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INTRODUCTION

The Basque-Cantabrian Basin currently constitutes 
the only location with onshore hydrocarbon production 
within the Iberian Peninsula. The basin covers a wide 
onshore and offshore area and is located between the 
Paleozoic Basque and Asturian massifs in the East and 

West, respectively, the Tertiary Ebro and Duero basins 
in the South and the Bay of Biscay in the North (Fig. 
1A). This northern Spanish Mesozoic–Cenozoic basin 
was folded and thrusted during the Pyrenean orogeny 
and its present structure consists of a north and south 
verging thrust belt. Detailed structural and stratigraphic 
descriptions of the Basque-Cantabrian Basin have been 
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reported by several authors (Ramírez del Pozo, 1969; 
Pujalte, 1977; Salamon, 1982; Rat, 1988; Grafe and 
Wiedmann, 1993; Cámara, 1997; Gómez et al., 2002; 
Capote et al., 2002; Barnolas and Pujalte, 2004).

In the 1960s, occurrence of Lower Cretaceous tar sands 
in the south–western part of the Basque-Cantabrian Basin 
led to the discovery of the Ayoluengo onshore oil field. 
Its structure consist of a Late Jurassic–Early Cretaceous 
salt-related extensively faulted anticline, whose main 
reservoirs are Upper Jurassic–Lower Cretaceous 
siliciclastic sandstone beds with porosities ranging from 
15% to 25% and permeabilities up to 1000mD (Sanz, 
1967; Álvarez de Buergo and García, 1996; Quesada et 
al., 1997). Geochemical studies focusing on biomarker 
oil-to-source rock correlations (Quesada et al., 1997; 
Beroiz and Permanyer, 2011) showed that the Ayoluengo 
oil is derived from a Pliensbachian–Toarcian shale 
source rock. These Lower Jurassic organic-rich shales 
stand out in the whole Liassic sequence by having total 
organic carbon (TOC) content around 4%, high Rock-
Eval S2 values (S2≤21mg HC per gram of rock) and 
hydrogen indices (HI) greater than 400mg HC per gram 
of organic carbon (Quesada et al., 1997; Quesada et al., 
2005; Beroiz and Permanyer, 2011). Similar facies have 
also been reported in the North Sea and the Paris Basin 
and proved there as effective source rocks (Cooper and 
Barnard, 1984; Herron and Le Tendre, 1990; Huc, 1990). 
Additionally, δ13C isotopic studies suggest that Lower 
Cretaceous tar sands outcropping near the Ayoluengo oil 
field (e.g. Basconcillos del Tozo and Zamanzas locations) 
have the same origin as the Ayoluengo oil (Beroiz and 
Permanyer, 2011). 

Furthermore, oil shows are common throughout the 
Basque-Cantabrian Basin. For instance, pyrobitumens in 
Albian carbonates in the northern margin of the basin have 
been studied by Agirrezabala et al. (2008), who concluded 
that they correlate with a previously unrecognised 
source rock in the basin, i.e., the Middle Albian–Lower 
Cenomanian Black Flysch Group (mid-Cretaceous), whose 
TOC content is around 1%. 

In the south-eastern part of the Basque-Cantabrian Basin 
(Álava sector) bitumen-impregnated Upper Cretaceous 
Campanian and Maastrichtian carbonates and sands occur, 
outcropping beside Triassic diapiric structures. Studies 
of these hydrocarbons were carried out by Dorronsoro 
et al. (1994) and García Sánchez (1994), though no 
correlation with the western hydrocarbons of the basin 
has been carried out until now. Therefore, this paper 
reports on hydrocarbons sampled in exhumed reservoirs 
near the Maestu and Peñacerrada diapirs in order to: i) 
characterize their biodegradation and maturity level, ii) 
suggest a depositional environment and source rock, and, 

above all, iii) to determine their genetic resemblance 
to hydrocarbons of the Ayoluengo oil field. For this 
purpose, a geochemical study including quantification of 
saturated and aromatic hydrocarbons, as well as resins 
and asphaltenes (SARA), stable carbon isotope analyses 
and gas chromatography-mass spectrometry have been 
carried out. 

GEOLOGICAL SETTING 

The origin and evolution of the Basque-Cantabrian 
Basin is linked to the Permo–Triassic and Late Jurassic-
Early Cretaceous rifting cycles, the latter being associated 
with the opening of the North Atlantic and the Bay of 
Biscay. Its present structure is also a result of the Pyrenean 
compression (Late Eocene to Miocene), in which Keuper 
evaporites acted as the detachment level promoting the 
formation of diapirs, which are abundant in the central and 
eastern part of the Basque-Cantabrian Basin. 

After predominant sedimentation of clays and 
evaporites during Keuper times, subsidence in the basin 
led to a Jurassic marine transgression which formed 
a fairly uniform platform deposit: the Liassic-Dogger 
macrosequence, characterized by shallow facies such as 
Sinemurian shallow-marine carbonates, Pliensbachian to 
Toarcian organic-rich marls and shales or mid-Jurassic 
interbedded lime mudstones and marls (Beroiz and 
Permanyer, 2011). In Late-Jurassic and until Aptian–
Albian, a second rifting cycle took place that ended with 
the oceanic crust creation in the central part of the Bay of 
Biscay (Roest and Srivastava, 1991; Alonso et al., 2007). 
Within this area, syn-rift sequences are basically clastic. 
During Cenomanian and Santonian times, a widespread 
marine transgression occurred and depositional facies 
consisted of shallow-marine carbonates and shales. 
Compression associated with the Pyrenean orogeny firstly 
took place in Late Santonian and led to a gradual uplift 
and the onset of a marine regression (Maastrichtian), when 
very shallow marine carbonates, dolomite and evaporites 
were deposited (Portero and Ramírez, 1979; Gräfe and 
Wiedmann, 1993). Main orogeny phases responsible for 
the current-day-observed fold-and-thrust topography 
and diapirism occurred during Late Eocene and Miocene 
times (Alonso et al., 2007). Paleocene to Early Oligocene 
deposits consist of continental to lacustrine sediments 
whilst Late Oligocene to Miocene sedimentation is mainly 
clastic and occurred as post-orogenic molasse (Alonso-
Zarza et al., 2002).

The main study area is located in the south-eastern 
margin of the Basque-Cantabrian Basin, between the 
Miranda–Treviño–Urbasa syncline and the Cantabrian 
Ranges (Fig. 1B). Within this area, the deformation 
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is mainly located in the aforementioned ranges, highly 
folded and thrusted. The Miranda–Treviño–Urbasa 
syncline (ENE–WSW) is locally affected by the Maestu 
diapir. Besides the Maestu and Peñacerrada diapirs, 
gravimetric studies reveal a non-outcropping diapir near 
Santa Cruz de Campezo (Carreras-Suárez and Ramírez 
del Pozo, 1978). Associated with these diapirs, Late 
Cretaceous (Campanian and Maastrichtian) materials are 
bitumen-impregnated.

METHODS

Samples 

Six asphaltic oil samples were collected from three 
different outcrops in the south-eastern part of the Basque-
Cantabrian Basin (see Fig. 1B). Maestu-1 and Maestu-7 
samples are grainstones with micro- and macro-
foraminifera, echinoderms and bivalves. Atauri-3 is a 
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FIGURE 1. A) Geological map of the Basque-Cantabrian Basin (modified from Ábalos et al., 2008). Two sampled areas, referred in the text as 
the eastern sector (Álava) and the western sector are marked; B) Geological map of the main study zone (Álava sector, south-eastern Basque-
Cantabrian Basin). 
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packstone with foraminifera, bryozoans and red algae, 
and abundant rock fragments. Atauri-4 is a wackestone of 
foraminifera with detrital quartz and bryozoans. Loza-1 
is a matrix-supported lithic arenite with quartz, sandstone 
and dolomite rock fragments, detrital quartz, feldspar and 
echinoderms. Loza-3 is a grainstone with bryozoans, red 
algae and abundant detrital quartz and quartzite (Marín, 
2012). Two Lower Cretaceous oil shows (Rampalay-1 
and Rampalay-2) outcropping in the south-western part 
of the Basque-Cantabrian Basin (see Fig. 1a) have also 
been sampled. Lastly, other data (Beroiz and Permanyer, 
2011; Permanyer et al., 2013) have been used in this study, 
namely: i) gas chromatography-mass spectrometry (GC-
MS) profiles of the saturated hydrocarbons of the Jurassic 
(Pliensbachian–Toarcian) source rock outcropping in 
Cordovilla (south-western part of the Basque-Cantabrian 
Basin; see Fig. 1a) and ii) stable carbon isotope results 
of two oils from the Ayoluengo field (AYO-32 and AYO-
38).

All samples were dehydrated with warm toluene 
(ASTM D1796 standard method; American Society for 
Testing and Materials, 2004). An aliquot of each sample 
was fractionated into saturated and aromatic hydrocarbons, 
resins and asphaltenes compounds (SARA method; Bennett 
and Larter, 2000). 

Saturated and aromatic hydrocarbons were analysed 
by gas chromatography-mass spectrometry (GC-MS). The 
GC-MS analyses were performed on a Thermo Scientific 
Trace GC Ultra gas chromatograph with a DB-5 Agilent 
Technologies column (60m × 0.25mm i.d. × 0.1μm film) 
coupled to a ITQ900 mass spectrometer. Samples were 
injected using a splitless injector at 280ºC, and helium 
was used as a carrier gas with a constant flow rate of 1ml/
min. The oven temperature was programmed to run from 

an initial temperature of 40°C (held for 1min) to a final 
temperature of 300°C at 2°C/min, and then held at 300°C 
for 60min. The mass spectrometer was operated in selective 
ion monitoring (SIM) electron impact mode (electron input 
energy, 40eV; source temperature, 200°C). Ions at m/z 57, 
84, 123, 177, 183, 191, 205, 217, 231 and 259 (saturated 
fraction) and m/z 142, 156, 170, 178, 184, 192, 198, 206, 
231 and 253 (aromatic fraction) were scanned with a dwell 
time of 0.1s. Data were acquired with Xcalibur software. 

GC-MS full scan analyses of selected samples were 
carried out on a Shimadzu QP2010 gas chromatograph-mass 
spectrometer with a DB-5 Agilent Technologies column 
(60m x 0.25mm i.d. × 0.1μm film). GC conditions are the 
same to those described above. The mass spectrometer 
was operated in full scan electron impact mode (electron 
input energy, 40eV; source temperature, 200°C). Data were 
analyzed with Shimadzu software. 

Carbon isotopic determination on whole oil and SARA 
fractions was performed using a Thermo Finnigan1112 
elemental analyzer coupled to a Finnigan Mat Delta C 
mass spectrometer. The reference materials were USGS-
40 L-glutamic acid, IAEA-CH6 saccharose, IAEA-CH7 
polyethylene, IAEA 600caffeine, and acetanilide. The 
13C/12C ratio is reported in “δ” notation and δ13C refers to 
PDB (pee dee belemnite).

Ni and V concentrations were determined on all 
samples using an energy-dispersive X-ray Panalytical 
Axios spectrometer. Also, isolation, purification, and 
HPLC analyses of ETIO VO-porphyrins and vanadyl-
DPEP followed the procedure of Sundararaman (1985). 
Finally, a hierarchical cluster analysis based on isotopic 
data and other parameters was performed using the SPSS 
18.0 package for Windows.

Table 1. SARA fractioning (wt.%), V-to-Ni and carbon isotopic values (‰) for the eastern oil shows (Atauri, Loza and Maestu) and western 
hydrocarbons (Rampalay tar sands and Ayoluengo oils).  

Sample Saturates Aromatics Resins Asphaltenes δ13Csat δ13Caro δ13Cres δ13Casp δ13Cwhole oil Ni (ppm) V/(Ni+V) 

Atauri-3 7.38 22.45 9.08 61.09 -28.3 -25.84 -26.02 -26.34 -26.24 12 0.45 

Atauri-4 10.8 16.48 7.7 65.02 -28.11 -25.8 -25.81 -26.34 -26.05 10 0.46 

Loza-1 11.87 37.88 13.78 36.46 -27.79 -25.77 -25.85 -26.02 -25.5 8 0.43 

Loza-3 7.77 17.86 8.16 66.21 -27.8 -25.77 -25.96 -26.01 -25.99 7 0.43 

Maestu-1 12.18 30.69 11.67 45.46 -28.16 -25.66 -25.85 -26.36 -26.17 13 0.45 

Maestu-7 13.24 27.51 14.03 45.21 -28.2 -25.76 -25.76 -26.29 -24.44 10 0.44 

Rampalay-1 36.01 31.59 19.78 12.62 -29.67 -29.02 -29.32 -29.47 -29.44 - - 

Rampalay-2 32.81 13.12 21.73 32.34 -29.71 -28.99 -29.25 -29.6 -29.46 - - 

Ayoluengo-32a - - - - -30.11 -29.32 -29.51 -29.31 -29.99 0.13 0.68 

Ayoluengo-38a - - - - -29.87 -29.12 -29.53 -28.96 -29.98 0.12 0.67 
aData from Permanyer et al. (2013) 
 

TABLE 1. SARA fractioning (wt.%), V-to-Ni and carbon isotopic values (‰) for the eastern oil shows (Atauri, Loza and Maestu) and western 
hydrocarbons (Rampalay tar sands and Ayoluengo oils)
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results and discussioN

Asphaltic oil characteristics

Bulk geochemical data

Table 1 shows the bulk vanadium and nickel 
composition of all the samples from the Álava sector. 
Group type analyses (SARA fractions expressed as weight 
percentage) indicate that the six samples have a similar 
composition: 16.48–37.88% of aromatics (average 25.5%), 
saturated hydrocarbons not exceeding 13.24%, and a polar 
fraction ranging between 50.25 and 74.37%. Thus, these 
oil shows consist of “heavy or degraded oils” according 
to Tissot and Welte (1984). All samples show asphaltene 
percentages (up to 66.21%) significantly higher than resin 
contents. 

Hydrocarbons extracted from Rampalay-1 and 
Rampalay-2 tar sands show percentages of saturated 
hydrocarbons (around 34%, see Table 1) slightly higher 
than those of the samples from Álava, and they both can 
be classified as “aromatic oils” (Tissot and Welte, 1984). 
In addition, these two tar sands show resin percentages 
slightly higher, and asphaltene contents lower than those 
of the six eastern asphaltic oil materials. 

Samples from Álava show similar V/(Ni+V) ratios 
(approximately 0.45) and Ni concentrations close to 10ppm. 
V/(Ni+V) ratios averaging 0.67 have been previously 
reported for Ayoluengo oils (Permanyer et al., 2013). 

Carbon isotopic data 

The similar isotopic compositions of the six asphaltic 
oils from the Álava sector (whole oil, saturates, aromatics, 
resins and asphaltenes; Fig. 2) suggests that these oil 
shows were all derived from the same source rock. The 
δ13C signature of Rampalay tar sands is almost identical 
to the isotopic composition of the Ayoluengo oils (Beroiz 
and Permanyer, 2011). These two tar sands are isotopically 
lighter (about 3‰) than the six samples from the eastern 
part of the Basque-Cantabrian Basin. Standard deviations 
are close enough to analytical error (0.5‰). Although 
carbon isotopic differences up to 3‰ can be explained 
by biodegradation and maturation processes (Peters et al., 
2005), other evidences could suggest that these differences 
may be caused by the existence of two groups of genetically 
related oil shows. 

As shown in the Sofer diagram (Sofer, 1984; Fig. 2B), 
the six samples from the Álava sector are located on the 
terrigenous organic matter line. In contrast, δ13C values 
for the oils and tar sands from the western part of the 
Basque-Cantabrian Basin indicate a marine source organic 

matter (Beroiz and Permanyer, 2011). Nevertheless, it is 
noteworthy that biodegradation may alter carbon isotopic 
signature towards less negative δ13C values (Sofer, 1984; 
Peters et al., 2005; Galimov, 2006). Such isotopic shift in 
the non-polar fractions is sometimes negligible (Mansuy 
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et al., 1997; Meckenstock et al., 1999) or may be up to 
4‰ (Galimov and Frik, 1985). The two similar and 
biodegraded Rampalay samples (as discussed below) have 
shifts lower than 0.5‰ when compared with the unaltered 
Ayoluengo oils. For the samples from the eastern part of 
the Basque-Cantabrian Basin, as their source rock is yet to 
be determined, the due-to-biodegradation shift is unknown. 

Saturated hydrocarbons

Gas chromatographic analyses of saturates show a lack 
of n-alkanes and isoprenoids in each of the six asphaltic oil 
materials from Álava and both tar sands from Rampalay 
(Fig. 3). Tricyclopolyprenanes can be observed in all the 
samples from the Álava sector, whereas hopanoids appear 
to be partly (Loza-1, Loza-3 and Maestu-7) or almost 
completely removed (Maestu-1 and Atauri-3). Also, a high 
abundance of gammacerane compared to other triterpanes 
is observed in some of the samples (Fig. 4A). 18α(H)-
22,29,30 trisnorneohopane (Ts) and 17α(H)-22,29,30 
trisnorhopane (Tm) are unaltered or only slightly affected 
in Loza-1, Loza-3 and Maestu-7, but both biomarkers 
are not present in Maestu-1 or Atauri-3. Rampalay-1 and 
Rampalay-2 have a common m/z 191 mass chromatogram 
profile (Fig. 4a), showing distinctive Ts/Tm and C3522S/
C3422S hopanes ratios when comparing to Atauri-4. 

C27 and C28 regular sterane homologues appear to 
be highly degraded in Loza-1 and Loza-3, whereas C29 
homologues and C27 diasteranes appear to be only partially 
removed and near-intact, respectively. No preference for 
any isomer or stereoisomer is observed. C30 steranes and 
pregnanes remain unaltered in these two similar samples 
(Fig. 4B). In contrast, C27, C28, and C29 regular steranes 
are absent in Atauri-3, Atauri-4, Maestu-1, and Maestu-7, 
which can indicate more severe surface biodegradation 
processes (Seifert et al., 1984). However, tar sands from 
the south-western Basque-Cantabrian Basin and the 
Jurassic source-rock from Cordovilla can be characterized 
by the C27>C28>C29 pattern of regular steranes and the 
near-absence of pregnanes (see Fig. 4B), whereas 20S and 
20R isomers of 13β(H),17α(H)-diacholestane appear to be 
abundant in these three asphaltic oil materials. 

Gas chromatograms of saturates of samples from Álava 
reveal several rare peaks with retention times similar to those 
of extended hopanes appear as well (see Figs. 3 and 4A). 
In fact, the m/z 191 and 217 mass chromatograms exhibit 
clear signals that may correspond to several hexacyclic and 
heptacyclic alkanes. Though these hydrocarbon compounds 
are dominant in Atauri-3, Atauri-4, Maestu-1or Maestu-7 
and may have been unmasked with biodegradation, they 
are also present in Loza-1 and Loza-3. On the contrary, 
these hexacyclic and heptacyclic alkanes are not present in 
Rampalay-1, Rampalay-2, and the Cordovilla source rock 

(see Fig. 4a). GC-MS full scan analyses have led to identify 
these latter alkanes as a series of C33 to C39 hexacyclic and 
C36 to C38 heptacyclic alkanes (Table 2). 

The C33 to C35 homologues of the hexacyclic alkanes 
have been reported previously by Dorronsoro et al. (1994). 
In addition, C33–C36 hexacyclic and C37–C40 heptacyclic 
alkanes have also been observed in the ostracode zone-
sourced oils from the Western Canada sedimentary basin 
(Li et al., 1996), and they are thought to derive from a 
restricted, brackish to freshwater environment. Series of 
C33–C43 hexacyclic and heptacyclic alkanes have also been 
identified in carbonate source rocks in the Aquitaine Basin 
(Poinsot et al., 1995). 

FIGURE 3. Gas chromatograms of the saturated fractions of the western 
tar sands (Rampalay-1) and three progressively more biodegraded 
eastern oil shows (Loza-1, Atauri-4, Maestu-7 and Maestu-1). 
Compounds are listed in the Appendix.
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FIGURE 4. Mass fragmentograms of western hydrocarbons (Cordovilla source rock and Rampalay-1 tar sand) and eastern hydrocarbons (Loza-1, 
Atauri-4, Maestu-7 and Maestu-1 oil shows). A) Triterpanes mass fragmentograms (m/z 191); B) Steranes mass fragmentograms (m/z 217). 
Compounds are listed in the Appendix.
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Aromatic hydrocarbons 

Gas chromatographic analyses of the aromatic fraction 
show a lack of low molecular weight compounds and an 
unresolved hump in each of the six oil shows from the 
Álava sector (Fig. 5). 

Triaromatic steroid distributions have been clearly 
identified in Rampalay-1, Rampalay-2, Loza-1, and 
Loza-3. Monoaromatic steroids have not been detected 
in Maestu-1 or Atauri-3. However, the presence of 
monoaromatic diasteroids has been observed in these latter 
two samples. Also, all samples from Álava display several 
peaks eluting at higher retention times. GC-MS full scan 
has led to identify these latter peaks as a series of C31 to 
C34 diaromatic hydrocarbons (Fig. 5). On the contrary, the 
two Rampalay tar sands do not exhibit the signals of these 
diaromatic compounds. Figure 6 shows the representative 
mass spectra of the aforementioned series of hexacyclic and 
heptacyclic alkanes, as well as of the series of diaromatic 
hydrocarbons.

Biodegradation

Thermal maturity and source determination of 
organic matter in oil shows can be problematic given that 
biomarkers may be affected by biodegradation (Bennett 

and Larter, 2006). The six samples from the eastern 
Basque-Cantabrian Basin have been heavily altered by 
biodegradation. All the samples show a lack of n-alkanes, 
isoprenoids, phenanthrenes, and dibenzothiophenes, 
among others. 25-norhopanes were not detected in these 
six samples and, consequently, can be stated that steranes 
were biodegraded earlier than hopanes, thereby suggesting 
surface biodegradation (Peters et al., 2005). 

The near-total absence of C27 to C28 regular steranes 
and the partial depletion of C29 homologues in Loza-1 and 
Loza-3 samples indicate a biodegradation level between 
6 and 7 according to the Peters and Moldowan scale 
(Peters et al., 2005). In these two oil shows, pentacyclic 
triterpanes are partially - C29 and C30 17α-hopanes - or 
completely - extended hopanes - depleted, supporting 
surface biodegradation (Peters and Moldowan, 1991). In 
contrast, tricyclopolyprenanes, diasteranes, and aromatic 
steroids remain unaltered. Atauri-4 has been ranked at 
biodegradation level 8, which means that this sample 
has a depletion of steranes, diasteranes, pregnanes, 
and triaromatic steroids, though showing a well-
defined distribution of triterpanes. Although we cannot 
preclude other possibilities - mixture of oil charges and/
or multiple alteration processes - to account for this 
anomalous triterpane distribution, exceptionally there 
are modifications in the usual order of the biodegradation 

Table 2. List of hexacyclic and heptacyclic alkanes identified in the samples from the eastern Basque-Cantabrian Basin.  

Compound No. Empirical Formula M+ Major diagnostic ionsa

27 C33H56 hexacyclic alkane 452(42) 191(52), 203(77), 259(41), 271(27), 313(31), 437(29)
28 C33H56 hexacyclic alkane 452(28) 191(50), 203(92), 259(47), 271(49), 355(10), 437(21)
29 C34H58 hexacyclic alkane 466(30) 191(57), 217(96), 259(55), 285(65), 327(17), 451(19)
30 C34H58 hexacyclic alkane 466(26) 191(100), 217(70), 259(43), 285(27), 355(13), 451(8)
31 C34H58 hexacyclic alkane 466(27) 191(71), 217(100), 259(42), 285(64), 327(19), 451(26)
32 C34H58 hexacyclic alkane 466(22) 191(26), 217(69), 259(23), 285(28), 327(29), 451(26)
33 C35H60 hexacyclic alkane 480(11) 191(43), 231(100), 259(44), 299(39), 327(30), 355(33)
34 C35H60 hexacyclic alkane 480(20) 191(45), 207(32), 231(83), 259(48), 299(26), 327(21)
35 C35H60 hexacyclic alkane 480(30) 191(63), 231(85), 259(55), 299(34), 327(16), 395(18), 465(29)
36 C36H62 hexacyclic alkane 494(22) 191(31), 245(39), 259(37), 327(14), 395(72), 479(17)
37 C37H64 hexacyclic alkane 508(23) 191(100), 207(46), 259(85), 327(33), 395(95), 493(37)
38 C36H60 heptacyclic alkane 492(28) 191(58), 205(11), 259(19), 281(100), 311(33), 341(50), 477(30)
39 C38H66 hexacyclic alkane 522(36) 191(37), 205(41), 259(27), 273(31), 327(25), 395(100)
40 C39H68 hexacyclic alkane 536(13) 191(30), 207(58), 259(24), 281(50), 395(81), 521(33)
41 C37H62 heptacyclic alkane 506(27) 191(56), 205(15), 259(59), 331(34), 491(18)
42 C38H64 heptacyclic alkane 520(35) 191(40), 203(75), 259(55), 271(79), 339(35), 505(30)

aRelative intensity is given in brackets. 
 

TABLE 2. List of hexacyclic and heptacyclic alkanes identified in the samples from the eastern Basque-Cantabrian Basin
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sequence (Requejo and Halpern, 1989; Bennett and 
Larter, 2008). Also, the lack of steranes, diasteranes, 
pregnanes, and triaromatic steroids, as well as the low 
presence of 17α-hopanes in Maestu-7, indicate a level 9 
for biodegradation for this latter sample. In Maestu-1 and 
Atauri-3, pentacyclic triterpanes, steranes, diasteranes, 
pregnanes, triaromatic steroids, as well as several 
tricyclopolyprenanes and monoaromatic steroids, appear 
to be removed, whereas monoaromatic diasteroids appear 
to be preserved, which suggests that these two similar 
samples reach biodegradation level 10. 

Rampalay-1 and Rampalay-2 range between 
biodegradation levels 5 and 6 in the Peters and Moldowan 
scale, which means that they both have a total absence of 
isoprenoids, n-alkanes, phenanthrenes, dibenzothiophenes, 
and 25-norhopanes, whereas steranes, hopanes and more 
highly recalcitrant compounds have not been significantly 
affected in these two samples. 

Thermal maturity 

The hopane isomerization ratios for Atauri-4 (%22S, 
Table 3) show nearly identical values (approx. 0.6), 
which is indicative of a thermal maturity level within 
the oil window (Mackenzie and Maxwell, 1981). 
Nevertheless, these values must be interpreted with 
caution due to the fact that %22S and other parameters 
are known to be altered by biodegradation (Peters et al., 
2005). MA(I)/MA(I+II) can also be used to determine the 
level of maturity reached by organic matter (Seifert and 
Moldowan, 1978). MA(I) and MA(II) here are defined as 
the whole contents of C21 plus C22 monoaromatic steroids 
and the sum of all C27 to C29, respectively. Values on the 
order of 50% for Atauri-4 and Maestu-7 (see Table 3) are 
indicative of materials generated from kerogens covering 
a maturity range close to maximum peak oil generation 
(Hunt, 1996). The TA ratio is useful as a maturity 
parameter for Loza-1 and Loza-3 as well. This indicator 
is defined as the ratio of C20 triaromatic steroid relative 
to the sum of C20 and C28 20R triaromatic steroids (Peters 
et al., 2005). These latter two samples show similar 
MA(I)/MA(I+II) ratios (~40%), TA ratios (~61%), and 
calculated equivalent vitrinite reflectances (VRE) around 
0.8%. These results reveal slightly low maturation levels 
of Loza-1 and Loza-3 asphaltic oils when compared 
to those of Atauri-4 and Maestu-7 (see Table 3). The 
predominance of ETIO vanadyl-porphyrins over VO-
DPEP (PMP or Porphyrin Maturity Parameter values - 
defined as the ratio of C28ETIO to C32DPEP - about 100%) 
in the six eastern samples supports a thermal maturity 
level of at least 0.8%, even with severe biodegradation 
(Sundararaman et al., 1988; Sundararaman and Hwang, 
1993). This is consistent with previous work reporting 
that the western Basque-Cantabrian oil shows reached 
thermal maturity levels of VRE of about 0.8% (Beroiz 
and Permanyer, 2011).

Depositional environment and source rock type

Several molecular parameters have been determined 
for the asphaltic oils from Álava to establish sedimentary 
depositional environment, source rock or type of organic 
matter (see Table 4). However, the Maestu-1, Maestu-7, 
and Atauri-3 samples suffered such severe biodegradation 
that they exhibit no recognizable free regular steranes, 
diasteranes and extended hopanes, among others.

Loza-1 and Loza-3 display low diasterane contents 
and, consequently, low diasterane-to-sterane ratios (0.09 
on average), suggesting that both samples were generated 
from organic matter deposited in a predominantly 
carbonate environment under reducing conditions (Peters 
et al., 2005). By contrast, Rampalay tar sands and the 
Cordovilla source rock display over 0.56 diasterane ratios, 
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FIGURE 5. Gas chromatograms of the aromatic fractions of the western 
tar sands (Rampalay-1) and three progressively more biodegraded 
eastern oil shows (Loza-1, Maestu-7 and Maestu-1). Compounds are 
listed in Table I.
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suggesting that these latter oil shows were derived from a 
shaly- siliciclastic source rock (Grantham and Wakefield, 
1988). In this sense, the plot of the C29 to C30 hopanes 
ratio (C29H/C30H) versus the C35 to C3422S hopane ratio 
(C3522S/C3422S) can be used as a paleodepositional-
environmental indicator of sedimentary rocks (Peters et 
al., 2005). As shown in Figure 7A, Atauri-4 lies within 
the reducing/carbonate zone, showing a high value of 
30-norhopane/hopane, whereas the three aforementioned 

western Basque-Cantabrian oil shows lie within the 
oxic-dysoxic/shaly-siliciclastic zone, presenting C29H/
C30H values lower than 0.6 and C3522S/C3422S lower 
than one. Additionally, Loza-1, Loza-3, Maestu-7, and 
Atauri-4 samples show Ts to Tm ratios (Ts/Tm) lower 
than one, suggesting that these samples were probably 
derived from a carbonate source rock deposited in a 
reducing environment (McKirdy et al., 1983; Rullkötter 
et al., 1985). By contrast, the western Basque-Cantabrian 
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FIGURE 6. Characteristic mass spectra of the three series of compounds eluting at high retention times: A) C33 to C39 hexacyclic triterpenoids, B) C36 
to C38 heptacyclic alkanes, C) C31 to C34 diaromatic hydrocarbons.
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oil shows present Ts/Tm ratios over one, which may 
indicate oxic-disoxic conditions (McKirdy et al., 1984). 
Despite the fact that Ts/Tm can be influenced by maturity 
(Peters et al., 2005), it can be stated that calculated 
vitrinite reflectances for all the study asphaltic oils from 
the Basque-Cantabrian Basin are in the 0.8–0.9% range 
(Beroiz and Permanyer, 2011).

It is also noteworthy that there is a high abundance 
of gammacerane in several samples from the eastern 
part of the Basque-Cantabrian Basin, which may be 
indicative of oil shows deriving from organic matter 
deposited in a water-stratified depositional environment 
(Sinninghe-Damsté et al., 1995). Loza-1, Loza-3, 
Maestu-7, Maestu-1, and Atauri-3 have very high values 
of the gammacerane index (see Table 4), which may 
be explained by the fact that gammacerane is more 
recalcitrant than 17α-hopane (Peters et al., 2005). 
Thus, these high values are not conclusive. However, 
Atauri-4 shows a gammacerane index of about 0.4, 
and this value is high enough to suggest an oxygen-
poor water-stratified depositional environment for this 
sample (Dorronsoro et al., 1994). Lastly, as expected, 
the oil shows from Rampalay and Cordovilla (see Table 
4) display significantly lower gammacerane indices 
(averaging 0.08) than Atauri-4.

The particularly high abundance of pregnane 
homologues in Loza-1 and Loza-3 may denote water 

column stratification or a hypersaline environment 
(ten Haven et al., 1985). However, it has been reported 
(Connan, 1984; Peters et al., 2005) that the pregnane-
to-sterane ratio can be modified by biodegradation 
(pregnanes are generally more recalcitrant than regular 
steranes and C29 regular steranes are slightly degraded 
in both samples) and by thermal maturity (thermal 
stabilities for pregnanes are higher than those for regular 
steranes). 

The Rampalay tar sands and the Cordovilla source rock 
show the same sterane distribution (see Fig. 7B), which is 
attributed to planktonic marine depositional environments 
in many cases (Huang and Meinschein, 1979; Moldowan 
et al., 1985). 

Taking into account that all samples from Álava reach 
high biodegradation levels, it should be pointed out that 
it is difficult to establish their type of organic matter 
and depositional environment (Talukdar et al., 1986). 
However, V/(Ni+V) values on the order of 0.45 for these 
six samples may indicate a marine-lagoonal transitional 
environment under low-oxygen conditions (Lewan, 1984). 
In this sense, despite the concentrations of V and Ni can 
be influenced by biodegradation, the V/(Ni+V) ratio 
itself tends to be constant due to the structural similarities 
among organometallic compounds that contain both 
metals (Lewan and Maynard, 1982). Also, samples from 
the eastern part of the basin show a significant presence of 

 
 
 
 

Table 4. Source-related indices for the eastern oil shows (Atauri, Loza and Maestu) and western hydrocarbons (Rampalay tar sands and Cordovilla source rock).  

Sample Preg/Sta Dia/Stb C29/C30 hopanes GammIndexc 

Atauri-3 - - 1.84d 0.82d 

Atauri-4 - - 0.77 0.39 

Loza-1 0.36 0.07 2.17d 0.82d 

Loza-3 0.43 0.11 2.82d 0.92d 

Maestu-1 - - 0.91d 0.98d 

Maestu-7 - - 1.84d 0.86d 

Rampalay-1 0.22 0.67 0.44 0.09 

Rampalay-2 0.23 0.69 0.46 0.09 

Cordovilla 0.14e 0.57e 0.41e 0.06e 
 

aPreg/St= (C21+C22)/(C21+C22+C29αααS+C29αββR+C29αββS+C29αααR).  
bDia/St= (C27βαS+C27βαR)/(C27βαS+C27βαR+C29αααS+C29αββR+C29αββS+C29αααR). 
cGammIndex= Gamm/(Gamm+C30H).   
dValue afected by partial loss of some biomarker(s). 
eData from Beroiz and Permanyer (2011) 

 

 

 

 

TABLE 3. Maturity-related indices for the hydrocarbons from the Álava sector (eastern Basque-Cantabrian Basin)
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ETIO and DPEP vanadyl-porphyrins, which may denote a 
marine to mixed marine/terrestrial organic matter source 
and oxygen-deprived conditions of sediment deposition 
(Sundadaran and Raedeke, 1993). 

Geochemical correlations

The relative abundance of C27, C28 and C29 
monoaromatic steroids is a valid oil-to-oil and oil-to-
source rock correlation tool (Peters et al., 2005). Then, the 
ternary plot of C27, C28 and C29 5β10β-20S monoaromatic 
steroids (Fig. 7C) suggests that the two Rampalay tar 
sands have a different precursor organic matter when 
compared with the samples from Álava. Furthermore, a 
statistical treatment based on 12 parameters (% Sat, % 
Aro, % Asp, δ13Csat, δ13Caro, δ13Casp, δ13Cwhole oil, VRE, V/
Ni, Ni concentration, GammIndex and C29/C30 hopanes) 
was made by means of hierarchical clustering in order to 
classify all the samples into one or more groups (Fig. 8). 
The Euclidean distance was used as a grouping parameter 
(Romesburg, 1984). As expected, the dendogram plot 
in Figure 8 displays four clusters, namely Loza, Atauri, 
Maestu, and the three western Basque-Cantabrian 
occurrences. Using the proximity procedure (Everitt, 

1993), a calculation through the centroid method shows 
that these four clusters have a significant degree of 
dissimilarity.

CONCLUSIONS

Loza-1, Loza-3, Maestu-7, Maestu-1, Atauri-4, and 
Atauri-3 samples (South-East of the basin) were affected 
by severe biodegradation processes and reached a thermal 
maturity level in the VRE 0.8–0.9% range, close to peak 
oil generation. Also, the six samples from the eastern part 
of the Basque-Cantabrian Basin appear to be derived from 
carbonate source rocks deposited under reducing, water-
stratified and likely hypersaline conditions that might 
correspond to a transitional environment. In contrast, tar 
sands from Rampalay and the Cordovilla source rock 
(western part of the basin) correlate with the Ayoluengo 
oils, which were generated in a marine shaly environment. 
On the whole, the oil shows from exhumed reservoirs in 
the eastern Basque-Cantabrian Basin (Álava sector) have a 
different genetic origin when compared to tar sands, source 
rocks, and oils from the western part of the aforementioned 
basin. 
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FIGURE 7. Precursor organic matter, source-rock type and depositional 
environment plots showing the comparison between the western 
hydrocarbons (Cordovilla source rock and Rampalay tar sands) 
and the eastern hydrocarbons (Atauri, Loza and Maestu oil shows). 
A) C29H/C30H vs. C3522S/C3422S plot; B) C27, C28 and C29 steranes 
ternary plot. An arrow indicates the biodegradation restoration sense 
for the Loza samples; C) C27, C28 and C29ββ5β10β-20S monoaromatic 
steroids ternary plot. 

FIGURE 8. Dendrogram showing the clustering of the eastern oil shows 
and the western Rampalay tar sands and Cordovilla source rock. 
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APPENDIX

Appendix 

1 C19 tricyclic terpane
2 C20 tricyclic terpane
3 C21 tricyclic terpane
4 C22 tricyclic terpane
5 C23 tricyclic terpane
6 C24 tricyclic terpane
7 C25 tricyclic terpane
8 C24 tetracyclic terpane
9a C26 tricyclic terpane 17R
9b C26 tricyclic terpane 17S
10a C28 tricyclic terpane 17R
10b C28 tricyclic terpane 17S
11a C29 tricyclic terpane 17R
11b C29 tricyclic terpane 17S
12 18 (H)-22,29,30-trisnorneohopane
13 17 (H)-22,29,30-trisnorhopane
14a C30 tricyclic terpane 17R
14b C30 tricyclic terpane 17S
15 17 (H),21 (H)-30-norhopane
16 18 (H)-30-norhopane
17 15 -methyl-17 (H)-27-norhopane (diahopane)
18 17 (H)-21 (H)-30-norhopane (normoretane)
19 17 (H),21 (H)-hopane
20 17 (H),21 (H)-hopane (moretane)
21a 17 (H),21 (H)-homohopane 22S
21b 17 (H),21 (H)-homohopane 22R
22 Gammacerane
23a 17 (H),21 (H)-bishomohopane 22S
23b 17 (H),21 (H)-bishomohopane 22R
24a 17 (H),21 (H)-trishomohopane 22S
24b 17 (H),21 (H)-trishomohopane 22R
25a 17 (H),21 (H)-tetrakishomohopane 22S
25b 17 (H),21 (H)-tetrakishomohopane 22R
26a 17 (H),21 (H)-pentakishomohopane 22S
26b 17 (H),21 (H)-pentakishomohopane 22R
27 C33 hexacyclic alkane 
28 C33 hexacyclic alkane 
29 C34 hexacyclic alkane 
30 C34 hexacyclic alkane  
31 C34 hexacyclic alkane 
32 C34 hexacyclic alkane 
33 C35 hexacyclic alkane 
34 C35 hexacyclic alkane 
35 C35 hexacyclic alkane 
36 C36 hexacyclic alkane  
37 C37 hexacyclic alkane 

38 C36 heptacyclic alkane 
39 C38 hexacyclic alkane  
40 C39 hexacyclic alkane 
41 C37 heptacyclic alkane 
42 C38 heptacyclic alkane 
43 5 (H),14 (H),17 (H)-pregnane (pregnane)
44 5 (H),14 (H),17 (H)-pregnane (diginane)
45 20-methyl-5 (H),14 (H),17 (H)-pregnane (homopregnane)
46 20-methyl-5 (H),14 (H),17 (H)-pregnane (homodiginane)
47 13 (H),17 (H)-diacholestane 20S
48 13 (H),17 (H)-diacholestane 20R
49a 5 (H),14 (H),17 (H)-cholestane 20S*
49b 5 (H),14 (H),17 (H)-cholestane 20R*
49c 5 (H),14 (H),17 (H)-cholestane 20S*
49d 5 (H),14 (H),17 (H)-cholestane 20R
50 24-ethyl-13 (H),17 (H)-diacholestane 20R
51a 24-methyl-5 (H),14 (H),17 (H)-cholestane 20S
51b 24-methyl-5 (H),14 (H),17 (H)-cholestane 20R*
51c 24-methyl-5 (H),14 (H),17 (H)-cholestane 20S
51d 24-methyl-5 (H),14 (H),17 (H)-cholestane 20R
52a 24-ethyl-5 (H),14 (H),17 (H)-cholestane 20S
52b 24-ethyl-5 (H),14 (H),17 (H)-cholestane 20R
52c 24-ethyl-5 (H),14 (H),17 (H)-cholestane 20S
52d 24-ethyl-5 (H),14 (H),17 (H)-cholestane 20R
53a 24-propyl-5 (H),14 (H),17 (H)-cholestane 20S
53b 24-propyl-5 (H),14 (H),17 (H)-cholestane 20R
53c 24-propyl-5 (H),14 (H),17 (H)-cholestane 20S
53d 24-propyl-5 (H),14 (H),17 (H)-cholestane 20R
54 5 (H)-C27 monoaromatic steroid 20S + C27 MA diasteroid 20S

a 
55 5 (H)-C27 monoaromatic steroid 20R + C27 MA diasteroid 20R

a

56 5 (H)-C28 monoaromatic steroid 20S + C28 MA diasteroid 20S
a

57 5 (H)-C28 monoaromatic steroid 20R + C28 MA diasteroid 20R
a

58 C26 triaromatic steroid 20S
59 C26 triaromatic steroid 20R + C27 triaromatic steroid 20S
60 C28 triaromatic steroid 20S
61 C27 triaromatic steroid 20R
62 C28 triaromatic steroid 20R
63 C31 diaromatic steroid
64 C32 diaromatic steroid
65 C33 diaromatic steroid
66 C34 diaromatic steroid
a
Peak co-elution 

 

TABLE I. Triterpanes, steranes and aromatics compounds identified in the total ion chromatograms and fragmentograms 


