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Abstract 
 

Sequence stratigraphy, based on climatic, tectonic, and base level parameters, can be 
used to understand carbonate sedimentation in continental basins. The uppermost 
continental fill of the Guadix Basin (Betic Cordillera), containing both siliciclastics and 
carbonates, is investigated here. In its central sector a thick succession of fluvio-
lacustrine sediments appear, hosting several important Pliocene and Pleistocene 
macrovertebrate sites (Fonelas Project). The need to characterize the stratigraphic and 
sedimentologic context of these important paleontologic sites has lead to litho-, 
magneto- and biostratigraphic studies. These data, together with the sedimentologic 
analysis of the Pliocene and Pleistocene siliciclastic and carbonate successions, 
establish a sedimentary model for the fluvio-lacustrine sedimentation of the two last 
stages of sedimentation in the Guadix Basin (Units V and VI). Unit V comprises mostly 
fluvial siliciclastic sediments with less abundant carbonate beds interpreted as 
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floodplain lakes or ponds. The latter, Unit VI, is dominated by vertically-stacked, 
carbonate palustrine successions. Using two pre-existent continental stratigraphic 
models, the influence of climate, tectonism, and stratigraphic base level during the last 
3.5Ma on the sedimentary evolution of the fluvio-lacustrine system in the Guadix Basin, 
especially the carbonate sedimentation patterns, is outlined.  
 
 
Keywords: Base level; Continental carbonates; Paleoclimate; Tectonism; Palustrine 
 
1. Introduction 
 

The influence of allogenic factors, such as climate and tectonism, on nonmarine 
deposition in fluvial and lacustrine basins has been a topic of great controversy (e.g. 
Van Houten, 1964; Picard and High, 1981; Talbot and Allen, 1996; Valero Garcés et al., 
1997; Carroll and Bohacs, 1999; Bohacs et al., 2000; 2003; 2007; Martinsen et al., 
1999; Alonso-Zarza and Calvo, 2000; Anderson and Cross, 2001; Gierlowski-Kordesch 
and Buchheim, 2003; Alonso-Zarza, 2003; Pietras et al., 2003; Dunagan and Turner, 
2004; Luzón, 2005; Scherer et al., 2007). The integration of continental sequences 
within general allocyclic models has evolved with the recognition of single forcing 
mechanisms or allogenic processes controlling the distribution of facies in a basin. For 
nonmarine sequences, climate is proposed as the major control on carbonate deposition 
(Cecil, 1990; Drummond et al., 1996; Tanner, 2000; Armenteros and Huerta, 2006), 
while tectonics is also suggested as a major control (Platt, 1989, Sanz et al., 1995; 
Armenteros et al., 1997; De Wet et al., 1998). Recently, sequence-stratigraphic 
depositional models for fluvial and lake basins have established that climate and 
tectonics work in tandem to control sediment input, subsidence, and water input 
(hydrology) as sedimentation evolves through time (e.g. Martinsen et al., 1999; Bohacs 
et al, 2000, 2003, 2007; Gierlowski-Kordesch and Buchheim, 2003; Alonso-Zarza, 
2003; Gierlowski-Kordesch et al., 2008).  

Base level (eustacy in coastal marine environments) is the third allocyclic factor 
affecting fluvio-lacustrine architecture. There are two definitions of base level. The 
former, geomorphic base level, is used in sequence stratigraphy and refers to sea level. 
The latter, the stratigraphic base level, can be applied in continental environments where 
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the sea level influence is not significant. It is defined as the “potential energy surface 
that describes the direction in which a stratigraphic system is likely to move, toward 
sedimentation and stratigraphic preservation or sediment bypass and erosion” (Shanley 
and McCabe, 1994).  Changes in stratigraphic base level increase or decrease the 
accommodation space or available space for potential sediment accumulation (Jervey, 
1988). Therefore, the stratigraphic base level can be formulated as the ratio between 
accommodation space and sediment supply (A/S ratio) (Martinsen et al., 1999).  

The present study in the Guadix Basin (Betic Cordillera, southern Spain) outlines the 
influence of the three allocyclic factors controlling carbonate deposition in continental 
basins. The Guadix Basin hosts a complete succession of continental sediments dated 
from the end of the Miocene to the Late Pleistocene. The deep incision of the Holocene 
drainage network into the sedimentary infilling of the basin is the result of the intensive 
erosion in the basin since the Late Pleistocene, when the basin drainage changed by 
becoming part of the Guadalquivir hydrographic basin (see Fig. 1) (Vera, 1970; Viseras 
and Fernández, 1992; Calvache et al., 1996; Calvache and Viseras, 1997). With 
exceptional outcrop exposure in the Guadix Basin, especially for the sediments of the 
uppermost continental stage, it is an excellent location for studies focused on patterns of 
continental infilling (Fernández et al., 1993; Viseras and Fernández, 1994; Viseras et 
al., 2005, 2006; Pla-Pueyo et al., 2007, among others). In addition, many paleontologic 
vertebrate sites are well exposed. In fact, the stratigraphic, sedimentologic, and 
paleoecologic characterization of the Pliocene and Pleistocene macromammal sites in 
the central sector of the basin has been the aim of multidisciplinary studies in the 
Guadix Basin since 2001 (Viseras et al., 2006; Arribas and Garrido, 2007; Pla-Pueyo et 
al., 2007, 2008; Garrido and Arribas, 2008). The paleontologic sites are found in the 
siliciclastic and carbonate sedimentary rocks interpreted as the floodplain of the main 
fluvial system of the Guadix Basin during the Pliocene and Pleistocene. This 
environmental characterization of the sediments is crucial to understand the ecologic 
and geologic processes leading to the formation of some of the most significant large-
mammal sites in Europe (Viseras et al., 2006; Arribas and Garrido, 2007; Garrido and 
Arribas, 2008).  

Figure 1 
The stratigraphy and origin of the architectural elements forming the floodplains and 

channels of the Guadix fluvial system have been previously characterized (Fernández et 
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al., 1996b; Soria et al., 1998), in addition to preliminary studies on the carbonate facies 
in the area (Pla-Pueyo et al., 2007). This work integrates the current knowledge about 
the siliciclastic and carbonate sedimentology of the fluvio-lacustrine system in the 
sector of the basin containing the paleontologic sites in a sequence stratigraphic context 
for insight into the evolutionary development of continental siliciclastic and carbonate 
sedimentation in the Guadix Basin over the last 3.5Ma.  
 
2. Geologic setting 
 

The Betic Cordillera is located on the southern Iberian Peninsula (Fig. 1), and 
together with the North-African Rif, encircles the western end of the Mediterranean Sea, 
representing the most western belt of the Alpine chains. The Guadix Basin (Fig. 2) is 
situated in the central sector of the Betic Cordillera, within the Granada province of 
southern Spain. It is located on the ancient contact between the two main structural 
realms of the Betic Cordillera: the Internal Zones (or Alboran Block) (Andrieux et al., 
1971) and the External Zones (corresponding to the folded and faulted South Iberian 
paleomargin) (Vera, 2001; Viseras et al., 2005).  

Figure 2 
The Guadix Basin, as well as the other Neogene intramontane basins in the Betic 

Cordillera, shows two main sedimentary stages during its evolution (Vera, 1970; 
Viseras et al., 2005). The older stage of Late Tortonian age, is marine, while the 
younger is continental, lasting from the Late Tortonian to the Late Pleistocene 
(Fernández et al., 1996a; Viseras et al., 2005).  

Following Fernández et al. (1996a), the sedimentary filling of the basin can be 
divided into six genetic units (Fig. 3). The two lower units (Units I and II) correspond to 
the marine sedimentation stage. Unit III involves shallow marine sediments, deposited 
through the latest Tortonian sea withdrawal from the Betic Cordillera. During the 
continental stage of infilling (Late Tortonian-Late Pleistocene), corresponding to the 
three youngest units (IV, V and VI), the basin evolved into an endoreic depression, 
reaching its final filling stage in the Late Pleistocene (top of Unit VI) (Fernández et al., 
1996b; Soria et al., 1998, 1999). 

Figure 3 
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Three main drainage systems can be distinguished within Units V and VI of the 
Guadix Basin (Fernández et al., 1996b; Viseras et al., 2006) (Fig. 4). The so-called 
Axial System (AS) flowed towards the NE following the paleogeographic axis of the 
basin. This longitudinal drainage system was composed of a highly sinuous, fluvial 
meander belt, draining into a large shallow lake, located to the east in the neighboring 
Baza Basin (see Fig. 2), which acted as base level for the entire drainage system. The 
Axial System was fed by two transverse alluvial systems. The Internal Transverse 
System (ITS) (Viseras and Fernández, 1994, 1995) was composed of large coalescent 
alluvial fans, with their source area located on the Internal Zones of the Betic Cordillera. 
The External Transverse System (ETS) (Fernández et al., 1991, 1993) had small 
isolated alluvial fans, which received their inputs from the erosion of the External Zones 
of the Betic Cordillera. 

Figure 4 
The siliciclastic and carbonate fluvial deposits of the Axial valley (AS) host a 

number of important macromammal fossil sites in the transition between the Pliocene 
and Pleistocene, representing an important faunistic dispersion (Viseras et al., 2006). 
This paper focuses on the Axial System and the sedimentologic features of the 
siliciclastics and carbonates hosting the macromammal sites, establishing the 
sedimentary evolution of the central part of the basin from the Pliocene to middle 
Pleistocene. 
 
3. Stratigraphic architecture  
 

A detailed lithostratigraphic study (Pla-Pueyo et al., 2008) involved a set of eleven 
stratigraphic profiles (Fig. 5) measured in the field, including those from the most 
important paleontologic sites (FPB-4, FP-1, FSCC-1, FSCC-2, FSCC-3, FBP-SVY-1, 
M-2, M-3, M-4, M-5, M-8 and M-9). Magnetostratigraphic data are also available for 
three of the stratigraphic sections (Pla-Pueyo et al., 2008), those with the most accurate 
biochronologic information (FP-1, FSCC-1, and M-9) (Viseras et al., 2006).  

Figure 5 
The correlation of the sampled sections with the geomagnetic polarity time scale 

(Lourens et al., 2004) date more precisely the most important fossil sites of the studied 
area (Fig. 6) as well as determine the age of the boundary between Units V and VI (Pla-
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Pueyo et al., 2008). This boundary is an unconformity, but conformable towards the 
basin center with no appreciable stratigraphic gap (Viseras, 1991; Soria et al., 1998). It 
was previously considered to be older (within the Pliocene), using biochronologic data 
(Viseras, 1991; Fernández et al., 1996b; Soria et al., 1998, 1999), but recent lithologic, 
sedimentologic, magnetostratigraphic, and paleogeographic criteria (Pla-Pueyo et al., 
2008) relocate it to 1.778 Ma (lower Pleistocene). Lithologic and sedimentologic 
differences between both units are more visible in the center of the Guadix Basin, 
especially in the AS sediments, where sedimentation rates and accommodation space 
can be better estimated. The differences are reflected as  (1) an increase in carbonate 
sediments in Unit VI with respect to Unit V;  (2) distinctive sedimentary patterns 
defining each unit, and (3) changes in the paleogeographic distribution of the three main 
drainage systems (AS, ITS, and ETS) during each unit. In this sense, the maximum 
expansion of the AS marks the boundary between both units (Pla-Pueyo et al., 2008). 

Therefore, the boundary between Units V and VI appears to reflect an important 
switch in the factors controlling sedimentation within the Guadix Basin, especially 
enhancing carbonate deposition in the AS in the center of the basin.  The aim of this 
paper is to describe the sedimentary pattern of the AS sediments for both Units V and 
VI. Then, a sedimentary model for the fluvio-lacustrine system in each unit will be 
constructed identifying the variation of the factors controlling carbonate sedimentation. 

Figure 6 
 
4. Provenance  
 

The source area of the sediment not only determines the lithology of the siliciclastics 
deposited in a continental basin, but also allows thick carbonate accumulations when 
widespread carbonate rocks are present in the watershed (Jones and Bowser, 1978; 
Gierlowski-Kordesch, 1998). It is clearly important to consider the provenance 
controlling sediment input for the Guadix Basin in order to understand the change in 
carbonate deposition between Units V and VI (Table 1).  

Table 1 
The resultant depositional lithology present in the three drainage systems (AS, ITS, 

and ETS) is directly related to the bedrock of their source areas (Fig. 7). There are two 
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main source areas for these systems, the Internal and the External Zones of the Betic 
Cordillera (Table 1). 

Figure 7 
The main bedrock in the source area of the AS is comprised of quartzites and mica 

schists from the Nevado-Filábride Complex (Internal Zones) (Table 1), so the proximal 
sedimentary lithology is dominated by silicliclastics. In the medial and distal parts of 
the AS successions where ITS and ETS join the axial drainage, more carbonates appear 
(Fig. 7), depending on the relative influence of each transverse alluvial system and their 
provenance. The ITS source area (Table 1) contains quartzites and mica schists from the 
Nevado-Filábride and Alpujárride Complexes (Internal Zones) (Fig. 7) and abundant 
grey dolomitic marbles from the Alpujárride Complex (Internal Zones). The provenance 
of ETS occurs in the External Zones, where Mesozoic limestones dominate. Some chert 
beds can also be found in this source area, interbedded with the limestones (Table 1). 
This transverse alluvial system (ETS) probably represents the main carbonate input to 
the Guadix Basin sediments during the Pliocene and Pleistocene.  
 
5. Sedimentary pattern and facies analysis of the Axial System (AS) sediments 
 

The AS deposits in the studied sector correspond to the medial to distal facies of a 
high-sinuosity river system (Viseras, 1991; Viseras et al., 2006) containing floodplain 
deposits of both siliciclastic and carbonate sediments. A number of lithofacies, as well 
as their associations, forming three-dimensional sedimentary bodies, considered as 
architectural elements in the sense of Miall (1985; 1996), are identified and described 
below for Unit V and VI.  Standard field methods in the identification and measurement 
of all lithofacies were followed, but the carbonate lithofacies were more closely 
examined through 147 hand samples from sections FPB-4, FP-1 and FBP-SVY-1 and 
231 thin sections from sections FPB-4, FP-1, FSCC-1 and FBP-SVY-1. 

Table 2 
 
5.1. Unit V 
 

The siliciclastic and carbonate sedimentary deposits of Unit V in the AS (Fig. 8) are 
divided into six architectural elements (Table 2). Facies and facies associations are 
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defined by lithology, geometry, and 3-D relationships. General descriptions of the six 
architectural elements follow.  

Figure 8 
5.1.1. Gravel-sand channels 
5.1.1.a. Description 

These architectural elements, appearing within silt-clay units, are represented by rare 
3 to 8 m thick, single to multi-storey bodies consisting of gravel and sand. The co-sets 
in the case of multi-storey bodies range in thickness from 1 to 4 m on average. 

The basal, erosional bounding surface of these bodies is concave-up. They may reach 
a lateral extent from 15 to 20 m with a channel W/T between 2 and 7, but always lower 
than 15, the range of values characterizing narrow ribbon bodies of high-sinuosity rivers 
(Gibling, 2006). The single bodies contain several lateral-accretion sets with a fining-
upward trend going from gravel to fine-grained lithofacies (Gt/St, Gp/Sp, Sla, Sr, Sh, Fl, 
Fo) (Tables 3A, B). Epsilon bedding and trough and planar cross-bedding occur in the 
coarser sediments, and horizontal bedding or massive structure in the finer sediments.  
The paleoflow measurements indicate a dispersion angle of 134º.  
5.1.1.b. Interpretation 

Following interpretations for other larger river examples (Allen, 1970; Nijnman and 
Puigdefábregas, 1978; Eberth and Miall, 1991), they are interpreted as high-sinuosity 
ribbon channels (Gibling, 2006), where lateral accretion predominates and the 
dispersion angle of the paleoflow is high. If the channels are multi-storey, they are filled 
in consecutive stages (Table 2). These rare elements may be interpreted as the different 
positions of the main fluvial channel of the AS.  
                                                             
5.1.2. Sand bodies 
5.1.2.a. Description 

Within the sandy-clay units, isolated bodies with a thickness from 50 cm to 2 m 
appear (Fig. 9A). Their lateral extent is usually between 5 and 10 m, and lateral 
asymmetry in a transverse section is common. With an average W/T lower than 15, they 
mostly fit in the ribbon type of Gibling (2006). They typically exhibit a fining-upward 
sequence formed by sandy lithofacies (Sla-St/Sr-Sh-So) grading upwards to finer 
sediments, sometimes showing lateral accretion structures (Sla facies) (Fig. 9B). 
5.1.2.b. Interpretation 
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These bodies are interpreted as small channels with a ribbon-like morphology 
interbedded with the fine floodplain sediments (sandy-clay units). The grain size of the 
sediment and the size of the bars and other bedforms suggest that these bodies do not 
represent the main channel of the Axial System, but rather the secondary channels 
crossing the distal plain of the system (Viseras and Fernández, 1995; Fernández et al., 
1996b). The literature contains many examples of similar interpretations of this 
lithofacies sequence (McGowen and Garner, 1970; Bluck, 1971; Jackson, 1976; 
Nijnman and Puigdefábregas, 1978; Miall, 1996; Stouthamer, 2001; Bridge, 2003). 
                                                          Figure 9 
 
5.1.3. Sandy-clay units 
5.1.3.a. Description 

This element is predominant in the study area (Fig. 9C); the rest of the architectural 
elements essentially are embedded within it (Table 2). These units are comprised of 
massive, grey-brown hectometer- to kilometer-scale tabular beds, with a thickness 
ranging from 50 cm to 8 m. The granulometry of these beds ranges from coarse sand to 
clay size sediment (So, Fo/Fb) (Tables 3A, B). Yellow-orange-red mottling is 
associated with iron nodules in these units. These units can be rich in organic matter. 
 
5.1.3.b. Interpretation  

The sandy-clay units can be interpreted as overbank vertical-accretion deposits 
(Nanson and Croke, 1992), the coarser sediments corresponding to floodplain areas next 
to small channels, perhaps pedogenetically altered, and the finer being deposited in 
floodplain areas rich in vegetation and far from the fluvial channels (Table 2). These 
deposits could also include palustrine siliciclastic deposits; more research is needed to 
confirm this. The common presence of mottling, associated with rhizoliths, is 
interpreted as iron remobilization because of redox processes related to poor drainage 
conditions in a paleosol (Kraus and Hasiotis, 2006). As completely developed paleosol 
profiles were not identified in any outcrop of the studied area, the paleosols found 
within the sandy-clay units are interpreted as immature paleosols. This interpretation is 
consistent with examples provided in the literature, as the paleosols described in the 
Bighorn Basin (Kraus and Gwinn, 1997), whose maturity and hydromorphic conditions 
depend on the grain size and therefore on the distance from a local sediment source 
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(Kraus, 1999). In the studied Guadix sector, the scarcity of gravel-sand channels 
interpreted as the main channel of the fluvial system probably involves a distal position 
from the sediment source of the floodplain sediments. This would enhance the 
accumulation of fine-grained sediment, as in less permeable clay, leading to immature 
and poorly-drained paleosol formation. 
 
5.1.4. Phytohermic framestone 
5.1.4.a. Description 

These rare carbonate deposits extend laterally for less than 20 m, and their average 
thickness is 1.5 m. They appear in lateral association with the sandy-clay units, and 
consist of mound-like marly limestones with cylindric plant molds in life position (Fig. 
10A) or as non-transported clasts as well as stem and leaf fossils floating in the marly 
matrix (lithofacies T) (Fig. 10B). The cylindrical to elongated plant molds are 
comprised of fringe calcitic cements, where micritic and sparitic layers alternate (Table 
3C). The top of the element presents a higher degree of cementation. 

Figure 10 
 
5.1.4.b. Interpretation 

These plant molds are interpreted as frameworks of reed-like plants living in a fresh, 
but shallow water body (Table 2), enhancing the carbonate precipitation by their activity 
and surrounded by micrite settling in the quiet, protected environment (Pedley, 1990; 
Arenas et al., 2000, 2007). Early diagenesis could cement these deposits, allowing the 
preservation of the organic framework. 
 
5.1.5. Tabular carbonate beds 
5.1.5.a. Description 

The most carbonate bodies in Unit V present a lenticular to tabular morphology 
(Table 2), with a thickness ranging from 5 to 50 cm and a lateral extent that varies on a 
meter- to kilometer-scale (Fig. 9C). From the detailed study of thin sections and hand 
samples several lithofacies (Cm, Co, Cr, Cs, M, Lo, Ln, Lg) are distinguished (Fig. 11). 
Their petrography is described in Tables 3B and 3C, showing different degrees of 
pedogenic alteration following the criteria of Alonso-Zarza (2003). They range from a 
low degree of alteration, in the case of those lithofacies presenting only root molds 
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and/or mottling (e.g. lithofacies Cm, Co), to a higher degree, even showing features as 
grainification (lithofacies Lg) (Alonso-Zarza et al., 1992). 

                                                Figure 11  
Commonly, carbonate content increases upwards within these bodies. Lithofacies Cs, 

Cm, Co and Lo are usually at the bottom of the sequence, associated laterally and 
changing gradually from one to another and into the Fo lithofacies of the sandy-clay 
units. Vertically these successions may present an intermediate stage where lithofacies 
M marks a transition to lithofacies Lo/Ln/Lg, but the vertical change from calcilutite to 
limestone may also be direct. These carbonate sequences can be found complete, or 
lacking some of the stages, but they commonly present a sharp contact with the 
overlying fine siliciclastic sediments. 
 
5.1.5.b. Interpretation 

These carbonate beds exhibit petrographic features (Tables 3B, 3C) that point to 
frequent subaerial exposure (Freytet and Verrecchia, 2002), such as root molds, 
mottling, and nodulization. Therefore, we interpret them as palustrine lithofacies (Pla-
Pueyo et al., 2007) (Table 2) characterizing shallow ephemeral water bodies located on 
protected ponded areas of the floodplain. As the features are homogeneously distributed 
within the thickness of all the carbonate beds, and not just affecting their top surface, a 
seasonal drying of the ponds is surmised, with the Lg facies representing the most 
altered of the carbonate facies from repeated subaerial exposure. Examples of these 
limestone beds on siliciclastic floodplains of perennial paleorivers include the 
Pennsylvanian-Permian Cutler Formation (USA) (Eberth and Miall, 1991) and the 
Jurassic Morrison Formation (USA) (Dunagan and Turner, 2004). The textures found in 
these palustrine deposits (Tables 3B, C) can be interpreted in terms of hydrologic 
conditions and exposure index (Platt and Wright, 1992). The textures indicate 
intermediate to sub-humid conditions with seasonal drying and an exposure index of 40-
70%. 
 
5.2. Unit VI 
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The main architectural elements belonging to Unit VI in the AS in the study area are 
described below (Table 2). Only fine-grained architectural elements (both siliciclastics 
and carbonates) appear in this sector of the fluvial system (Fig. 12). 

Figure 12 
5.2.1. Silt-clay units 
5.2.1.a. Description  

Similar to the sandy-clay units described for Unit V, these elements are hectometric 
to kilometric tabular grey-brown fine-grained beds, with a common yellow to red 
mottling. Sand is rare, so grain sizes range from silt to clay (lithofacies Fo) (Table 3B), 
with a thicknesses of beds on a centimeter- to meter-scale.  
 
5.2.1.b. Interpretation 

Like the sandy-clay units in Unit V, this architectural element is interpreted as 
overbank vertical-accretion (Nanson and Croke, 1992) and possible siliciclastic 
palustrine deposits with development of paleosols (Kraus and Hasiotis, 2006). As no 
fluvial channels are preserved in Unit VI in this sector of the basin, probably silty-clay 
units have a more distal position in the floodplain of the Axial System in comparison to 
sandy-clay units from Unit V (Table 2). This idea is supported by a generally smaller 
grain size in these bodies than in the sandy-clay units of Unit V. 
  
5.2.2. Carbonate sheets 
5.2.2.a. Description 

Carbonates of Unit VI appear mainly as extensive bodies (lateral continuity over km) 
of mainly micritic and nodular limestones (lithofacies M, Lo, Ln, Lg, and rarely Co). 
These continuous beds have an average thickness of 50 cm and are stacked in 
successions 2-3 m thick. In thin section, these carbonate sheets show quite similar 
petrographic features to those of tabular carbonates from Unit V. The main features are 
the presence of root molds and mottling, together with a lower siliciclastic content with 
lithofacies Cs not present (Tables 3B, C). Laterally these carbonates grade into silt-clay 
units, but as they are so extensive, it is difficult to see this change directly in the field. 
Vertically the carbonate sheets increase in their carbonate content, as in Unit V, going 
from lithofacies M to pure limestone lithofacies (Lo, Ln, and Lg) (Fig. 11). 
Interestingly, the highly altered facies Lg is less common in Unit VI than in Unit V. In 
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the northern part of the studied sector, some of these carbonate successions contain 
interbedded thin coal levels (5 cm average thickness), that extend laterally only around 
1-2 m.  
  
5.2.2.b. Interpretation 

Following other examples in the literature (Freytet and Plaziat, 1982; Platt, 1989), 
these carbonates are interpreted as vertically-stacked palustrine sequences formed 
during periods of permanence of large water bodies on floodplains (Table 2). The 
vertical distribution of the ubiquitous features involving subaerial exposure within the 
carbonate units, such as root molds, mottling, and nodulization, indicates a seasonal 
drying of the ponded zones affecting not just the surface but the whole carbonate 
thickness. The carbonate textures also may indicate deposition in a subhumid, but 
seasonally hydrologic conditions (Platt and Wright, 1992), as supported by the presence 
of intercalated, thin coal levels (Gierlowski-Kordesch, et al., 1991; Cabrera and Sáez, 
1987). The exposure index is calculated to be 0-50%. 
 
5.2.3. Carbonate layer 
5.2.3.a. Description 

There is just one well-preserved example of this sedimentary body in the studied 
sector with a thickness ranging from 5 to 10 cm, but at least two of these carbonate 
layers have been observed in the area at different elevations, both situated on top of the 
Unit VI sedimentary succession.  

This carbonate layer (Ll) comprises thick and uneven lamination (see Fig. 11F). In 
some places, the texture is brecciated with a laminar carbonate coating the clasts and 
micrite filling the spaces between clasts. The brecciated texture commonly changes 
upwards into a laminar layer.  

 
5.2.3.b. Interpretation 

This architectural element is interpreted as a pedogenic calcrete (Esteban and 
Klappa, 1983; Wright and Tucker, 1991; Alonso-Zarza, 2003) that in some places 
exhibits features of iterative processes related to subaerial exposure. These processes 
involve exposure and erosion producing angular clasts, the coating of the clasts with 
carbonate cement, remobilization of these clasts, and diagenetic precipitation of 
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carbonate in the spaces between the clasts (pisolitic horizons in the sense of Alonso-
Zarza, 2003). Then, calcrete formation continues on top of the brecciated and cemented 
layer (platy horizon in the sense of Alonso-Zarza, 2003).  

The highest carbonate layer appearing in the study area could be correlated to the 
calcrete studied by Azañón et al. (2006) in the Arroyo de Gor section, located 
northwards of the study sector.  Further field work will help to confirm this. 

 
Table 3 (3A, 3B and 3C) 

6. Discussion  
 

The differences between sedimentary conditions and fluvial architecture of Units V 
and VI is controlled by the relative influence of tectonism, climate/hydrology, and base 
level changes during the last 3.5 Ma in the Guadix Basin. Sequence stratigraphic 
principles can be applied to reconstruct paleoconditions. Martinsen et al. (1999) 
recommend the conventional nomenclature for sequence stratigraphy (lowstand, 
transgressive, and highstand systems tracts) in continental settings when a detailed and 
unambiguous correlation from the nonmarine to marine part of a basin can be made, 
assuming the geomorphic base level (sea level) controls the sedimentary architecture 
(Allen, 1978; Bridge and Leeder, 1979; Wright and Marriot, 1993).  

When the sedimentary pattern is completely independent of sea level, because a 
basin is too far from the shoreline, or it is a closed basin disconnected from the sea, 
Martinsen et al. (1999) propose a new nomenclature, using stratigraphic or local base 
level (Table 4). Changes in the stratigraphic base level can be expressed as the A/S ratio 
where tectonism controls accommodation space (A) and climate/hydrology controls the 
sediment supply (S). This is a simplification of nature because, for example, tectonism 
can control sediment supply as well. However, this ratio is useful to relate changes in 
base level to sedimentation patterns. Where the A/S ratio < 0, meaning that there is no 
accommodation space at all, no accumulation occurs because of sediment bypass and 
regional erosion surfaces or sequence boundaries form. Where 0 < A/S ratio < 1, 
sediment supply is greater than the available accommodation space, which is always 
filled by sediment. This situation leads to the formation of a “low accommodation 
systems tract” (LAS), a sequence lacking preservation of fine material and dominated 
by multistorey, multi-lateral stacking of channels. With an A/S ratio = 1, the balance 
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between accommodation and sediment supply results in expanded successions with the 
formation of systems tract boundaries. Where the A/S ratio > 1, sediment is not able to 
fill all the available accommodation space and the probability of flooding on the alluvial 
plain increases. In this case, widely spaced channels and high preservation of fine 
materials occur, representing a “high accommodation systems tract” (HAS) (Martinsen 
et al., 1999).  

Although the Martinsen et al. (1999) model deals with nonmarine siliciclastic fluvial 
sequences dominated by changes in the stratigraphic base level, there is no mention in 
this model about nonmarine carbonate deposition on a floodplain related to changes in 
the A/S ratio. Alternatively, Alonso-Zarza (2003) proposes a fluvial-lacustrine model 
involving palustrine sediments (Table 4) with two different patterns affected by the 
interaction between accommodation space, controlled by tectonics, and sediment plus 
water supply, controlled by climate/hydrology. In her High Activity Pattern, an active 
alluvial/fluvial system with high accommodation space forms lakes and ponds on 
floodplains. The resultant fluvial sedimentary pattern is represented by thick floodplain 
deposits with isolated channels, ponds and lakes, and weakly developed soils. The Low 
Activity Pattern represents a situation with limited accommodation space and stacked 
palustrine sequences in an alluvial/fluvial floodplain.  This situation usually occurs at 
the final stages of the infilling of basins, reflecting the change in topography from a 
steeper to more gentle gradient or the reduced bedload input of the alluvial/fluvial 
system. For unconformities or sequence boundaries formed by erosion or no 
sedimentation (comparable to A/S < 0 from Martinsen et al., 1999), calcretes and 
paleosols can develop. 

Table 5 
The integration of both sequence stratigraphic models (Martinsen et al., 1999 and 

Alonso-Zarza, 2003) explains the fluvial architecture and carbonate depositional 
patterns of Units V and VI in the central sector of the AS in the Guadix Basin (Table 5). 
According to Soria et al. (1998), during deposition of Units V and VI, the Guadix Basin 
experienced continuous uplift and a steady decrease in the subsidence rate. The amount 
of sediments in Unit V is almost twice than the amount in Unit VI. This difference in 
thickness is interpreted as a lower accommodation space available for Unit VI, due to a 
lower subsidence rate (Viseras, 1991; Fernández et al., 1996a, 1996b; Soria et al., 
1998). There are several facts supporting these assertions. First of all, the differences in 
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the sedimentation rates in both units have been recently confirmed (Pla-Pueyo et al., 
2008) for the central sector of the basin, when comparing the margin (a tectonic horst, 
the Mencal relief) and the center (a subsiding area, affected by the Mencal fault) of the 
study area. While there is a large difference between sedimentation rates of the margin 
versus the center of the sector for Unit V, sedimentation rates for Unit VI are the same 
at every measured point of the sector, but always lower than the rates calculated for Unit 
V (Pla-Pueyo et al., 2008). Moreover, the thickness of sediments between two isochrons 
decreases in Unit VI in comparison to Unit V (Viseras, 1991), and the geometry of the 
changing facies surfaces between the three main drainage systems become flatter in 
Unit VI due to a lower accommodation rate (Viseras, 1991; Soria et al., 1998).  The 
sedimentation conditions for each unit will be addressed separately below. 
 
6.1. Unit V 
 

Although a general situation of continuous uplift and decreasing accommodation 
space is assumed for the Guadix Basin throughout Units V and VI (Viseras, 1991; Soria 
et al., 1998), Unit V in the studied sector presents a relatively high rate of 
accommodation. This is probably due to the activity of the Mencal normal fault (see 
Fig. 5), creating a subsidence zone to the south of the Mencal relief. A relatively high 
sediment accumulation rate (an average of 5.2 cm/Ky) (Pla-Pueyo et al., 2008) is also 
projected for Unit V. The high sedimentation rate is probably related to uplift of the 
source areas for both the Axial System (AS) and the Internal Transverse System (ITS) 
(Soria et al., 1998).  

Table 4 
Applying the model of Martinsen et al. (1999), the A/S ratio for Unit V would be > 1 

(Table 4). The presence of relatively confined channels, isolated from one another by 
thick fine-grained, siliciclastic floodplain sediments as overbank and palustrine deposits 
in a distal setting, weakly developed soils, and less abundant, ephemeral carbonate 
ponds and lakes in protected areas is interpreted as a High Accommodation Systems 
Tract (HAS) (Martinsen et al., 1999), where the probability of flooding is high. This 
sedimentary pattern reflects the activity of the AS in its medial to distal area with a 
lithology dominated by mostly siliciclastic and minor carbonate beds. In this case, the 
source area (Internal Zones) and the transverse inputs (dominated by the ITS) contained 
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mostly schists and quartzites with minor marbles. Following Alonso-Zarza (2003), Unit 
V fits in the High Activity Pattern (Table 4), reflecting a fluvial architecture influenced 
by a high accommodation rate and characterized by high levels of storage of floodplain 
sediments. Both classifications (Martinsen et al., 1999 and Alonso-Zarza, 2003) match 
the depositional patterns in Unit V. The limited accumulation of palustrine carbonates 
on the floodplain is explained by the high siliciclastic input from the Internal Zones 
with limited input of carbonates from the External Zones. The exposure index (40-70%) 
of the palustrine carbonate indicates groundwater tables lower seasonally between 
flooding events allowing for significant pedogenic alteration (after Wright, 1999). 
 
6.2. Unit VI 
 

This unit is the last sequence in the evolution of the Guadix Basin (Fernández et al., 
1996a).  Since the Mencal fault is not active anymore, the general uplifting of the basin 
predominates. The end of the uplift stage is the final filling of the basin at 1000m 
paleoelevation in Late Pleistocene times (Soria et al., 1998). Accommodation space 
decreases gradually, leading to the event that Soria et al. (1998) refer to as “topping-
up”. Because of this, topography of the basin during this unit exhibits lower gradients. 
Although climatic fluctuations related to glacial/interglacial stages probably took place 
during the Pleistocene, hydrologic patterns clearly do not reflect a drastic change in 
climate between Unit V and VI. In Unit VI, the palustrine carbonate textures with thin 
interbeds of coal in marginal areas reflect an exposure index of 0-50%. Coupled with a 
decrease in the abundance of the highly altered facies Lg as well, the groundwater table 
did not seasonally lower as drastically or for as long a period in comparison to the 
hydrologic conditions represented in the carbonates of Unit V.  Since most other 
carbonate textures are similar between the two units, climate may not have changed too 
much or the slower subsidence rate in Unit VI allowed groundwater levels to stay 
higher seasonally in comparison to Unit V. 

Therefore, the sedimentation input during Unit VI may have been similar to the 
sediment supply during Unit V or lower, but because of the widening of the basin and 
the reduction of the bulk accommodation space, the sedimentation rate is lower. The 
reduction in the storage capacity of the basin during the last stages of infilling is 
mentioned by Wright and Marriott (1993).   
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Because accommodation space decreased upwards during Unit VI and there was an 
expansion of the depositional area of this unit over Unit V, the slope of the transverse 
alluvial fans would be lower due to the widening of the basin (Fernández et al., 1996a, 
1996b). If the sediment supply overwhelmed accommodation, then the available space 
was filled and other new areas received sediment, expanding the fluvial/alluvial system 
as the basin widened. Therefore, the A/S ratio for Unit VI would be a value between 0 
and 1 (Table 4), which corresponds to a Low Accommodation System Tract (LAS) 
(Martinsen et al., 1999).  

Using the model of Martinsen et al., (1999), there are two possible divisions between 
accommodation systems tracts: sequence boundaries (A/S ratio < 0) or expansion 
surfaces or zones (A/S ratio = 1) (Table 4). Considering that Unit V is classified as a 
HAS and that Unit VI would correspond, with some modifications, to a LAS, it is clear 
that there is a decrease of the A/S ratio between both units, so A/S ratio for the 
boundary between them would be close to 1. One of the criteria to establish the 
boundary between both units is the moment of maximum expansion of the AS with 
respect to the transverse systems. Therefore, the boundary between Units V and VI 
should be classified as an expansion surface in the sense of Martinsen et al. (1999). 

It is not suitable to classify Unit VI applying only the Martinsen et al. (1999) model, 
because the sedimentary pattern (vertically-stacked palustrine sequences) is quite 
different than the one expected for a LAS (multistorey channels). The model of 
Martinsen et al. (1999) for the low accommodation space situations does not take into 
account the possibility of carbonate sedimentation (Table 4). The abundant carbonate 
deposits in Unit VI may be related to changes in the provenance of the sediment in this 
part of the basin. Provenance is an important control on carbonate sedimentation in 
continental depositional systems, since all basinal sediments are erosional products of 
the surrounding watershed (Gierlowski-Kordesch, 1998). In Unit V, siliciclastic 
sedimentation predominates, the AS and ITS (Internal Zones) playing the main role in 
sediment distribution. In Unit VI, with no significant climate or hydrology change, a 
change in provenance best explains the predominance of carbonate lithology. The 
relative importance of ETS activity (External Zones) in the study area during the 
deposition of Unit VI obviously changed as subsidence slowed. Although the AS and 
the ITS were still important, the displacement of the AS north-eastwards, closer to the 
External Zones (Fernández et al., 1996a), allowed a higher input from the carbonate-
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dominated ETS alluvial fans into the AS valley. Moreover, the decrease of the gradient 
due to the filling of the basin, together with the base level rise associated with this 
infilling, point to the fluvial style within the studied sector as being a vertically-
aggrading anastomosing river system (Makaske, 2001; Gibling, 2006: Makaske et al., 
2007) with a high influx of suspended carbonate load (Valero Garcés et al., 1997; 
Gierlowski-Kordesch, 1998). 

Because the outcrops of Unit VI are not well preserved due to the incision of the 
Holocene hydrologic network and the study area comprises only the distal and finest 
facies of the three drainage systems, no coarse-grained sedimentary bodies can be found 
to confirm the anastomosing character of the Guadix river system at this time interval. 
In addition, widespread carbonate deposits as those appearing in Unit VI are not 
typically found on the floodplain of a meandering fluvial system (Valero Garcés et al., 
1997; Gierlowski-Kordesch, 1998). Interesting enough, the W/T ratio of the channel 
sands and gravels of Unit V fall into the general range for sand-dominated high 
sinuosity rivers of Gibling et al. (2006) in which anastomosing rivers are classified. In 
addition, carbonates are predominant in Unit VI in the studied sector, but not in the 
whole basin. Siliciclastic sedimentation at this time interval in other points of the basin 
also exhibit the same low sedimentation rate (Soria et al., 1998), taking into account 
compaction rates. Provenance patterns and resultant sediments need to be studied 
throughout the basin and its watershed. Considering that 87Sr/86Sr signals from the 
waters of a source area are directly comparable to the rocks/sediments of the receiving 
continental deposit (Davis et al., 2008; 2009; Gierlowski-Kordesch et al., 2008), future 
studies involving the use of Sr isotopes to determine the precise source for the carbonate 
sediments in each stage of infilling of the Guadix Basin will confirm projected 
provenance patterns. 

Thus, using the model proposed by Alonso-Zarza (2003), Unit VI would represent 
the Low Activity Pattern, with a decreased siliciclastic and an increased carbonate input 
of the AS with respect to Unit V. The fluvial style, together with a lower depositional 
gradient in a widening basin, would give rise to the formation of extensive shallow 
ponds where thick palustrine carbonate sequences could accumulate. This situation is 
surmised to occur at the final stages of the infilling of closed basins (Alonso-Zarza et 
al., 1992), which is actually the case here because the top of Unit VI represents the final 
fill of the basin (Fernández et al., 1996a; Soria et al., 1998). At least two different 
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calcretes are recognized capping the sediments of Unit VI, indicating the lack of 
sedimentation above this unit, as it is shown for other sectors of the basin (Azañón et 
al., 2006).  
 
7. Conclusions 
 

It is clear that an integrated sequence-stratigraphy model involving both siliciclastic 
and carbonate, nonmarine sedimentation sequences is needed. The modification of two 
models based on nonmarine sequence stratigraphy (Martinsen et al., 1999 and Alonso-
Zarza, 2003) has been used to interpret the last two units (Units V and VI) of the 
fluvial-lacustrine basin fill of the Guadix Basin, Betic Cordillera, southern Spain. Unit 
V reflects a high accommodation space situation, with a sedimentary pattern of the 
Axial System dominated by thick floodplain, fine siliciclastic sediments composed of 
pedogenically-altered overbank and possible palustrine deposits, where coarser 
sediments belong to high sinuosity channels. The fabrics of the less abundant palustrine 
carbonate deposits of the floodplain indicate seasonal intermediate to subhumid 
hydrologic conditions (Platt and Wright, 1992) with abundant highly-altered Lg facies. 
Unit VI exhibits vertically-stacked carbonate palustrine sequences reflecting a low 
accommodation situation in a sub-humid seasonal conditions with perhaps a higher 
groundwater table, as surmised from carbonate fabrics (Platt and Wright, 1992) and the 
interbedded thin coals. However, the decreasing depositional gradients characterize the 
last stages of the infilling of this ever-widening basin, evidenced by lower 
sedimentation rates across the study sector in comparison to Unit V. The increase in 
carbonates within the floodplain of the Axial System in the study area is attributed to a 
change in the drainage patterns of the fluvial system, coinciding with its north-
eastwards displacement towards the External Zones which exposes dominantly 
limestones.   
 
Acknowledgments 

The assistance of Alfonso Yébenes during the first stages in the study of the 
carbonate facies is gratefully acknowledged. We also acknowledge the useful comments 
of the reviewers, Ana Alonso-Zarza and William Last, whose suggestions have 
improved the quality of the manuscript. This study has been financed by research 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 21

projects CGL2005-06224/BTE (MEC, FEDER), IGME 2001-016, IGME 2005-009, and 
the Working Group RNM-163JA.  
 
References 
 
Allen, J.R.L., 1970. Studies in fluviatile sedimentation: a comparison of fining-upward 

cyclothems, with special reference to coarse member composition and interpretation. 
Journal of Sedimentary Petrology 40, 298–323.  

Allen, J.R.L., 1978. Studies in fluviatile sedimentation: an exploratory quantitative 
model for the architecture of avulsion controlled alluvial suites. Sedimentary 
Geology 21, 129–147. 

Alonso-Zarza, A.M., 2003. Palaeoenvironmental significance of palustrine carbonates 
and calcretes in the geological record. Earth-Science Reviews 60, 261–298. 

Alonso-Zarza, A.M., Calvo, J.P., 2000. Palustrine sedimentation in an episodically 
subsiding basin: the Miocene of the northern Teruel Graben (Spain). 
Palaeogeography, Palaeoclimatology, Palaeoecology 160, 1–21. 

Alonso-Zarza, A.M., Calvo, J.P., García del Cura, M.A., 1992. Palustrine sedimentation 
and associated features —grainification and pseudo-microkarst—in the Middle 
Miocene (Intermediate Unit) of the Madrid Basin, Spain. Sedimentary Geology 76, 
43–61. 

Anderson, D.S., Cross, T.A., 2001. Large-scale cycle architecture in continental strata, 
Hornelen Basin (Devonian), Norway. Journal of Sedimentary Research 71 (2), 255–
271. 

Andrieux, J., Fontboté, J.M., Mattauer, M. 1971. Sur un modèle explicatif de l'Arc de 
Gibraltar. Earth and Planetary Science Letters 12 (2), 191–198. 

Arenas, C., Gutiérrez, F., Osácar, C., Sáncho, C. 2000. Sedimentology and 
geochemistry of fluvio-lacustrine tufa deposits controlled by evaporite solution 
subsidence in the central Ebro Depression, NE Spain. Sedimentology 47, 883–909. 

Arenas, C., Cabrera, L., Ramos, C., 2007. Sedimentology of tufa facies and continental 
microbialites from the Palaeogene of Mallorca Island (Spain). Sedimentary Geology 
197, 1–27. 

Armenteros, I., Huerta, P., 2006. The role of clastic sediment influx in the formation of 
calcrete and palustrine facies: A response to paleographic and climatic conditions in 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 22

the southeastern Tertiary Duero basin (northern Spain). In: Alonso-Zarza, A.M., and 
Tanner, L.H. (Eds.), Paleoenvironmental Record and Applications of Calcretes and 
Palustrine Carbonates, Geological Society of America Special Paper 416, 119–132. 

Armenteros, I., Daley, B., García, E., 1997. Lacustrine and palustrine facies in the 
Bembridge Limestone (late Eocene, Hampshire Basin) of the Isle of Wight, southern 
England. Palaeogeography, Palaeoclimatology, Palaeoecology 128, 111–132. 

Arribas, A., Garrido, G., 2007. Meles iberica n. sp., a new Eurasian badger (Mammalia, 
Carnivora, Mustelidae) from Fonelas P-1 (Plio-Pleistocene boundary, Guadix Basin, 
Spain). Comptes Rendus Palevol 6, 545–555. 

Azañón, J.M., Tuccimei, P., Azor, A., Sánchez-Almazo, I., Alonso-Zarza. A., Soligo, 
M., Pérez-Peña, J.V., 2006. Calcrete features and age estimates from U/Th dating: 
implications for the analysis of Quaternary erosion rates in the northern limb of the 
Sierra Nevada range (Betic Cordillera, southeast Spain). In: Alonso-Zarza, A., 
Tanner, L.H. (Eds.), Paleoenvironmental Records and Applications of Calcretes and 
Palustrine Carbonates, Geological Society of America Special Paper 416, 223–239. 

Bohacs, K.M., Carroll, A.R., Neal, J.E., Mankiewicz, P.J., 2000. Lake-basin type, 
source potential, and hydrocarbon character: an integrated-sequence-stratigraphic– 
geochemical framework. In: Gierlowski-Kordesch, E.H., Kelts, K.R. (Eds.), Lake 
Basins Through Space and Time, AAPG Studies in Geology, Tulsa, OK, 46, 3–34. 

Bohacs, K.M., Carroll, A.R., Neal, J.E., 2003. Lessons from large lake systems – 
thresholds, nonlinearity, and strange attractors. In: Chan, M.A., Archer, A.W. (Eds.), 
Extreme Depositional Environments: Mega End Members in Geologic Time. 
Geological Society of America Special Paper 370, 75–90. 

Bohacs, K.M., Grabowski, Jr., G., Carroll, A.R., 2007. Lithofacies architecture and 
variation in expression of sequence stratigraphy within representative intervals of the 
Green River Formation, Greater Green River Basin, Wyoming: The Mountain 
Geologist 44, 39–58. 

Bridge, J.S. (Ed.) 2003. Rivers and Floodplains. Forms, Processes and Sedimentary 
Record. Blackwell Science, Oxford, 491 p. 

Bridge, J.S., Leeder, M.R., 1979. A simulation model of alluvial overbank 
environments. Sedimentology 26, 617–644. 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 23

Cabrera, L., Sáez, A., 1987. Coal deposition in carbonate-rich shallow lacustrine 
systems: the Calaf and Mequinenza sequences (Oligocene, eastern Ebro Basin, NE 
Spain). Journal Geological Society London 144, 451–461. 

Calvache, M.L., Viseras, C., Fernández, J., 1996. Evolution from endorheic to exorheic 
drainage in the Guadix Basin: geologic and geomorphic implications. In: Mather, 
A.E., Stokes, M. (Eds.), 2nd Cortijo Urra Field Meeting, SE Spain: Field Guide, 
University of Plymouth, 43–48. 

Calvache, M.L., Viseras, C., 1997. Long-term control mechanisms of stream piracy 
processes in southeast Spain. Earth Surface Processes and Landforms 22, 93–105. 

Carroll, A.R., Bohacs, K.M., 1999. Stratigraphic classification of ancient lakes: 
balancing tectonic and climatic controls. Geology 27, 99–102. 

Cecil, C.B., 1990. Paleoclimate controls on stratigraphic repetition of chemical and 
siliciclastic rocks. Geology 18, 533–536. 

Davis, S.J., Wiegand, B.A., Carroll, A.R., Chamberlain, C.P., 2008. The effect of 
drainage reorganization on paleoaltimetry studies: an example from the Paleogene 
Laramide foreland. Earth and Planetary Science Letters 275, 258–268. 

Davis, S.J., Mulch, A., Carroll, A.R., Horton, T.W., Chamberlain, C.P., 2009. 
Paleogene landscape evolution of the central North American Cordillera: developing 
topography and hydrology in the Laramide foreland. Geological Society of America 
Bulletin 120, 100–133. 

De Wet, C., Yocum, D.A., Mora, C., 1998. Carbonate lakes in closed basins: sensitive 
indicators of climate and tectonics: an example from the Gettysburg Basin (Triassic), 
Pennsylvania, USA. In: Stanley, K.W., McCabe, P. J. (Eds.), Relative Role of 
Eustasy, Climate and Tectonism in Continental Rocks. Soc. Econ. Paleont. Miner. 
Special Publication 59, 191–209. 

Drummond, C.N., Wilkinson, B.H., Lohmann, K.C., 1996. Climatic control of fluvial-
lacustrine cyclicity in the Cretaceous Cordilleran foreland basin, western United 
States. Sedimentology 43, 677–689. 

Dunagan, S.P., Turner, C.E., 2004. Regional paleohydrology and paleoclimatic settings 
of wetland/lacustrine depositional systems in the Morrison (Upper Jurassic), Western 
Interior, U.S. Sedimentary Geology 167, 269–296. 

Eberth, D.A., Miall, A.D., 1991. Stratigraphy, sedimentology, and evolution of a 
vertebrate-bearing, braided to anastomosed fluvial system, Cutler Formation 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 24

(Permain-Pennsylvanian), north-central New Mexico. Sedimentary Geology 72, 
225–252. 

Esteban, M., Klappa, C., 1983. Subaerial exposure environment. In: Scholle, P., Bebout, 
D., Moore, C. (Eds.), Carbonate depositional environments, American Association of 
Petroleum Geologists, Memoir 1–54. 

Fernández, J., Bluck, B.J., Viseras, C., 1991. A lacustrine fan-delta system in the 
Pliocene deposits of the Guadix Basin (Betic Cordilleras, South Spain). Cuadernos 
de Geología Ibérica 15, 299–317. 

Fernández, J., Bluck, B.J., Viseras, C., 1993. The effects of fluctuating base level on the 
structure of alluvial fan and associated fan delta deposits: an example from the 
Tertiary of the Betic Cordillera, Spain. Sedimentology 40, 879–893. 

Fernández, J., Soria, J.M. y Viseras, C. 1996a. Stratigraphic architecture of the Neogene 
basins in the central sector of the Betic Cordillera (Spain): tectonic control and base 
level changes. In: Friend, P.F., Dabrio, C.J. (Eds.), Tertiary Basins of Spain: the 
Stratigraphic Record of Crustal Kinematics, Cambridge University Press, 
Cambridge, 353–365.  

Fernández, J., Viseras, C., Soria, J.M. 1996b. Pliocene - Pleistocene continental infilling 
of the Granada and Guadix basins (Betic Cordillera, Spain): the influence of 
allocyclic and autocyclic processes on the resultant stratigraphic organization. In: 
Friend, P.F., Dabrio, C.J. (Eds), Tertiary Basins of Spain: the Stratigraphic Record of 
Crustal Kinematics, Cambridge University Press, Cambridge, 366–371. 

Freytet, P., Plaziat, J.C., 1982. Continental carbonate sedimentation and pedogenesis: 
Late Cretaceous and early Tertiary of southern France: Contributions to 
Sedimentology 12, Stuttgart, Germany, E. Schweizerbartsche Verlagsbuchhandlung, 
213 p. 

Freytet, P., Verrecchia, E.P., 2002. Lacustrine and palustrine carbonate petrography: an 
overview. Journal of Paleolimnology 27, 221–237. 

Garrido, G. and Arribas, A., 2008. Canis accitanus nov. sp., a new small dog (Canidae, 
Carnivora, Mammalia) from the Fonelas P-1 Plio-Pleistocene site (Guadix basin, 
Granada, Spain). Geobios 41, 751–761. 

Gibling, M.R., 2006. Width and thickness of fluvial channel bodies and valley fills in 
the geological record: a literature compilation and classification. Journal of 
Sedimentary Research 76, 731–770. 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 25

Gierlowski-Kordesch, E.H., 1998. Carbonate deposition in an ephemeral siliciclastic 
alluvial system: Jurassic Shuttle Meadow Formation, Newark Supergroup, Hartford 
Basin, USA. Palaeogeography, Palaeoclimatology, Palaeoecology 140, 161–184. 

Gierlowski-Kordesch, E.H., Buchheim, H.P., 2003. Lake basins as archives of 
continental tectonics and paleoclimate: introduction. Journal of Paleolimnology 30, 
113–114. 

Gierlowski-Kordesch, E., Gómez Fernández, J.C., Meléndez, N., 1991. Carbonate and 
coal deposition in an alluvial– lacustrine setting: Lower Cretaceous (Weald) in the 
Iberian Range (east central Spain). In: Anadón, P., Cabrera, L., Kelts, K. (Eds.), 
Lacustrine Facies Analysis, Special Publication International Association of 
Sedimentologists, Blackwell, Oxford, 13, 109–125. 

Gierlowski-Kordesch, E.H., Jacobson, A.D., Blum, J.D., Valero Garcés, B.L., 2008.  
Watershed reconstruction of a Paleocene-Eocene lake basin using Sr isotopes in 
carbonate rocks. Geological Society of America Bulletin 120, 85–95. 

Jackson, R.G. II, 1976. Depositional model of point bars in the lower Wabash River. 
Journal of Sedimentary Petrology 46, 579–594. 

Jervey, M.T., 1988. Quantitative geological modeling of siliciclastic rock sequences and 
their seismic expression. In: Wingus, C.K., Hasting, B.S., Kendall, C.G.S.C., 
Posamentier, H.W., Ross, C.A., Van Wagoner, J.C. (Eds.), Sea Level Research — an 
Integrated Approach, Soc. Econ. Paleont. Miner., Special Publication 48, 47–69. 

Jones, B.F., Bowser, C.J., 1978. The mineralogy and related chemistry of lake 
sediments.  In: Lerman, A. (Ed.), Lakes: Chemistry, Geology, Physics, Springer, 
Berlin, 179–235. 

Kraus, M.J., 1999. Paleosols in clastic sedimentary rocks: their geologic applications. 
Earth-Science Reviews 47, 41–70. 

Kraus, M.J., Gwinn, B., 1997. Facies and facies architecture of Paleogene floodplain 
deposits, Willwood Formation, Bighorn Basin, Wyoming, USA. Sedimentary 
Geology 114, 33–54. 

Kraus, M. J., Hasiotis, S. T., 2006. Significance of different modes of rhizolith 
preservation to interpreting paleoenvironmental and paleohydrologic settings: 
Examples from Paleogene paleosols, Bighorn Basin, Wyoming, U.S.A. Journal of 
Sedimentary Research 76, 633–646. 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 26

Lourens, L., Hilgen, F.J., Shackleton, N.J., Laskar, J., Wilson, D., 2004. The Neogene 
period. In: Gradstein, F.M., Ogg, J.G., Smith, A.G. (Eds.), A Geological Time Scale 
2004, Cambridge University Press, Cambridge, 409–440. 

Luzón, A., 2005. Oligocene Miocene continental sedimentation in the northern Ebro 
Basin, NE Spain: Genetic units, depositional systems and palaeogeographical 
synthesis. Sedimentary Geology 177 (1-2), 19–39. 

Makaske, B., 2001. Anastomosing rivers: a review of their classification, origin and 
sedimentary products. Earth-Science Reviews 53, 149–196. 

 Makaske, B., Berendsen, H.J.A., Van Ree, M.H.M., 2007. Middle Holocene avulsion-
belt deposits in the central Rhine-Meuse delta, The Netherlands. Journal of 
Sedimentary Research 77, 110–123. 

Martinsen, O.J., Ryseth, A., Helland-Hansen, W., Flesche, H., Torkildsen, G., Idil, S., 
1999. Stratigraphic base level and fluvial architecture: Ericson Sandstone 
(Campanian), Rock Springs Uplift, SW Wyoming, USA. Sedimentology 46, 235–
259. 

McGowen, J.H., Garner, L.E., 1970. Physiographic features and stratification types of 
coarse-grained point bars; modern and ancient examples. Sedimentology 14, 77–112. 

Miall, A.D., 1985. Architectural-elements analysis: a new method of facies analysis 
applied to fluvial deposits. Earth-Sci. Rev. 22, 261–308. 

Miall, A.D., 1996. The Geology of Fluvial Deposits: Sedimentary Facies, Basin 
Analysis and Petroleum Geology. Springer-Verlag, New York. 

Nanson, G.C., Croke, J.C., 1992. A genetic classification of floodplains. 
Geomorphology 4, 459–486. 

Nijnman, W., Puigdefábregas, C., 1978. Coarse-grained point bar structure in a 
molasse-type fluvial system, Eocene Castisent Sandstone Formation, south Pyrenean 
Basin. In: Miall, A.D. (Ed.), Fluvial Sedimentology, Canadian Society of Petroleum 
Geologists Memoir 5, 487–510. 

Pedley, H.M., 1990. Classification and environmental models of cool freshwater tufas. 
Sedimentary Geology 68, 143–154. 

Picard, M.P., High, L.R., 1981. Physical stratigraphy of ancient lacustrine deposits: 
Recent and ancient nonmarine depositional environments; models for exploration. 
Society for Sedimentary Geology (SEPM) Special Publication 31, 233–239. 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 27

Pietras, J.T., Carroll, A.R., Rhodes, M.K., 2003. Lake basin response to tectonic 
drainage diversion: Eocene Green River Formation, Wyoming. Journal of 
Paleolimnology 30, 115–125. 

Pla-Pueyo, S., Yébenes, A., Viseras, C., Soria, J.M., Arribas, A., 2007. Palustrine 
sedimentation on a Pliocene-Pleistocene distal floodplain (Guadix Basin, Betic 
Cordillera, S. Spain).  25th Int. Assoc. Sedimentologists Meeting of Sedimentology,  
Patras, Grecia. Book of Abstracts, 140. 

Pla-Pueyo, S., Viseras, C., Soria, J.M.,  Garcés, M., Beamud, E., García, J.A., Arribas, 
A., 2008. Correlación litológica y magnetoestratigráfica de las secciones 
continentales del sector occidental de la Cuenca de Guadix (Cordillera Bética, 
España). (Lithologic and magnetostratigraphic correlation of the continental sections 
from the western sector of the Guadix Basin (Betic Cordillera)). Geo-Temas 10, 
171–174.  

Platt, N.H., 1989. Lacustrine carbonates and pedogenesis: sedimentology and origin of 
palustrine deposits from the Early Cretaceous Rupelo Formation, W Cameros Basin, 
N Spain. Sedimentology 36, 665–684. 

Platt, N.H., Wright, V.P., 1992. Palustrine carbonates at the Florida Everglades: towards 
an exposure index for the fresh-water environment. Journal of Sedimentary Petrology 
62, 1058–1071. 

Sanz, M.E., Alonso-Zarza, A.M., Calvo, J.P., 1995. Carbonate pond deposits related to 
semi-arid alluvial systems: examples from the Tertiary Madrid Basin, Spain. 
Sedimentology 42, 437–452. 

Scherer, C.M.S., Lavina, E.L.C., Dias Filho, D.C., Oliveira, F.M., Bongiolo, D.E., 
Aguiar, E.S., 2007. Stratigraphy and facies architecture of the fluvial–aeolian–
lacustrine Sergi Formation (Upper Jurassic), Recôncavo Basin, Brazil. Sedimentary 
Geology 194, 169–193. 

Shanley, K.W., McCabe, P.J., 1994. Perspectives on the sequence stratigraphy of 
continental strata. American Association of Petroleum Geologists Bulletin 78, 544–
568. 

Soria, J.M., Viseras, C., Fernández, J., 1998. Late Miocene-Pleistocene tectono-
sedimentary evolution and subsidence history of the central Betic Cordillera (Spain): 
a case study in the Guadix intramontane basin. Geological Magazine 135 (4), 565–
574. 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 28

Soria, J.M., Fernández, J., Viseras, C., 1999. Late Miocene stratigraphy and 
palaeogeographic evolution of the intramontane Guadix Basin (Central Betic 
Cordillera, Spain): Implication for an Atlantic-Mediterranean connection. 
Palaeogeography, Palaeoclimatology, Palaeoecology 151, 255–266. 

Stouthamer, E., 2001. Sedimentary products of avulsions in the Holocene Rhine-Meuse 
Delta, The Netherlands. Sedimentary Geology 145, 73–92. 

Talbot, M.R., Allen, P.A., 1996. Lakes. In: Reading, H.G. (Ed.), Sedimentary 
Environments: Processes, Facies and Stratigraphy, Oxford, UK, Blackwell Science, 
83–124. 

Tanner, L.H., 2000. Palustrine – lacustrine and alluvial facies of the (Norian) Owl Rock 
Formation (Chinle Group), Four Corners Region, Southwestern U.S.A: implications 
for late Triassic paleoclimate. Journal of Sedimentary Research 70, 1280–1290. 

Valero Garcés, B.L., Gierlowski-Kordesch, E., Bragonier, W.A., 1997. Pennsylvanian 
continental cyclothem development: no evidence of direct climatic control in the 
Upper Freeport Formation (Allegheny Group) of Pennsylvania (northern 
Appalachian Basin). Sedimentary Geology 109, 305–319. 

Van Houten, F.B., 1964. Cyclic lacustrine sedimentation, Upper Triassic Lockatong 
Formation, central New Jersey and adjacent Pennsylvania. In: Merrian, D.F. (Ed.), 
Symposium on Cyclic Sedimentation. Kansas Geological Survey Bulletin, 169, 495–
531. 

Vera, J.A., 1970. Estudio estratigráfico de la Depresión Guadix-Baza. (Stratigraphic 
study of the Guadix-Baza basin). Boletín Geológico y Minero LXXXI-V, 429–462. 

Vera, J.A., 2001. Evolution of the South Iberian Continental Margin. In: Ziegler, P.A., 
Cavazza, W., Robertson, A.H.F., Crasquin-Soleau, S., (Eds.), Peri-Tethys Memoir 6: 
Peri-Tethyan Rift / Wrench Basins and Passive Margins, Mém. Mus. Hist. Nat., 186, 
109–143.  

Viseras, C., 1991. Estratigrafía y sedimentología del relleno aluvial de la Cuenca de 
Guadix (Cordilleras Béticas). (Stratigraphy and sedimentology of the alluvial filling 
of the Guadix Basin (Betic Cordillera). Ph.D. Dissertation, University of Granada, 
Granada, Spain, 327 p.  

Viseras, C., Fernández, J., 1992. Sedimentary basin destruction inferred from the 
evolution of drainage systems in the Betic Cordillera, southern Spain. Journal of the 
Geological Society (London) 149, 1021–1029. 



Author version of Pla-Pueyo et al 2009, Sed. Geo. 219, 97-114 (CC-BY-NC-ND user license ) 
 

 29

Viseras, C., Fernández, J., 1994. Channel migration patterns and related sequences in 
some alluvial fan systems. Sedimentary Geology 88, 201–217. 

Viseras, C., Fernández, J., 1995. The role of erosion and deposition in the construction 
of alluvial fan sequences in the Guadix Formation (SE Spain). Geologie en 
Mijnbouw 74, 21–33. 

Viseras, C., Soria, J.M., Fernández, J., García García, F., 2005. The Neogene-
Quaternary basins of the Betic Cordillera: an overview. Geophysical Research 
Abstracts 7, 11123–11127. 

Viseras, C., Soria, J.M., Durán, J.J., Pla, S., Garrido, G., García-García, F., Arribas, A., 
2006. A large-mammal site in a meandering fluvial context (Fonelas P-1, Late 
Pliocene, Guadix Basin, Spain). Sedimentological keys for its paleoenvironmental 
reconstruction. Palaeogeography, Palaeoclimatology, Palaeoecology 242, 139–168. 

Wright, V.P., 1999. Assessing flood duration gradients and fine-scale environmental 
change on ancient floodplains. In: Marriott, S.B., Alexander, J. (Eds.), Floodplains: 
Interdisciplinary Approaches. Geological Society, London, Special Publication 163, 
279–287. 

Wright, V.P., Marriott, S.B., 1993. The sequence stratigraphy of fluvial depositional 
systems: the role of floodplain sediment storage. Sedimentary Geology 86, 203–210. 

Wright , V.P., Tucker, M.E., 1991. Calcretes: an introduction. In: Wright, V.P., Tucker, 
M.E. (Eds.), Calcretes, Int. Assoc. Sedimentologists Reprint Series, 2, 1–22. 
Blackwell-Oxford. 

 
 
 
 
 
Figure Captions 
Fig. 1. Geologic map of the Betic Cordillera, showing the position of the Guadix Basin 
in its central sector.  
Fig. 2 Geologic context of the Guadix Basin. The rectangle represents the studied area 
(modified from Viseras et al., 2006). 
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Fig. 3. Genetic units in which the infilling of the Guadix Basin can be divided (modified 
from Fernández et al., 1996a). 
Fig. 4. 3D representation of the paleogeography of the Guadix Basin through the 
Pliocene and the Pleistocene, showing the spatial distribution of the three main drainage 
systems: the Axial System (AS), the Internal Transverse System (ITS), and the External 
Transverse System (ETS) (modified from Viseras et al., 2006).  
Fig. 5. Image from Google Earth@ showing the study area in the Guadix Basin. The 
eleven measured stratigraphic profiles are represented by lines. 
Fig. 6. Correlation scheme where litho-, bio- and magnetostratigraphic data are 
represented. The lines crossing the diagram horizontally are isochrons, extrapolated 
from the paleomagnetic data.  The thick line at the top of the normal polarity chron 
marked Olduvai is the boundary between Unit V and VI (modified from Pla Pueyo et 
al., 2008). 
Fig. 7. Lithologic distribution of the clasts belonging to the alluvial and fluvial sediment 
of the Guadix Basin (modified from Viseras, 1991). 
Fig. 8. Reconstruction of the paleoenvironment interpreted for Unit V. Transverse 
sections of channels showing lateral accretion and tabular carbonate beds appear within 
sandy-clay sediments with root activity, representing the typical sedimentary pattern in 
cross-section. A crevasse splay is along the margin of a high sinuosity channel and 
carbonates accumulate in protected floodplain areas. 
Fig. 9. (A) Outcrop of a sand body embedded in sandy-clay units in the FSCC-1 section 
within Unit V. (B) Detail of the sand body from (A), where lateral accretion surfaces are 
marked (facies Sla, see Table 3A for more information). (C) Outcrop relationships of 
the lower-middle part of the FBP-SVY-1 section (see Figure 6) of Unit V. The 
intercalated beds of the Internal Transverse System facies, corresponding in this area to 
distal sand- to clay- sized sediments, are indicated by “ITS”. The architectural elements 
of the Axial System are the sandy-clay units (SCU) and the tabular carbonate bodies 
(TCB). 
 
Fig. 10. (A) Field photograph of a phytohermic framestone from section FBP-SVY-1 
from the studied sector of the Guadix Basin. Hammer at lower right for scale. (B) Thin 
section of a plant stem of the same phytohermic framestone, showing alternating micrite 
and sparry cement layers.  
Fig. 11. (A) Photograph of a calcilutite with ostracodes from section FBP-SVY-1 in thin 
section with the typical features of a Cm lithofacies. The bar scale is 100m long. (B) 
Field photograph of rhizocretions (lithofacies Cr). (C) Hand sample of lithofacies M 
from section FBP-SVY-1. (D) Nodular limestone from section FBP-SVY-1 in hand 
sample. (E) Peloidal texture in thin section (lithofacies Lg, section FBP-SVY-1). (F) 
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Hand sample from section FPB-4 showing a laminar/brecciated texture (lithofacies Ll). 
The geographic position of each measured section is shown in Figure 4.  
 
Fig. 12. Reconstruction of the paleoenvironment interpreted for Unit VI in the studied 
sector, showing in cross-section the typical sedimentary pattern for this unit, dominated 
by carbonate sheets stacked vertically in the Axial System. The surface is mostly 
occupied by shallow but laterally extensive ponds with root activity. 
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Table 1 
Provenance of the sediments in the studied area in the Guadix Basin. 
 
Drainage System 

 
Main Source Area 

 
High Reliefs in the 
Source Area 

Resultant 
depositional 
lithology 

Axial System 
(AS) 

Internal Zones 
(Nevado Filábride 
Complex)+ 
transverse inputs 

 
Sierra Nevada 

 
Quartzites, 
Mica schists 

 
Internal 
Transverse System 
(ITS) 

Internal Zones 
(Nevado-Filábride, 
Alpujárride and 
Maláguide 
Complexes) 

 
Sierra Nevada 
Sierra de Baza 

 
Quartzites, 
Micas chists, 
Dolomitic marbles 

External 
Transverse System 
(ETS) 
 

External Zones 
(Subbetic Zone and 
Betic Dorsal) 

 
Cerro Mencal, 
Sierra Arana 

Mesozoic 
limestones and 
chert 
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Table 2 

Architectural elements defined for Units V and VI in the studied sector of the Guadix 
Basin. For lithofacies descriptions, see Table 3. 
 
 

 
 

 
 

Unit 
 
 

Element 
 
 

Geometry 
Dimensions 
(Thickness 

& 
Lateral 
extent) 

 
Lithofacies 
association 

 
 

Interpretation 

 
 
 
 
 
 
 
 
 
 

V 

 
Gravel-sand 

channels 
 

Ribbon 
 

th.:  5-8 m 
l.e.: 15-20 m 

 
Gt/St, Sla, 
Gp/Sp, Sr, 

Fl 

Single to 
multistorey 

ribbon channel 
filled in several 

stages 
 

Sand bodies 
 

 
Ribbon 

 
th.: m  
l.e.: m 

Sla-St/Sr-
Sh-So-Fl-

Fm/Fo 
Secondary 

single ribbon 
channel  

 
Sand-clay 

units 
 

Tabular 
 

th.: cm-m  
l.e.: hm-km  

 

 
So-Fo/Fb 

Floodplain 
deposits with 

paleosol 
development 

 
Phytohermic 
framestone 

 

 
Mound-like 

 
 

th.: 1-2 m  
l.e.: 5-20 m 

 
Cm, T 

 
 

Palustrine tufa 
mounds  

 
Tabular 

carbonate 
beds 

 

 
Lenticular/ 

Tabular 
 

th.: 5cm-
50cm 

l.e.: hm-km 

 
So-Cs-Cr-
Cm/Co/M-
Lo/Ln/Lg  

(T) 

 
Ephemeral lake 

on the 
floodplain 

 
 
 
 
 
 

VI 

 
 

Silt-clay units 
 

 
 

Tabular 
 
 

th: cm-m 
l.e.: hm-km 

 
 

Fo 
Distal 

floodplain 
deposits with 

paleosol 
development 

 
 

Carbonate 
sheets 

 

 
 

Sheet 
 

th.: 10cm-
2m 

l.e.: hm-km 

 
Co/M-
Lo/Ln 

 
Long-term 
palustrine 
conditions 

 
Carbonate 

layer 
 

 
Thin layer 

 
th.:1-10cm 
l.e.: hm-km 

 
Ll 

 
Laminar 
calcrete 
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Table 4  
Comparison of Martinsen et al. (1999) and Alonso Zarza (2003) sequence-stratigraphic 

models for continental basins. 
 
 
 
 
 
 
 
 
 

Martinsen et al., 1999 Alonso Zarza, 2003 
 
 
 
A/S  > 1   

 
 
 

LAS 

Multistorey, 
multi-lateral 
stacking of 
channels, no 
preservation of 
fine material, 
possible 
flooding 

 
 
 
 
 

Low Activity 
Pattern 

 
Vertically stacked 
palustrine 
sequences in the 
alluvial/fluvial 
floodplain 
 
Typical at final 
stages of the 
infilling of closed 
basins 

 
 

A/S = 1 
Boundary 
between 
system 
tracts 

Expanded 
successions 
with high 
probability of 
being flooded 

 
 
 
0 < A/S< 1 

 
 
 

HAS 

 
 
Widely spaced 
channels, high 
preservation of 
fine material 

 
 

High Activity 
Pattern 

 

Thick floodplain 
deposits with 
isolated channels, 
small ponds and 
weakly-developed 
soils interbedded 
with siliciclastic 
alluvial deposits 

 
 

A/S ≤ 0 
Boundary 
between 
system 
tracts 

Sediment 
bypass and 
regional erosion 
surfaces 
development 

 
Sequence 

boundaries 
Calcretes and 
paleosols, their 
maturity depending 
on duration of 
exposure 
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Table 5 

Classification in terms of sequence stratigraphy of Units V and VI in the studied sector in the Guadix 
Basin. For further information about both models, see Table 4. 
*the sedimentary pattern for Unit VI is carbonate-dominated, which differs from original LAS description 
 
 
 
 
 

 
Genetic 
Unit 

 
Accommodation 

space 
 

Sedimentary 
pattern 

Classification 
after Martinsen 

et al. (1999) 
model 

Classification 
after Alonso- 
Zarza (2003) 

model 
 

Top of Unit 
VI 

Basin totally 
infilled (no 

accommodation 
space available) 

Mature 
pedogenic 

calcrete and 
paleosol 

development 

 
 

A/S < 0 
 

Sequence 
boundaries 

 
 
 
 

Unit VI 
 

 
 
 

Low 
accommodation 

space 

Vertically- 
stacked  

carbonate 
palustrine 
sequences. 
Floodplain 

sediments with 
some immature 

paleosol 
development. 

 
 
 
 

LAS* 
 

 
 
 
 

Low Activity 
Pattern 

 
 
 
 
 
 

Unit V 
 

 
 
 
 
 

High 
accommodation 

space 

Thick and fine 
floodplain 

deposits and 
isolated single 
to multistorey 

channels. Some 
immature 
paleosol 

development. 
Few tabular 

carbonate beds 
with palustrine 

features. 

 
 
 
 
 
 

HAS 

 
 
 
 
 
 

High Activity 
Pattern 
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