament, the pair shows a northwestern-
depositional trend smoothly tilted towards the 
Southwest. All outcrops on key areas exhibit 
facies and facies associations consistent with the 
fluvial origin proposed by several authors 
(Chebli et al., 1989; Goso, 1999; Goso & Perea, 

2003; Tófalo et al., 2001). The concordant 
contact between the Mercedes and Asencio 
formations and their relation to the Early 
Cretaceous sediments and the basement is very 
well exposed and defined in several outcrops 
(Figure 4). 

 

 
Figure 4 - Schematic geological profiles of the Norte Basin depicting the stratigraphic relations within the Late 
Cretaceous record. A) Representative geological profile of the route 26 section; B) geological profile representative of 
Paysandú and Río Negro departments, e.g. route 90 – 25 Guichón – Piedras Coloradas; Algorta – Menafra; C) Río 
Negro (SW) and Soriano departments, e.g. route 2 Cardona – Mercedes, route 14 from Vera to Cololó creeks, D) Salto, 
Tacuarembó, Paysandú, Durazno and Flores departments, e.g. route 25, Tres Árboles-Merinos; 280 km route 5; 
Daymán river and Totoral creek sector; route 14, near Villa del Carmen, Grutas del Palacio; E) Durazno, Florida and 
Flores, Grutas de Carlos Reyles, South of Trinidad. 
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Thin levels of calcretes are found at different 
stratigraphic positions of the Mercedes–Asencio 
pair, particularly in the middle and upper 
section of the Mercedes Formation (see 
Lambert, 1940; Serra, 1945; Bossi et al., 1975; 
Veroslavsky et al., 1997).  

Those calcretes present in the Asencio 
Formation were defined as Algorta Member by 
Preciozzi et al. (1985). Additionally, some 
lateritic levels from the Asencio Formation were 
verified to be partially affected by calcretization 
processes (Figure 5). 
The Queguay quarry section 

The Queguay quarry (ANCAP property) is 
located (UTM X = 419809, Y = 6448526) very 
close to the intersection of routes 3 and 26 in the 

Paysandú Department, and the geological map 
and representative stratigraphic section of this 
region is shown in Figure 6. 
Lithofacies description 

Stratigraphic sections are shown in Figure 7. 
Lithofacies at the Queguay quarry site are white 
massive to micritic limestones with floating 
quartz sand-sized grains. The calcrete profile, 
which is developed as a single cycle within the 
sand host sediments, is around 4m thick. Most 
of the host rock has been replaced by carbonates, 
despite the fact that in some areas the calcretic 
groundmass still preserves the original sand 
texture, and relicts of the Mercedes Formation 
siliciclastic sandstones appear randomly 
throughout the section (Figure 4). 

 
Figure 5 - Example of pedogenic and diagenetic processes affecting the Asencio Formation. A) and B) General view of 
the Asencio sandstones overprinted by ferrugination and carbonation processes. C) and D) close view of A) and B) 
respectively, showing selective replacement of ferruginous sandstones by carbonates. Laminar carbonate horizons 
covering the host and generating the appearance of “laterite clasts” embedded in a carbonate matrix. E) Irregular 
contacts product of the selective replacement by carbonates. Outcrop location: UTM X = 408595, Y = 6315841 
(Soriano Department).  

 

Laminar texture in the limestones is only 
seen at the top of the section, where very thin 
horizontal to sub-horizontal layers of silica are 
found (Figure 9).  

Root traces were not found anywhere in the 
massive and even laminar calcrete horizons. 

Complete calcrete profiles are only recognized 
in few sections. XRD results indicate that 
calcite is the main carbonate, and that 
calcite+quartz+palygorskite is the only mineral 
assemblage present in all the samples at the 
Queguay quarry site (Figure 4). 
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Figure 6 - Geological map of the Queguay river valley region in Paysandú Department (modified from Preciozzi et al., 
1983; and Veroslavsky & de Santa Ana, 2004) and simplified cross-section showing the stratigraphic relations of the 
Mercedes and Queguay formations at the site of the collection of samples for geochronology and fossiliferous study. 

 

General micromorphological features 
Microscopic study supported by lithofacies 

analysis of the host rocks showed the 
occurrence of two textural classes. These are 
fine- to coarse-grained sandstones composed of 
moderately-sorted siliciclastic framework 
grains, mainly monocrystalline and 
polycrystalline quartz, floating in carbonate 
(calcite) cement. The distribution pattern of 
quartz grains might suggest that calcretization is 
responsible for the extensive replacement of the 
host matrix, displacement, and partial 
replacement of framework grains. 

Micrite forms in most of the samples, making 
up the bulk of the thin sections, which suggests 
that carbonate precipitation was relatively rapid. 
In some places, it locally aggrades to 
microsparite with sparry calcite precipitation 
around pisoids and fractures. Pisoids are not 
major components but are present in most of the 
section. They are mainly structureless or formed 
by a groundmass of detrital grains cemented by 
carbonates ranging in size from 500µm to a few 
millimeters. 

Light brown rings of micritic calcite coat 
quartz sand grains, which might indicate that 
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they were rolling while the cement was 
precipitating around the sand grain nuclei. 

As regards cementation, some samples are 
mainly composed by a simple alpha fabric, 
comprising massive, structureless, pore-filling 
micritic calcite. Calcite cement fabrics include 

also drusy mosaic and blocky cements (Figure 
7). Calcite veins cross-cut randomly, and are 
filled by sparite or microsparite, depending on 
the width of the veins. Different types of silica 
(chalcedony, opal) occur as fracture and void-
filling cements. 

 
Figure 7 - Stratigraphic profile of the Queguay Formation in the type section (Queguay quarry) and sample location. A) 
General view of the quarry; B) close-up view of partially carbonate-cemented host sandstones and, C) partially 
silcretized massive calcrete. Thin section photographs: D) quartz grains floating in micritic calcite groundmass; E) 
calcrete with development of secondary porosity infilled by sparite; F) nodular calcretes with secondary porosity 
cemented with silica; G) micritic calcretes with two generations of silica (chalcedony + quartz) and sparite infilling 
fractures. All thin sections are crossed nicols. H) XRD pattern of bulk minerals of massive calcretes (sample 140329-4). 
Mineral assemblage: calcite+quartz+palygorskite.  
 

U-Pb geochronology 
The reliability of carbonate U-Pb 

geochronology strongly depends on the quality 
of the samples (i.e., lack of significant post-
depositional alteration, suitable U and Pb 

concentrations, and lack of detrital 
contamination). Accordingly, the selection of 
whole rock carbonate samples for this study was 
mainly based on the preservation of the original 
petrographic textures and the variation of the 
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U/Pb ratios and U and Pb concentrations at 
different stratigraphic intervals. The U-Pb 
results are presented in Table 2.  

U concentrations are relatively 
homogeneous, ranging from 0.38 to 0.87 ppm, 
whereas Pb concentrations range from 0.60 to 
8.54 ppm. The Th/U values of the calcrete 
samples vary between 3.2 and 12.2 (Table 2). 
Corresponding 238U/204Pb ratios range from 3.56 
to 63.45. The 206Pb/204Pb vs. 238U/204Pb results 
are plotted in Figure 9 and display some scatter.  

Three samples (A, B, D) are collinear and 
define a 238U-206Pb isochron the slope of which 
corresponds to an age of 71.7±9.0 Ma and a 

mean square of the weighted deviates (MSWD) 
equal to 0.53. 

The initial 206Pb/204Pb ratio defined by this 
regression line is a relatively unradiogenic value 
of 17.76±0.02. If the calcrete U-Pb regression 
line is geologically meaningful then this 
unradiogenic initial Pb isotopic composition is a 
feature of the fluids that precipitated the 
carbonate. The scatter shown by the other 
samples about this regression line could reflect 
post-depositional redistribution of U and/or Pb 
(samples that plot below the line) and some 
detrital component (samples that plot above the 
line).

 

Figure 8 - White quarry (red star in Figure 6 – UTM X =418032, Y= 6447948), where the contact between the limestones 
of the Queguay Formation and the siliciclastic sandstones with abundant calcite cement is observed. At this location, insect 
nests, rhizoliths and dinosaur egg remains are found on the same stratigraphic level. Yellow star = fossil site. 
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Table 2 - U-Pb data for calcretes of the Queguay Formation at type section (see stratigraphic profile of Figure 7 for 
samples location). 

 

 
Figure 9 - U-Pb isochron diagram for calcretes of the Queguay Formation. 

DISCUSSION 
Lithostratigraphy 

According to the International Stratigraphic 
Guide “lithostratigraphic units are defined and 
recognized by observable physical features and 
not by their inferred age, the time span they 
represent, inferred geologic history, or manner 
of formation” and “the name of a stratigraphic 
unit, once applied and then abandoned, should 
not be revived except in its original sense” 

Ignorance of these simple principles is the 
basis of a long-lasting confusion about the Late 

Cretaceous units in Uruguay. Unfortunately, the 
removal of good practices in stratigraphy 
occurred despite the fact that the 
lithostratigraphic units were well defined by 
their lithologies and stratigraphic relationships 
in the pioneer geological works (e.g. Lambert, 
1939, 1940; Serra, 1945; Bossi, 1966; Goso & 
Bossi, 1966). 

The Late Cretaceous record of the Norte 
Basin exemplifies a case of stratigraphic 
discrepancies as the literature published over the 

Sample 

           Model Age 
(Ma) Isochron Plot 

U 
(ppm) 

Th 
(ppm) 

Pb 
(ppm) 

Th/U 
  

TCPb 
(pg) 

206Pb/ 
204Pb 

1s 
  

238U/ 
204Pb 

1s 
  

206Pb/ 
238U 

1s 
  

206Pb/ 
238U 

1s 
  

238U/ 
204Pb 

1s 
  

206Pb/ 
204Pb 

1s 
  

101021/A 0,42 1,47 3,30 3,48 13656 17,851 0,006 7,98 0,01 0,33707 0,02014 1872,5 96,4 7,98 0,01 17,851 0,006 

101021/B 0,86 2,74 1,47 3,18 29277 18,157 0,030 36,87 0,26 0,08129 0,00442 503,8 26,3 36,87 0,26 18,157 0,030 

101021/C 0,87 3,03 0,86 3,50 5669 18,332 0,008 63,45 0,10 0,02555 0,00294 162,7 18,4 63,45 0,10 18,332 0,008 

101021/D 0,59 7,18 1,53 12,22 3245 18,039 0,014 24,24 0,04 0,00501 0,01560 32,2 99,3 24,24 0,04 18,039 0,014 

101021/E 0,38 1,73 1,43 4,56 8905 18,392 0,009 16,85 0,02 0,02813 0,01711 178,8 106,4 16,85 0,02 18,392 0,009 

101021/F 0,59 5,41 0,60 9,19 2690 18,630 0,011 63,41 0,10 0,00271 0,03922 17,4 247,4 63,41 0,10 18,630 0,011 

101021/Ff 0,65 2,52 0,81 3,90 12348 18,543 0,008 50,72 0,15 0,02907 0,00381 184,7 23,8 50,72 0,15 18,543 0,008 

101021/G 0,49 1,76 8,54 3,60 93692 17,708 0,022 3,56 0,04 0,43749 0,05117 2339,4 225,5 3,56 0,04 17,708 0,022 
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past 30 years contains different approaches for 
the formal definition of its units. The main 
(lithostratigraphic) problem of some authors has 
been a perceived difficulty distinguishing 
between carbonates of the Queguay Formation 
and carbonates of the Mercedes and Asencio 
formations, and their significance and hierarchy 
in lithostratigraphic proposals.  

A similar situation occurs with the 
ferruginous sandstones, paleosols and duricrust 
of the Asencio Formation, where the origin, 
processes and fossiliferous content conditioned 
the different and controversial lithostratigraphic 
proposals (see Morras et al., 2010). 

In relation to carbonate cementing processes, 
by definition, the three formations represent 
continental deposits with centimetric to metric 
levels of carbonates (limestones and carbonate-
cemented sandstones) interbedded with 
siliciclastic sandstones, but while the Mercedes 
and Asencio formations (Lambert, 1939, 1940; 
Bossi et al., 1975; Preciozzi et al., 1985 and 
others) are widely distributed along the western 
part of the basin, the Queguay Formation is 
restricted to the valley of the Queguay River 
(Goso & Bossi, 1966).  

This implies that all other Late Cretaceous 
carbonates that occur beyond this region should 
be assigned as being either a component of the 
Mercedes or Asencio formations (Bossi et al., 
1975; Preciozzi et al., 1985).  

The other issue is that the fossiliferous 
content, origin and age of the calcretization 
event have been used to modify the primary 
definition of the units. Taking all these facts into 
account, a review of the evolution of the 
stratigraphic terminology is needed, in order to 
gain a better understanding of the issues and 
misleading conclusions regarding the study of 
the Late Cretaceous record of the Norte Basin. 

Since the initial reports describing 
Uruguayan geology (e.g. Walther, 1919, 1930, 
1933; Heune, 1929; Frenguelli, 1930), the 
presence of abundant carbonate cement and 
limestone layers interbedded with the 
“sandstones with dinosaurs” (now Mercedes and 
Asencio formations) has been recognized.  

More recently, Bossi et al. (1975) observed 
that several calcareous lenses and sandy 
limestones were present at different 
stratigraphic levels in the Mercedes Formation. 
Additionally, Preciozzi et al. (1985) identified 
the calcareous lithologies of the Asencio 

Formation and grouped them into the Algorta 
Member.  

Goso (1999) and Goso & Perea (2003) 
proposed to disregard the Asencio Formation, 
transferring its lithologies to the Mercedes 
Formation and consequently redefining the unit. 
In this regard, we believe that it is meaningful to 
preserve the Mercedes and Asencio formations 
in the stratigraphy of the Norte Basin because 
their lithologies and stratigraphic boundaries are 
clearly recognizable and mappable, as seen in 
all published geological cartography of Uruguay 
(Bossi et al. 1975; Preciozzi et al. 1985; Ford, 
1998; Ford & Gancio, 1989a, b; Bossi & 
Ferrando 2001).  

Moreover, the differences among the 
Mercedes, Asencio, and Queguay formations 
have economic implications in the field of 
mineral and groundwater exploration. 
Furthermore, the Mercedes Formation is the 
main aquifer in the Western region of Uruguay, 
while the Asencio Formation has a low potential 
aquifer or an aquitard behavior (Montaño et al. 
2004).  

The Queguay Formation is the only example 
of sedimentary rocks used for lime and cement 
production in the country. 

On the other hand, new stratigraphic 
definitions for the Asencio and Queguay 
formations were proposed by Alonso-Zarza et al. 
(2011). Based on the study of 3 key sections, their 
fossil content and diagenesis extent, the authors 
redefined the units by age assigning an Early 
Eocene interval and Middle Eocene-Middle 
Oligocene age for the deposition of the Asencio 
and Queguay formations respectively. There are 
two major issues regarding these findings.  

One is that the Asencio Formation is not 
present to the north of the Queguay River 
(Figures 2 and 4, see Preciozzi et al. 1985, Bossi 
& Ferrando 2001) and, in consequence, the 
stratigraphic observations made by Alonso-
Zarza et al. (2011) are not reliable. Additionally, 
there is a lack of biostratigraphic significance in 
the described fossil assemblages of the Queguay 
limestones (calcretes) and the ferruginous 
paleosols of the uppermost levels of the Asencio 
Formation and, consequently, there is no 
evidence to support the new stratigraphic 
scheme proposed.  

As recently shown by Cabrera (2015) and 
Cabrera et al. (2018) (Figure 10), after 
correcting some taxonomic errors presented by 
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Alonso-Zarza et al. (2011), the fossil 
assemblages are nearly identical in all 
limestones (calcretes) of the Mercedes, Asencio 
and Queguay formations (see Table 2). 

 

tHIS is in agreement with the 
penecontemporaneous significance of the fossils 
indicated by Martínez & Veroslavsky (2004) 
and Tófalo & Pazos (2010).  

.

 
Figure 10 - Fossils from the Queguay Formation. a Biomphalaria walteri* FCDP-I 6457 (scale: 5 mm); b B. reversa* 
FCDP-I 7220 (scale: 5 mm); c Succineidae indet.* FCDP-I 6467 (scale: 5 mm); d Bulimulus klappenbachi* FCDP-I 
6459  (scale: 5 mm); e Pupoides (Ischnopupoides) gnocco* FCDP-I  7258 (scale: 1 mm); f Eoborus charruanus* 
FCDP-I 7068 (scale: 5 mm); g Bahiensis priscus* FCDP-I 6474  (scale: 5 mm); h Neosauropoda eggshell† FCDP-V 
2884 (scale: 5 mm); i wood fragment*† FCDP-B 38 (scale: 5 cm); j Celtis santosi endocarp* FCDP-B 25 (scale: 5 
mm); k-l gyrogonites* FCDP-B 45 (scale: 500 µm); m insect pupal chamber*† (scale: 5 mm); n Ostracoda indet. 
FCDP-I 7279 (scale: 500 µm)* (scale: 2 mm); rhizoliths*† (scale: 5 cm). * near Villa Quebracho, Paysandú 
Department, † near the intersection of route 90 with route 25 and at the White Quarry, Paysandú Department. 
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During this study, the strong carbonate 
cementation event in the ferruginous sandstones 
and laterites of the Asencio Formation 
previously described by Goso (1999) and 
Alonso-Zarza et al. (2011) was recognized,  as 
well as the penecontemporaneous character of 
the calcretization process with at least some 
ferruginous paleosols (Figure 6).  

If we consider that calcretization is a main 
regional event (Marília Formation, 
Maastrichtian), and that the age of the process is 
around 72 Ma – as given by our best estimate of 
the U-Pb carbonate formation date – then we 
can extend the Late Cretaceous character to the 
contemporaneous ferruginous paleosols.  

Age ranges are also confirmed by 
biostratigraphy and their fossiliferous content; 
the U-Pb data is congruent with the presence of 
Cretaceous dinosaurs in the Asencio Formation 
(Huene, 1929; Walther, 1933; Mones, 1980; 
Bossi, 1966; Soto & Perea (2011a, b). The 
ichnofossil assemblages described in the 

ferruginous paleosols of the Asencio Formation 
(Roselli, 1939, 1987; Genise & Bown, 1996; and 
others) do not have any biostratigraphic 
significance, and indeed cannot be used to define 
the age of the uppermost levels of the unit by a 
non causa pro causa inference, as pretended by 
Alonso Zarza et al. (2011). We consider that 
present stratigraphic discrepancies, confusion 
over correlation, and contentious problems 
relating to stratigraphic nomenclature and formal 
redefinition can be resolved by preserving the 
original lithostratigraphic definition. Here, we 
suggest reverting to the original stratigraphic 
proposal and using the traditional geological 
scheme proposed by Bossi (1966) and Goso & 
Bossi (1966), who defined the Late Cretaceous 
record of the Norte Basin on the basis of 
lithological properties, field relationships, and 
mappable character of its units. This scheme 
would only require small adjustments in the 
lithological description and the modification of 
the Queguay Formation age (Figure 10). 

 
Figure 11 - Lithostratigraphic column proposed for the Late Cretaceous of the Norte Basin that reassesses the 
pioneering proposals of Bossi (1966) and Goso & Bossi (1966). The lithostratigraphic separation of Guichón, Mercedes 
and Asencio has prevailed in the majority of geological maps.  
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Non-pedogenic calcretization in the Late 
Cretaceous 

During the Maastrichtian, groundwater and 
pedogenic calcretization affected the different 
cycles of the siliciclastic fluvial successions 
(Tófalo & Pazos, 2010; Alonso-Zarza et al., 
2011).  

The resulting carbonates are thus variable 
in distribution, composition, texture, 
geometry, and thickness. Such variation is 
closely related to the original properties of 
the host rock, topography, drainage system, 
and the flow pattern of the groundwater rich 
in calcium-carbonate (Wright & Tucker, 
1991). 

Calcretization was more efficient in the 
surroundings of the Queguay River valley, 
where the generation of massive and thick 
limestone banks (Queguay Formation) was 
favored by the stratigraphic features of the 
host rock, the unconsolidated character of the 
(fluvial) sediments (Lee & Gilkes, 2005) and 
the structural characteristics of the region 
(Veroslavsky et al., 1997).  

Here, the calcrete profile has vertical 
gradation maturation from a non-calcretized 
host (Mercedes fluvial sandstones) at the base, 
followed by a massive calcrete horizon 
(Queguay Formation), and incipient laminar 
levels at the top (Figures 3 and 7).  

In the studied section, the Queguay 
Formation (Figure 7) does not exhibit the well-
organized features of the calcretes formed in 
soils (Arakel & McConchie, 1982; Arakel, 
1986; Tandon & Andrews, 2001).  

The scarcity of episodes of brecciation and 
pisolitic textures and the presence of a thick 
profile of carbonates (<5m) with crystalline 
(alpha) fabrics (Tófalo & Pazos, 2010) are 
indicative of a non-pedogenic origin (Wright, 
1990). Groundwater carbonates typically 
have a micritic and densely crystalline fabric 
(Figure 7) which often contains dissolution 
features and shrinkage cracks (Wright & 
Tucker, 1991). The associated mineralogy of 
these calcretes is represented by authigenic 
silica and authigenic clays (smectite, 
sepiolite or palygorskite) (Wright & Tucker, 
1991).  

It is well known that calcretes develop in 
climatic zones with a seasonal moisture 
deficit, allowing calcium carbonate to 
accumulate (Halitim et al. 1983; Grevenitz, 

2006,). In such terrestrial settings, 
palygorskite has been used as an indicator of 
seasonal semi-arid and arid environments 
associated with pedogenic carbonates (Rodas 
et al., 1994, and references therein). 
However, in the Queguay type section, 
palygorskite is associated with non-
pedogenic calcretes.  

Strong evaporation under seasonal semi-
arid climate (Fedoroff & Courty, 1989; 
Klappa, 1983; Galán & Pozo, 2011) might 
enhance the salinity of the surface waters, 
which can infiltrate in areas of drainage 
convergence and mix with a more superficial 
groundwater table thus forming palygorskite 
and explaining its presence in horizons where 
non-pedogenic calcretes occur.  

Preferential formation of groundwater and 
phreatic carbonates occur in areas where 
surface drainages converge, flow gradients 
decrease, and/or permeabilities are low 
(Wright & Tucker, 1991).  

The present-day surface drainage system, 
in the region where the Late Cretaceous 
sedimentary rocks occur (Figure 2), shows a 
general East-West to Southwestern pattern 
that coincides with the overall western-wards 
trend of the present-day regional groundwater 
flow system (Heinzen et al., 2003).  

Since the major drainage systems in the 
inland (cratonic) areas can be traced back to 
Late Cretaceous times (Goso & Perea, 2003), 
then we can argue that the regional groundwater 
paleo-fluid directions equal present-day trends.  

Occurrence of groundwater aquifers can 
explain the distribution of the non-pedogenic 
calcretes.  

The Mercedes aquifer, whose distribution 
is very well known, is made up of sandstones 
from the homonymous Formation and it 
supplies water for the Southwestern area of 
Uruguay (Manganelli et al., 2007). Variations 
in the geometry of the aquifer follow the 
paleotopography at the base of the Late 
Cretaceous, with larger aquifer thickness in the 
paleo-valleys dominated by fluvial deposits, 
and much thinner and isolated aeolian deposits 
in paleo-uplands. The lateral alteration of 
groundwater systems can create ribbon-like 
bodies or valley calcretes (Figure 12), which 
are responsible for inverted relief if erosion of 
the surrounding less carbonate-cemented 
deposits occurs (Nash & McLaren, 2003). 
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Figure 12 - Evolution model of the Late Cretaceous sedimentary processes based on the mineralogy, facies, 
lithostratigraphic units, fossiliferous content, and absolute age of the calcretization processes in the Norte Basin. 
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Because of the generally smooth 
topography throughout (moderate relief, 
subtle slopes), most fluids drain internally to 
the Queguay river valley, allowing calcretes 
to develop within a restricted area in the past. 
Massive and thick calcretes were formed in 
the sand-channels of the fluvial systems while 
thinner and more laminated carbonate 
horizons precipitated in the paleo-flood plain 
deposits areas. Such carbonates represent 
lateral facies variation and not an alternation 
of pedogenic and non-pedogenic calcretes 
(Alonso-Zarza, 2003).  

Definition of the age of the calcretization 
process is one key aspect of the Late 

Cretaceous stratigraphy of the Norte Basin. As 
previously shown, ages were defined based on 
the use of ambiguous fossil assemblages and a 
misunderstanding of the stratigraphy (see 
Cabrera et al., 2018). 
Considering the direct U-Pb date obtained in 
this study for the massive calcretes from the 
type section, an ~72 Ma age for early 
diagenetic carbonate precipitation coincides 
with the prevailing arid conditions at the 
Mesozoic-Cenozoic boundary, the ages of the 
fossil assemblages described in correlative 
outcrops (Cabrera et al., 2018) and those 
defined for the Marília calcretes in the Bauru 
Basin (Da Silva et al., 2017) 

CONCLUSIONS 
We consider that the original lithostratigraphic 

definitions of Bossi (1966) and Goso & Bossi 
(1966) for the Mercedes, Asencio and Queguay 
formations are valid. The three units show very 
well defined lithological attributes and 
stratigraphic relationships. They are mappable at 
surface and subsurface scale and can be used as a 
tool for mineral and groundwater exploration and 
management. While the Mercedes Formation 
appears all along the Midwestern area of the Norte 
Basin, the Queguay Formation is restricted to the 
Queguay river valley area where the Asencio 

Formation is absent. 
The Maastrichtian age of the calcretization 

process is supported by the relationship between 
the fossil assemblages and carbonate diagenesis, 
the absolute radiometric date of ~72 Ma 
obtained by the U-Pb method on Queguay 
limestone samples, and the analogous record of 
the Bauru Basin. The timing between the 
laterization and calcretization processes 
affecting the Asencio Formation is still under 
debate and additional information is needed to 
unravel the issue. 
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