Answer to the comment of Casas et al. about Gonzalez Acebron

et al.’s (2011) paper

Laura Gonzalez-Acebron - R. H. Goldstein -
Ramoén Mas - José Arribas

The cemment of Casas et al. cencerns the paper published
by Genzilez-Acebrén et al. (2011) and refers mestly te
their mede] for the swuctural and thermal events in the
sedimentary recerd (Late Jurassic—Early Cretacesus) frem
the Cameres Basin. Their medel differs significantly frem
the interpretatiens previeusly published by Mas et al.
(1993), Guimera et al. (1995, 2084) and Mas and Salas
(2002). Their main cencern appears te be the difference of
epinien abeut the previeusly published structural evelutien
of the basin, net the results of eur new study. Rather than
debate the earlier, mere apprepriate papers, they have
chesen this eur marginally related paper te air their dif-
ferent view eof the swructural interpretatiens. @ur paper did
net cencern evidence fer interpretatiens ef the structural
evelutien ef this basin, which had already been published
and peer-reviewed. We clearly stated that we had excluded
their medel for censideratien relative te sur new data, why
we had dene se, and referred te the apprepriate peer-
reviewed literature. Thus, we must questioen whether this is
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the apprepriate venue fer airing such a debate. It appears
their comment sheuld have been aimed at seme ether paper
with a very different fecus.

As Casas et al. have peinted eut, the Cameres Basin
represents “enec of the best-lmewn and centreversial basins
in the Iberian micreplate”. The Cameres Basin is atypical
of the different Mesezeic basins ef Iberia by its very high
sedimentatien and subsidence rates, generating a strati-
graphic sequence of mere than 9,000 m frem Tithenian te
Early Albian. In additien, sediments were affected by lew-
grade metamerphism. Given the centweversial natare of this
basin, it is inevitable that such debates eccur, but mere
apprepriate venues have been used in the past, geing back
almest 20 years.

In their cemment we appreciate that Casas et al. cen-
sider that we have preduced invaluable data about the
thermal evolution of the basin... and an important contri-
bution to the understanding of the post-sedimentary, pre-
inversion processes. ... We agree with their epinien that eur
research will undoubtedly add new evidence to the knowl-
edge of hydrothermal processes in general and particularly
to the paleothermal evolution of the basin. Where we
disagree with them is that we have (1) inapprepriately er
missed references and (2) made interpretatiens witheut
prier censideratien of their medel. Their medel had already
been evaluated and rejected in multiple previeusly pub-
lished papers, mere apprepriate fer debating the differences
between beth structural medels (e.g., Mas et al. 1993;
Guimera et al. 1995; Mas et al. 2003; @medce-Sale et al.
2011). It is en this basis that the synclinal basin medel
(SBM) ef Casas et al. was rejected. We had ne intentien ef
inapprepriately extensive repetitien of data and arguments
already in the literature, in eur paper. Again, eur paper was
net an apprepriate venue fer that. Belew, we reply te each
of their cemments.



Inappropriate references

We have te disagree with the Casas et al. assertien that
referencing was net apprepriate. They apparently have
taken the peint of view that we sheuld have rehashed all of
the literature en the debate en the structural evelutien ef
the basin, even theugh that was net the fecus of eur paper.
As an example of eur peint, in their paper en the stucture
of the Cameres Basin (Casas et al. 2009), we did net
necessarily expect them te reference all previeus studies
cencerning the stratigraphy and basin structure in the
Cameres Basin. Had they been practicing what they were
preaching, they weuld have cited Mas et al. (2002, 2003,
2004) and Guimera et al. (2004). The paper at which their
cemment is directed (Genzalez-Acebrén et al. 2011) gave a
fair airing te their views censidering the fecus ef the paper.
Several paragraphs in the sectiens eof “Intreductien”,
“Basin fermatien” and “Metamerphic precesses and
studied sectiens” are dedicated te intreduce the idea of
burial, dyname-thermal metamerphism and te discuss the
medel that Casas et al. maintain te explain the Cameres
Basin cenfiguratien. In these sectiens, the fellewing ef
their papers are referred te (Casas-Sainz and Simén-Gémez
1992; Casas-Sainz and Gil-Imaz 1998; Mata et al. 2001,
Casas et al. 2009; Del Rie et al. 2009), which adequately
summarized the apprepriate material fer these discussiens.

In additien, Casas et al. make the fellewing assertiens in
relatien te referencing, and we respend te each in
sequence:

1. Casas et al. write that up te date, the enly thereugh

studies of the small-scale extensienal structures
(namely tensien gashes and micrefaults) at the basin
scale within the Cameres basin have been carried eut
by Guiraud and Seguret (1985).
In eur epinien, this cemment makes ne sense in
relatien te eur paper. In eur paper, we never mentiened
that eur werk attempted te be a thereugh study ef
small-scale extensienal swuctures in the Cameres
Basin er that we had been the first te de se.

2. Casas et al. write that it is net justified te reject the
syncline basin medel.

Multiple publicatiens have criticized the SBM pre-
pesed by Casas et al. en the basis of mechanical flaws.
These publicatiens questien that extensien was pre-
duced by the actien ef a nermal fault dipping
seuthward and lecated in the Upper Triassic depesits
te preduce a “simply” synclinal basin fill, as Casas
et al. suggest (Casas-Sainz and Simén-Geémez 1992;
Casas-Sainz 1993; Mata et al. 2001; Casas et al. 2009,
ameng ethers). These studies dispreve their hypethesis
because of the presence of marine Jurassic recks
censtituting the substratum threugheut the basin (e.g.,

Mas et al. 1993, 2003; Guimera et al. 1995; @medce-
Sale et al. 2011). In additien, geelegical mapping and
seismic prefiles (Mas et al. 1993; Guimera et al. 1995)
reveal that architecture ef the basin infill censists ef a
lateral juxtapesitien ef depesitienal sequences where
depecentres were lecated te the nerth and enlapped the
Jurassic substratum. This was interpreted as a cense-
quence of the seuthward displacement eof the hanging
wall including the earlier depesitienal sequences (e.g.,
Mas et al. 1993, 2003; Guimera et al. 1995; @medce-
Sale et al. 2011). The data and arguments te reject the
SBM idea have been published previeusly. It weuld
have been in inapprepriate te restate all ef these in
Genzdlez-Acebren et al. (2011).

3. Casas et al. write that the term “hydrethermal meta-

merphism” is used inapprepriately. They prepese that
this term sheuld be used te describe the alteratien ef
eceanic crust and that it is used in incerrectly in
Genzdlez-Acebren et al. (2011) te describe metamer-
phism in the Cameres Basin.
Hydrethermal metamerphism is defined fellewing the
recommendatiens frem the Internatienal Unien ef
Geelegical Sciences Subcemmissien en the Systemat-
ics of Metamerphic Recks (Fetters and Desmens
2007). It is a “type of metamerphism ef lecal extent
caused by het H,@-rich fluids. It is typical ef lecal
extent in that it may be related te a specific setting er
cause”. Thus, ne restrictien te the use eof this term te
the eceanic crust exists, and se the use of hydrethermal
metamerphism fer the Cameres Basin is cempletely
cerrect.

A priori rejection of the Syncline Basin Model

Casas et al.’s cemment peints eut their main cencern with
Genzdlez-Acebrén et al. (2011) is its aprioristic rejection
of the SBM. We agree that we rejected this hypethesis at
the eutset of eur discussien, but de net agree that it is a
cause of cencern. The syncline medel fer Cameres Basin
was rejected en the basis ef an extensive literature using
data ether than that presented in Genzdlez-Acebrén et al.
(2011). There is ne reasen te censider a dispreven
hypethesis witheut seme real reasen. @ne merely is
required te refer te it and explain why it is net being
censidered. That is hew deductive scientific reasening
makes pregress, threugh rejection of hypetheses. The rea-
sens fer rejection of the SBM hypethesis can be summa-
rized frem the literature as fellows:

1. There isne evidence te assume the presence of a majer
extensienal fault at the nerthern beundary ef the basin,
mainly because the marine Jurassic substratum appears



te be centinueus threugheut the basin. This centinuity
is maintained even after the basin inversien (Mas et al.
1993, 2003; Guimera et al. 1995; @medce-Sale et al.
2011).

2. There is nerthward migratien ef successive depesi-
tienal sequences and depecentres, manifested by their
enlap ente the pre-basin Mesezeic substratum and
enlap ente the nerthern berder of the basin (Mas et al.
1993, 2003; Guimera et al. 1995; @medece-Sale et al.
2011).

3. There is a pregressive spatial evelutien ef facies in
depesitienal sequences, frem preximal areas eof depe-
sitien (i.e., cearse-grained depesits in alluvial fan
systems) at the seuthern areas te distal facies (i.e.,
lacustrine) at the nerthern areas ef the basin (i.e.,
Urbien Gr.; Encise Gr.; @livan Gr.). There is ne
evidence fer an active seurce of sediments in the
nerthern area (Alense and Mas 1993; Mas et al. 2003).

4. There is evidence eof nen-pregrade hydrethermal
alteratien (Alense-Azcdrate et al. 1995; Barrenechea
et al. 1995, 2000, 2001). These authers censidered the
cempesitien and permeability of sediments as main
facters that centrel the alteratien. This fact preduces
thermal inversien acress sectiens in the depecentre
areas (Mantilla-Figuerea et al. 1998, 2002; Barrene-
chea et al. 2001) and pestrift age (Casquet et al. 1992).

The feur summarized ebservatiens abeve are used te
dispreve a “simply” extensienal synclinal basin medel. In
the literature, we have effered an alternative hypethesis
censisting ef superimpesitien of sedimentary sequences but
with censistent depecenter migratien te the nerth. This
hypethesis explains data summarized abeve and supperts
the idea that sedimentary infill was the censequence ef syn-
sedimentary hanging-wall displacement te the Seuth. Thus,
the Cameres Basin can be censidered as an extensienal
ramp syncline basin, fermed en a seuth-dipping ramp
asseciated with a buried herizental extensienal fault sev-
eral kilemeters deep (Mas et al. 1993, 2003; Guimera et al.
1995; @medce-Sale et al. 2011).

®n the basis of the cemment of Casas et al., it is clear
that they still censider the syncline basin medel te be
viable. It is valuable fer the readers te see twe such dif-
fering interpretatiens can arise. The explanatien is related
te differences in basic mapping and stratigraphic analysis
that can be summarized with the fellewing key peints:

1. As explained earlier, there is ene essential ebservatien
that is the key te understand the twe differing
interpretatiens. Casas et al. de net recegnize er
censider the enlap ef the Encise Gr. (including Leza
Fm.) en the nerthern berder of the basin, as demen-
strated by Guimera et al. (1995) and Mas et al. (2002;
its Fig. 2b).

Furthermere, Casas et al. (2009) censider that the
®ncala Gr. creps eut aleng the nerthern berder of the
basin and dipping seuthward (see Fig. 3a frem Casas
et al. 2009), but it is the Encise Gr. that is feund.

In additien, Casas et al. censider “the existence ef
centinueus eutcreps ef the syn-rift sequence all aleng
the nerthern basin berder”. We think this ebservatien
is in errer and leads te significant misinterpretatiens.
The mapping used by Casas et al. (Mata et al. 2001;
Villalain et al. 2003; Casas et al. 2009) cerrespends te
an eld geelegical cencept of the sedimentary recerd of
the basin, pessibly ebtained frem the publicatiens
of the Spanish Geelegical Maps, especially these ef
Munilla (ne. 242), Encise (ne. 280) and Cervera del
Rie Alhama (ne. 281) frem the MAGNA serie IGME
1981, 1982, 1990, respectively).

The mere recent swatigraphic framewerk eof the
Cameres Basin can be analyzed in several newer
publicatiens (Mas and Salas 2002, p. 285; Mas et al.
2003, 2004, p. 506. All ef these publicatiens demen-
strate that the @ncala Gr. dees net crep in the nerthern
part of the basin, as Casas and ce-authers maintain.
The carbenate units crepping eut in this area cerre-
spend te the Leza Fm., a litheseme included in the
Encise Gr., recently dated by Sudrez et al. (2010)
as Barremian-Aptian. We speculate that Casas and
ce-authers may have cenfused this carbenate ferma-
tien with carbenates frem @ncala Gr. This speculatien
is backed up by ebserving Fig. 3a and b in Casas et al.
(2009).

Anether preblem with the mapping ef Mata et al.
(2001), Villalain et al. (2003) and Casas et al. (2009) is
that they de net recegnize the enlap ef the main
sedimentary units (@ncala Gr., Urbién Gr., Encise Gr.
and @livan Gr.,) ever the Mesezeic substwatum in the
nerthern area ef the basin as a result of the migratien
of depecenters te the nerth. This enlap can be ebserved
clearly aleng the nerthern berder of the basin, where
depesitienal sequences 1 + 2, 3 and 7 enlap pregres-
sively ever the Jurassic substratum (Fig. 1 in Gen-
zdlez-Acebrén et al. 2011). This enlap is net
recegnized in Fig. 3 frem Casas et al. (2009), which
offers a scheme that greatly differs frem eur detailed
mapping ef stratigraphic units.

Casas et al. have peinted that seismic reflectien data
“unequivecally” suppert their SBM, referencing the
publicatiens by Casas-Sainz and Gil-Imaz (1998) and
Casas et al. (2009). Hewever, these authers ferget the
seismic interpretatiens of Guimera et al. (1995) where
a seismic reflectien analysis clearly suppert the
pregressive nerthward enlap ef depesitienal sequences
ever marine Jurassic depesits at the basin substratum
(Fig. 6 of Guimera et al. 1995).



Thus, the issues with the swratigraphic, mapping and
seismic ebservatiens summarized abeve can clearly lead te
an incerrect medel feor basin evelutien. @nce such medel is
prepesed, as Casas et al. have peinted eut, ene can find
paleemagnetic data (Villalain et al. 2003), mineral
assemblages and fluid inclusien micrethermemetry (Mata
et al. 2001), and even seme of the seismic ebservatiens
(Casas et al. 2009) that are censistent with it. Censistency
with a hypethesis dees net preve it te be cerrect, hewever.
As summarized in the feregeing, ether ebservatiens can
dispreve it.

Finally, the cemment of Casas et al. effers a last figure
with twe cress sectiens wying te express the twe eppesing
basin medels prepesed fer the Cameres Basin. Unfertu-
nately, Casas et al., represent eur medel incerrectly. We
have already published the cerrect relatienship in Fig. 12
of Genzdlez-Acebren et al. (2011) and de net see why that
weuld medify eur view and represent it as eurs. The
extensienal ramp-flats cenfiguratien that we prepese is net
at a centinueus level that extends teward the nerth. In
centrast, the nerthern flat cennects with the nermal listric
faults eutside the Cameres Basin teward the nerth. These
nermal faults are respensible ef the cenfiguratien ef
satellite basins lecated between the Cameres Basin and the
Vasce-Cantabrian Basin at the nerth ef the Iberian plate.

Comment on thermal data

Casas et al. question the pesitien of samples frem Genzélez-
Acebreén et al. (2011) within the basin (gray star in Fig. 12).
We must say that the stratigraphic lecatien ef the samples is
abselutely cerrect: they cerrespend te the Tera Gr., and
thus, their pesitien in Fig. 12 is cempletely well supperted.

On the ether hand, in several papers, several authers
(e.g., Mata et al. 2001) have tried te demenstrate “the clese
relatien between paleetemperatures and the pesitien within
the stratigraphic sequences” as a pregrade sequence. Casas
et al. use this paleetemperature data as suppert fer their
SBM and dispreef ef eur medel for hydrethermal meta-
merphism (e.g., Mata et al. 2001). @ddly, Mata et al.
(2001) supperted a mixed hypethesis with a pregrade
sequence everprinted by syn te retregrade hydrethermal
events; thus, the hydrethermal metamerphism is in seme
way accepted by these authers.

Furthermere, an analysis ef the pesitien ef samples fer
paleetemperature analysis in the swatigraphic framewerk
used in Mata et al. (2001) shews that they are net part of a
lecal vertical successien (Fig. 2A and B in Mata et al.
2001). Their eldest samples (T1 te T4 frem the Tera Gr.)
were cellected clese te the El Pegade anticline, where
hydrethermal alteratien precesses reach the anchizene—
epizene beundary (i.e., Barrenechea et al. 2001; Mantilla-

Figuerea et al. 1998, 2002). In centrast, their yeunger
samples (Urbién and @livdn Gr.) were cellected far away
representing a vertical sample successien, but shifting lat-
erally mere than 25 km. @n the basis ef this fact, an
incerrect pregrade sequence was deduced.

Cemments abeut the age eof the metamerphism are net
Jjustified as far as the age ebtained by Del Rie et al. (2009)
by SHRIMP U-Pb dating en authigenic menazites (99 + 2
My) is inside the age range ef Casquet et al. (1992) by
K-Ar in authigenic illites (108-86 My).

In additien, Casas et al. argue that chlerite is net a
reliable geethermemeter. In eur paper, geethermemetric
data frem chlerites are cited tegether with illite crystal-
linity frem Mantilla-Figuerea (1999) and Barrenechea et al.
(2001). Beth types of data peint te equivalent temperatures.
We censidered useful te refer the chlerite data in erder te
shew all the available geethermemeters in the study area,
independently eof its level of reliability.

Casas et al. censider that almest 400 m is a thin sedi-
mentary sequence (Fig. 11 of Genzilez-Acebrén et al.
2011) te calculate thermal gradients ameng fracture fill-
ings. Hewever, in eur werk, we have demenstrated that
variatiens in paleetemperature data in veins cressing this
sedimentary thickness exist. Thus, we can accept these
gradients. In additien, changes in gradient between beth
sectiens evidence the hydrethermal metamerphism.

Casas et al. cemment that in this case “it seems
admissible fer the authers te censider sedimentary bedies
te be superimpesed in the vertical”. This sentence makes
ne sense and indicates a scale cenfusien ef these authers
between the architecture of sedimentary bedies in the lecal
analyzed area and the architecture eof depesitienal
sequences in the whele basin.

Finally, Genzélez-Acebren et al. (2011) de net prepese
three hydrethermal events as Casas et al. stated. @nly twe
thermal events are prepesed in this paper.

Conclusion

In cenclusien, we weuld like te thank Casas et al. (2009),
Villalain et al. (2003) and Mata et al. (2001) fer the quality
data they have previded teward understanding the Cameres
Basin. We believe that their criticism that we did reference
all of the discussien ef the debate en the Cameres Basin is
misplaced. They have prejected this structural debate ente
a paper of much different fecus and scepe. We add that the
scientific methed is ene ef dispreef ef hypetheses. Their
basin medel has been dispreven in prier publicatiens. The
fact that seme data are censistent with this discredited
medel dees net make it cerrect. Finally, we appreciate
Casas et al.’s cempliments en the detailed petregraphic and
geethermemeric data we have preduced. We disagree with



their SBM, but we agree with them that there is much yet te
be dene te fully understand this cemplex system. @ur werk
has shewn and characterized twe different hydrethermal
events of Cretaceeus and Eecene age. But a mere detailed
petregraphic study integrating varieus structural elements,
geethermemetry and thermechrenemetry will undeubtedly
result in this already cemplex stery evelving further.
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