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FIGURE 1<1

Geological/structural subdivision of central Western
Europe (after Deregnaucourt, 1981),.

Shading a
b

C

Number ing

el
HF QWO INOoOWULd WN -

e .0 (1) o . (1]

Oceanic crust of the Bay of Biscay.
Pyreneo-Cantabrian chain with frontal thrusts
to the north and south.

Hercynian basement.

Pyrenean chain.
Basque arc.
Cantabrian domain of the Basco-Cantabrian basin.
Asturian palaeozoic massif.

Northern Iberian continental margin.
Galicia bank.

Hercynian basement of Iberia.

Central cordillera of Iberia.

0ld Castille Tertiary basin (=Duero basin).
New Castille Tertiary basin (=Tagus basin).
Iberian chain (=Celtiberian chain).

Ebro basin.

Catalan chain,

Armorican continental margin.

Landes plateau.

Aquitain basin.
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(from Garcia Mondejar,
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structural features of the
continuation into the

and then offshore,

Hines et al., 1985).
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Basque basin, cross-section.

FIGURE 1- 5.

Seismically-derived cross-sections of the
Basco-Cantabrian basin from Soler et al., 198l1. The upper
section shows a section from the Asturian massif northward
to the Le Danois bank (section V-X). Its location is
shown in Figure 1-3.

The lower section is of the Basque arc taken
of fshore (see insert for location).
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FIGURE 1-9.

Lithostratigraphic column for the Cretaceous of
northwest Santander. See Figure T1-10for key.
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FIGURE 1-10.

Lithostratigraphic column for the Tertiary of northwest
Santander. The column furthest to the right but one gives a
general indication of the environment of deposition. Key :

l1-Subaerial exposure, 2-Fluvial, 3-Peritidal, 4-Internal platform,
5-External platform, 6-Flysch.




UPPER EOCENE TO MIOCENE.

Sediment-filled secondary peripheral sink

UPPER \ APTIAN TO CAMPANIAN.

Sediment - filled primary peripheral sink

UPPER » APTIAN.

KEUPER DEPOSITION.

a

Critical overburden 1

,,,,,,,,,  Original salt tayer o

FIGURE 1-11,

Stages in the development of salt pillows and
stocks, modified after Trusheim (1960) and taken from
Taylor (1984).

a. State immedediately before movement of diapir.
Generally pre-Upper Aptian in NW Santander.

b. With increasing overburden, salt has flowed inwards
to form a gentle pillow. Once initiated, the imbalance
of sediment load between flanks and crest accentuates
the action. 1In NW Santander there was most probably a
tectonic trigger to diapirism during the Upper Aptian.

c. As salt withdraws from the flanks a rim syncline or
peripheral sink forms. Becoming infilled with young
"rim syncline" sediments (3) it continues to drive
the migration of salt inwards. In NW Santander this
generally occurs during the Upper Aptian to Campanian.

d. The buoyant salt mass finally breaks through the
overlying sediments to form a diapiric plug or stock,
or an elongated wall, which may take a variety of
cross-sections. The continued withdrawal from the
original salt layer forms a secondary peripheral sink
inwards from the primary sink. Such secondary
peripheral sinks are not developed in NW Santander
but the pillow is pierced during the Pyrenean orogeny
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FIGURE 1-12

Generalised log of the Jurassic seguence as seen 1in
Aguilar de Campoo in the very SW part of the Basco-Cantabrian
basin. The sequence in NW Santander develops the Keuper and
the Carniolas generally. The marine Jurassic (Sinemurian to

callovian) is only rarely represented but is much more
extensively developed south of the Escudo de Cabuerniga where
this log was taken. After Sbeta, (1976).
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A geological map of NW Santander, showing the main Group stratigraphy of the area. Key:- SV : San Vicente de la Barquera,
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FIGURE 1-13.

The westward overstep of the Wealden facies
in northern Spain. Upper figure A shows the age of the
uppermost marine Jurassic underlying the Purbecko-
Wealden complex, mainly after Querol, 1969. Lower
figure B shows the overstep of clastics beneath the
Kimmeridgian shales in the area north and west of
Oviedo. The line of the section starts in the west
from a point due north of Oviedo. Key : circles and
stipple : fining upwards cycles of conglomerates, red
sandstones and siltstones; fine stipple : sandstones,
mostly marine; dashes : black shales with brackish and
restricted marine faunas., The continental, fluvial
sequence a 1is contemporaneous with the marine sequence

in the east. From Wilson, 1975,



AGE

Oligocene
Upper Eocene

Upper Eocene/
Oligocene

Biarritzian (=
uppermost Middle Eocene

Upper Lutetian

Middle/Lower Lutetian
Upper /Middle Cuisian

Lower Cuisian

Ilerdian

Upper Campanian/
Maastrichtian/
Palaeocene.

Thanetian
pDano-Montian

Santonian-Middle
Campanian,

Turonian/
Coniacian.

Upper/Middle
Cenomanian

Lower Cenomanian

Upper/Middle Albian

Lower Albian

UYper Gargasian/
Clansayesian,

Lower Gargasian

Basal Gargasian/
uppermost Bedoulian

Bedoulian
Basal Bedoulian/

Upper Barremian

Barremian / Upper
Valanginian.

FIGURE 2-1.

IGME SYMBOL

11-12

O-2
24-25

C22—23

23
Ca1

1
€1

23

C16

1
“le

23
€15

1
Cis3

1
Cis2
1
C1s1
!
151

3-0
CW12-14

LITHOSTRATIGRAPHIC
NAME USED IN THIS
THESIS.

Meron Formation.

Oyambre Formation.

Los via Formation.

La Acebosa Formation.
Colombres Formation.
Serdio Formation.

Pena Saria Formation,

Hortigal Formation.

Estrada Formation.

Munorrodero Fm.

Sancibrian Formation.

San Juan Formation.

Cabo Menor Formation.

Pedruquios Formation,

Altamira Formation.
Bielba Formation.
Barcenaciones Fm.

Las Penosas Formation.
Reocin Formation.
Rodezas Formation.

San Esteban Formation.
Patrocinio Formation,

Umbrera Formation.

Vega de Pas Fm. and
Barcena Mayor Fm.

A correlation diagram of the IGME map symbols
with their ages and the formation names used in this

thesis.
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. Escudo de v Present N
Ubierna fault Ebro Reservoair Cabueérniga Ridge coastline

Haouterivian

SN A Mid - Valanginian

Berriasian
MALM
m Polaeozoic + Bunt. Keuper E:] Lias « Dogger @ Sajo Fm Arcera Fm.

B Aguilar fm. [ﬂ]m Aroco + Loma Somera Fms. Bdrcena Mayor Fm VeQa de Pas Fm

FIGURE 4-4.

Generalised cross-section of the Santander
basin from the north around Cuchia (Fig. 4-1) via the
Ebro Reservoir to Aguilar de Campoo in the south.

See Fig. 4-7 for the stratigraphy. Adapted from

Pujalte, 1985. NW Santander is sector IV shown on the
top line.
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FIGURE 4-6.

stratigraphy of the Santander basin.

Upper Jurassic and Lower Cretaceous litho-

From Pujalte, 1985,

Oblique lines indicate hiatus and the sectors mentioned at
the top of the diagram are those shown in Fig. 4-1.
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FIGURE 4-T7.

Upper Jurassic palaeogeography of the
Santander basin showing the alluvial vallies of the
Saja Fm. and the non-marine limestones of the
Aguilar Fm.. NW Santander was a zone of sub-aerial
exposure at this time. Composed after Pujalte, 1985
and IGMEn. The evaporites south of Tozo have only been
proved in boreholes,
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FIGURE 4-38

Palaeogeography for the Loma Somera Fm. (the
"capas de briozoos" of Garcia Mondejar & Pujalte, 198l or
the Bryozoan beds member of Pujalte, 1981) of the
Cabuerniga Group. NW Santander was an area of sub-aerial
exposure at this time. Adapted from Garcia Mondejar &
Pujalte, 1981.
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FIGURE 4.9,

Palaeocurrent directions in the Barcena
Major Fm. of the Pas Group. Note the source from the
S/SW of the Santander basin but also the turn to the
east further north due to the syndepositional activity
of the Escudo de Cabuerniga fault. The Barcena Major
Fm. only extends into the southern area of NW Santander
because of the overall southward tilting of the NW
santander block. Key : 1 : Asturian massif, 2 : Tertiary
of the Duero basin (limit of outcrop), 3 : Outcrops of
the Barcena Major Fm., 4 : Faults active during the
deposition of the Barcena Major Fm., 5 : Palaeocurrents
in this formation. After Garcia Mondejar & Pujalte, 198l.



FIGURE 4-10.

Ribbon fluvial channel of the Vega de Pas
Fm. (red beds member) on the Cuchia section (57319828
and Section 15, 35-41m). This meandering river channel
has a sharp, erosional base and trough cross-~bedding
near 1it's base (seen under hammer in bottom left of
picture). Higher in the channel fill parallel lamination
cross lamination occursin the sandstones. The mottled,
red overbank mudstones are seen in the top of the picture
with thin (crevasse splay ?) sandstones and pedogenic
mottling. Relatively typical example of this facies

association. Correct orientation and hammer is 30cm
long.
FIGURE 4-11.

Lacustrine limestone in the Vega de Pas Fm
of the Cuchia section (57319828 and Section 15, 46m).
The photograph shows well-developed oncoliths, locally
encrusting charophyte stems. Rare black pebbles occur
at the top of the photograph. Considerable reworking
of the oncoliths during and after deposition. Taken
from the upper part of this lacustrine limestone.

Lens cap is 5cm wide and the photograph is in correct
orientation.






FIGURE 4-12,

This is an example of the open lacustrine
limestone from the Cuchia section of the Vega de Pas Fm.
The left hand of the photograph has been stained with
potassium ferricynide/Alizurin Red S solution and shows
that the spar is ferroan, whereas the micritic matrix
is non-ferroan. This lacustrine assemblage includes
charophyte oogonia and stems, gastropods, ostracod
shells and 1is totally bioturbated. It was taken in
plane-polarized light of an area 6mm by 9mm wide.

FIGURE 4-13.

This is an example of the lacustrine
cyanophyta limestone from the Vega de Pas Fm. on the Cuchia
section. It shows the extensive growth of the cyanophyta on
leaves and charophyte (?) stems as well as in oncoidal
growths., There is a late, ferroan spar. It was taken in
plane-polarized light of an area 6mm by 9mm wide.
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FIGURE 4-=14

General model for the pure lacustrine
]1imestones in the Wealden Vega de Pas Fm. of NW Santander.
Upper diagram (A) shows the initial development of the
open-lacustrine lake with marginal areas rich in
cyanophyta/oncoliths and capped at the very edges by
subaerial micro-karsts. This lake directly overlies the
red mudstone. The lower diagram shows the evolution of
the lake through time as progressive evaporation and
final complete dessication of the lake occurs (Fig. B).

LST = Limestone.
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5-1.

That used by the author

Group in NW Santander by various authors.

is in the right-hand two columns,
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FIGURE 5-4,

This shows a typical photomicrograph of the
Umbrera Fm. from the Cuchia section. The skeleta includes
orbitolinids, bivalve cortoids, miliolids and other
marine skeleta (see Chapter 5.2.1). The white areas on
the photograph are quartz sand grains or ferroan, equant
calcite spar. There is then a late diagenetic, idiomorphic
ferroan dolomite with euhedral crystals. This was taken
in plane-polarized light of an area 2_4 by 3.6mm wide.

FIGURE 5-5.

This 1s a typical example of the high-energy,
grainstones from the Umbrera Fm. and was taken from the
Cuchia section. It contains abundant orbitolinids along
with corals, intraclasts, rhodophyta, dasycladaceae,
gastropods, ooids, serpulids, arenaceous foraminifera,
echinoderms, bivalve cortoids and other neritic skeleta.

It has a ferroan, sparry matrix with equant crystals and
late diagenetic dolomite crystals (Fig. 5-4). This was
taken in plane-polarized light of an area 6mm by 9mm.
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FIGURE 5-10.

General vertical sequence log of the Playa de
patrocinio section, Cuchia (57299825; Section 15/1, O to
197.4m, Section 15A/1, O to 63m). See chapters 4 and 5 for

further description









FIGURE 5-13.
A stratigraphic comparison between the Cuchia

(Section 11 on Fig. 5-2) section and the Reocin section
(Section 9 on Fig. 5-2) from Collignon et al., 1979. These
authors proposed biostratigraphic correlation of the
lithologies (incorrect dashed lines below) that were revised
by Pascal pers. comm. (bold lines below). The revised
dating for the Reocin section is written in hand-script
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. T . Vega de Pas Fm.

on that section (Pascal, pers. comm.). A correlation with
lithostratigraphy (sensu Hines, 1985a) is shown in the
right-hand column. The key conclusion of the revised
stratigraphy is that the lithostratigraphic formations

are more synchronous than originally thought by Collignon
et al., 1979. Diagram adapted from Collignon et al., 1979.
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FIGURE 5-~15A,

General view of the Lower Aptian sequence
around Canales (55299714) locking NNW towards the sea.
The central karstified limestone shown on the photograph
(positioned between the two red-rooved houses on the
left of the photograph) is the 56m thick San Esteban Fm..
Above and below it are the poorly-exposed, marly Rodezas
and Patrocinio Fms. respectively. In the top right-hand
part of the photograph is the basal part of the Reocin
Fm.. The photograph illustrates the typical style of
outcrop in the area.

FIGURE , 5-15B.

Metre-bedded outcrop of the San Esteban Fm.
at Canales (55299714). This is typical for this
formation. The person is 1.8m tall.
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FIGURE 5-17.
Sequential evolution of the Torrelavega Group

(Aptian) from the southwestern marginal areas to the more
open marine northeastern areas of NW Santander. The
oldest Umbrera Fm. is at the base and the youngest Reocin
Fm. at the top (Fig. 2-1). Sea level is indicated by the
"O" at the right of each diagram.

The undulatory top of the Reocin Fm. is meant

to indicate lateral thickness and facies changes due to
active diapirism.
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FIGURE 6-5.

A typical lime mudstone/wackestone microfacies
from the Reocin Fm. taken from the Comillas road section.
It is dominated by clotted, totally bioturbated micritic
matrix. It contains benthic foraminifera, rare, broken
rudist shells, cortoid bivalves, broken ostracods,
echinoderms and brachiopods (see Chapter 6.4, Facies 1
and 2). This wa taken in plane-polarized light of an
area 6mm by 9mm wide.

FIGURE 6-6.

A typical benthic foraminiferal/rudistid
packstone from the Reocin Fm. (Comillas section). This
section shows a rudist shell of prismatic calcite in the
centre and right of the figure. It has a micritic
matrix with orbitolinids, miliolids, uni- and biserial
benthic foraminifera. There is some neomorphic spar
infill of foraminiferal chambers. This was taken in
plane-polarized light of an area 6mm by 9mm wide.






FIGURE ©6-7A,

General view of the requienid wacke/packstone
(Facies 5 of Chapter 6.4) from the Sierra Member, Reocin
Formation at the cement quarry just SE of San Esteban
(56239705). This photograph shows well developed, whole
Pseudotoucasia santanderensis not in life position.
They were probably reworked into local banks by storm
action in the internal carbonate platform. The lens
cap is 5cm wide.







FIGURE 6-7B.

This is a reqguienid packstone from the Reocin
Fm. that was taken in plane-polarized light of a thin-
section stained with potassium ferricyanide/Alizurin Red S
solution. It shows the two-layer sytucture of the
rudist with an outer, prismatic, original calcite layer
and an inner, sparry layer of blocky, neomorphic calcite.
It has the usual micritic matrix. This was taken of
an area 6mm by 9mm wide.

See Facies 5 of Chapter 6.4.

FIGURE 6-8.

This is a typical example of the sponge
bioherm from the Reocin Fm. (Facies 8 of Chapter 6.4).
It was taken under plane-polarized light of a thin-
section stained with potassium ferricynide/Alizurin
Red S. 1In the top left hand corner is some typical
packstone of the Reocin Fm.. This was taken of an
area omm by 9mm wide.
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FIGURE 6-14.

Summary log of the top of the Reocin Fm., the Las
Penosas Fm. and basal Barcenaciones Fm. from the section west of
Miradorio just east of Comillas (55269764). This section is
shown in detail in Sections 5 and 6.
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FIGURE 6-15.

Key to the summary logs. This is the key to
Fig. 6-14.
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FIGURE 6-24.

Main tectonostratigraphic sectors in the
Peri-Asturian domain during the Apto-Albian. The sectors
are identical to those used for the Wealden (Fig. 4-1)
reflecting the continuation of the broad tectonic control
from the Wealden to the Urgonian. This tectonic control
is mainly reactivation of Hercynian lineaments. The
facies cross-section of Fig. 6-23A is shown in the
Valnera sector III. From Garcia Mondejar, 1985.



FIGURE 6-25.

| General models of the Basco-Cantabrian Urgonian

(Apto-Albian). Model A : A continental shelf that receives
relatively little terrigenous input (such as NW Santander);
Key : a: Areas of terrigenous/marly limestone at the very
edge of the carbonate basin; b: Uniform rudistid platform
carbonate; c¢: Rapidly susiding intra-platform basins with
marls, marly limestones and sandstones that are being supplied
laterally; d: Isolated Urgonian platforms; e: Marine slope
deposition. The NW Santander area would fall into a type d
situation with the siliciclastics being ponded to the south
in the Soba valley area (Figs. 6-23A, 6-23B and 6-24).

In model B (lower diagram) there was major
terrigenous input from the hinterland (eg. Valnera area).
Key : x: Delta plain; y: Delta front and pro-delta.

Adapted from Rat and Pascal, 1979.
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DIAGENETIC PRODUCTS AND PROCESSES | ESTIMATE OF DEPTH/AGE OF
EACH EVENT,.

1) Micritization of allochems under Sea floor during Reocin
marine, phreatic conditions Fm. times.

2) Marine phreatic cementation. Sea floor incipient

hard-grounds.

3) Marine phreatic cementation with Top few metres to tens(?)
early, fringing cement, of metres of Reocin Fm.

times.

4) Compaction. Top few 10's of metres

during Reocin Fm. times.

5) Preferential leaching of unstable This occurred under 1)
aragonite/high-Mg calcite under local shoal emergence
meteric, probably phreatic, during Reocin Fm. times &
conditions, 2) Major emergence and

meteoric diagensis from
the end Reocin Fm.
diconformity.

6) Precipitation of limpid, equant Similar timing to 5).
spar under meteoric, phreatic
conditions,

7) Sucrosic dolomitization from Similar timing to 5) & 6)
meteoric/groundwater lenses under mixing of seawater
over palaeohighs. with meteoric/groundwater

conditions.

8) Ferroan, equant, drusy spar. Late-stage, hypersaline (?)

: -related connate water

precipitation under a few

100's to 1000's of metres.
9) Stylolitization. Chemical solution under

a few 100's to 1000's of

metres.

10) Ferroan dolomitization linked As early as basal
to the mixing of hot, hyper- Cenomanian (main mineral-
saline brines with surface- ization phase), but latter
related waters. fracture-related spar that

was pre-Upper Eocene also
occurred. Some syn-orogenic
fratue-related spar.

11) Recent surface-related Post-Miocene/Pliocene,
weathering, iron (oxy)hydroxide syn-karstification
weathering of the ferroan alteration.
dolomites and caliche growth.

FIGURE 6-28.

carbonates from initial deposition

General diagenetic sequence for the Reocin Fm.

(1) to Recent exposure (11).







FIGURE 6-29.

This shows the early fringing cement of a
grainstone from the Reocin Fm. It is encrusting bivalve
peloids and rudists and intraclasts. It is generally
isopachous and does not show meniscus or drip-stone
forms. It is hence interpreted as an early, marine
phreatic fringing cement, The left hand side of the
micrograph has been stained with potassium ferricynide/
Alizurin Red S solution, It was taken under plane-
polarized light of an area 2.4mm by 3.6mm wide.

FIGURE 6-30.

This shows the vadose silt of the Reocin
Fm. from the Cuchia section. This silt is linked to
major meteoric invasion at end Reocin Fm. times. There
is then a later generation of equant spar. This was
taken in plane-polarized light of an area 6mm by 9mm wide.



Sr Na “Mn Mg In
stid/miliolid T. (110 & 450) (254 220)
RUdlS 1 /mlll 1i LS moyenne : 348 m:1568 m:38.3 m :3790 m:102
A it i1 3 T (150 2 450y
-—-E——Ira Ula/Orbl olinid LS m: 272 m: 1475 m:632 m:317§
Orbitolinid LST. m:211 m: 1315 m:$2 m : 3250
Stromatolitic LST. (1504 320) o . 3470
- m: 2 m: m:99, m:
Mud-mound facies. m: 110 m 125 m:75 m 3300
: o ; (100 A 1600) (203 1200) o
Orb%‘tOllnld facies. m: 516 m:157.4 m: 18456 m:5597 m: 856
Orbitolinid marble. m: 675 m:157.5 m : 294 m : 5687
: ina (200 A 950)
Orbitolinid/coral LST. el e 1645 o115 - 4428
Crinoidal limestone, h : 407 m: 1575 m :230 m: 5269
Rhodaphyta calcarenite. m : 1400 m: 125 m: 104 m 4511
Charophytic LST. 1224219 10221593 | 1198931235 1719 3 3137 39433
Facies under emersion 1312210 41122 264 130 = 2000 A 3000 S ALS
Blue-grey marls. m : 796 m : 1808 m:216 m : 4060 n:195
. (5502 1900) 204 1000) 0AT15)
Black bassinal marls. m: 1185 - m:2783 303 m 4928 m 348
‘Albian marls with red 1194 1407 536 4356 jusqu'a 214
madlac
High—-energy LST. (460 3 1300) (7372 179 4) (641 81.6)
m: 1084 m:1265 m:72.8 m: 3691
Mean values. 350 4 600 130 4 250 80 4 300 3500 4 5000 1420

?

FIGURE 6-31.

Trace element values in ppm of the principal

facies in the Urgonian of the Basco-Cantabrian basin.
stands for mean values.

From Pascal,

1979.
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6-32.

Torrelavega Group at A) Punta del Dichoso, north of Suances and at

are in ppm.
Fms. platform limestones.

Trace element data from the
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B) Cuchia

(Section 15A).

Results

Note the low whole-rock values for Na, Sr, K, Mn and Fe in the San Esteban and Reocin

Data from Pascal,

1985.
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Limpid dolomite
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limestone.
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Rudistid bank.

6-36.

FIGURE

A section through the mineralized zone at the base of the Novales Member (Reocin Formation)

Note the intimate association of the

6-33).

location on Fig.
Pb/Zn sulphide mineralization with the high permeability coral and rudistid horizons.

(54079664;

in the mine at La Florida

The three

They are subparallel to bedding.

beds) shown are the key mineralization horizons.,
1976.

(

Adapted from Sanchez,

"capas "
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FIGURE 6-37.

Sketch section of the extent of
dolomitization in the Reocin Formation (Upper Aptian)
immediately north of Bustriguado (54669667; location
on Fig. 6-33). Note the lateral complexity on a
100's of metres scale in the Novales Member dolomite
and the isolated island of limestone in the dolomite
(possibly connected to the body of the Sierra Mb.
limestone in three dimensions). The location of the
Bustriguado road section 1is marked.
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FIGURE
GEIOLOGICAL MAP OF THE BUSTRIGUADO / EL MAZO
AREA , 10KM WEST OF CABEZON DE LA SAL.
(5¢m/Km) .

Scale : 1:20,000.
Topographic base maps from the Diputacion de

Santander, Santander.
For location see Fig. 6-33.
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44 - Las Penosas Formation.

[::] Sierra and Comillas Members of the Reocin Fm.
(Upper Aptian/basal Albian limestones) .

- Novales Member dolomite of the Reocin Fm.

Geological map of the Comillas/Ruiloba/Cobreces area at a scale of 1:20,000 (5cm/Km).
| is located on Fig. 6-33.

(Albian) Barrio Member of the Reocin Fm.

Rodezas Formation.

San Esteban Formation.

A kilometre square grid is shown and the map
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FIGURE 6-41.

Geological map of the
Canales/Udias area, 5Km
north of Cabezon de la
Sal. The map is at a
scale of 1:20,000 (5cm/Km)
and has a 500m? grid
system. It is located
within the area as a whole
on Fig. 6-33. Key:-

Las Penosas Fm.
(Albian) .

Sierra and Comillas
Mbs. of the Reocin
Fm. (Upper Aptian).

Barrio Member
limestone.

Novales Member U”~"
- dolomite (Reocin Fm.) (1};2

Rodezas Formation.

San Esteban Fm.
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Bustablado
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A geological map of the Bustablado area

Umbrera and Patrocinioﬁ;;;a Novales Mb. dolomite.

Fms.
San Esteban Formation.

Wealden Vega de Pas Fml

6-42.

X
1

showing the Novales Mb. dolomite development.
" the major development of the Novales Mb. around the N/S

faults through Bustablado,

FIGURE
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FIGURE 6-47.

Detailed logs of the basal 45m of the
Novales Member at Reocin showing the three key mineralized
horizons. The log on the left is after Sanchez, 1960,
1963 & 1971. The log on the right is from Monseur, 1962.
Both authors show a remarkable degree of similarity in
their desriptions of the mineralized horizons. The
scale on the far left is in metres. Adapted from
Adelhardt, 1968,
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POC) Quaternary.
[ 1] cenomanian.

N\JAlbian.
Aptian.
[T]]wealden.

E Liassic.
Permo-Triassic.
s Novales Mb.

dolomite.

-

FIGURE 6-51.

Geological map of the Reocin area showing the
extent of the Novales Mb. dolomite around Reocin that thins
to the west, east and north. The roman numerals on this
diagram refer to the borehole sections shown in Fig. 6-50.
Adapted from Monseur, 1967.
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FIGURE 6-53.

p of the Orena area, just NW of Santillana. The map is at a

Geolgical ma
It is located on Fig. 6-33. Key:-

scale of 1:20,000 (5cm/Km) with a 1 Km? grid.
N

l Las Penosas Formation.

0 1 Km
Sierra Member of the I 500m I ‘
Reocin Formation. 1

- Novales Member dolomite.
= <o
= d

Barrio Member limestone. §>
&
N

Rodezas Formation.

San Esteban Formation.

& n ]
CLE N /

& -
Vo

e G

NAvalec






Diagenetic model of dolomite
relations commonly seen in the
Reocin Formation

1) Barrio/Sierra Members Limestone
2) Non-ferroan sucrosic dolomite
3) Ferroan sucrosic dolomite

4) Sparry/baroque ferroan dolomite

5) Pb/Zn S mineralization
6) Late stage calcite veins (and dolomite too).

FIGURE 6-55.

A generalized summary of the relative
diagenetic relations seen in the Reocin Fm. dolomites.
The order 1 to 6 gives an idea of the relative timing

of events , though the diagram is not meant toO be to

scale.






FIGURE 6-56.

This is a typical view of the hypidiotopic
low-Fe, sucrosic dolomite of the Novales Mb. that was
formed in a mixed water zone. Note the inclusion-rich
cores and the more limpid rims. This dolomite generation
is described in Chapter 6.9.2, section 1. The dolomite
is medium- to course-grained and the field of view is
approximately omm wide.

FIGURE 6-57.

This is a cathodolumunesce photograph of the
picture above and shows the high Mn/Fe, brighter-luminesing
cores to this low-Fe, sucrosic dolomite. A very late stage,
moderate luminesing dolomite has followed in the cracks of
the intercrystalline boundaries. This dolomite shows a
rather uniform luminesence with little strong zoning,
indicating that it was formed from a rather homogeneous
water body that gently progressed towards lower Mn/Fe ratios
towards the edges of crystals. See Chapter 6.9.2..






FIGURE 6-59,

Tabulation of the stable results of carbon and oxygen fqr the carbonates
from the Reocin Formation, Santander, Spain.

A) Limestone values

H2 /1L
H3/1L
H14/1L
H15/1L
H16/1L

mean + (2.error in mean)

B) i) Non-ferroan sucrosic
dolomi tes

H6/1D

H7/1D

H8/1D

HI/1D ,
H3/2D |
H10/1D

H17/10

mean + (2.error in mean)

i1) Ferroan, sucrosic dolomite

H4/10
H5/1D

mean + (2.error in mean)

iii) Sparry, limpid, ferroan
dolomite

H1/1D

H11/1D
H12/1D
H13/10

mean + (2.error in mean)

iv) Baroque, sparry ferroan
dolomite

H18/1D
H19/1D
H19/2D
H20/10

mean + (2.error in mean)

Control Values

10S-1/1
10S-1/2
(Preferred values for TDS-1

+3.
+3.
+2.
+2.
+2.

13
6" *Cppg

39
40
70
85
44

+2.

+3
+3
+3

+2

+3.
.24

+3

96

.27
27
.26
+2.
.92

92
18

+3.

-0.
-0.

-0.

-1.
-0.
-0.
-0.

15

44
27

35

13
94
72
80

-0.90

+1.52
+1.52
+1.44
+0.52

+ 0.38

0.12

i+

i+
o

.17

+ 0.18

+1.25 + 0.49

+1.87
+1.83
+1.835

61%0ppg

-3.43
-3.43
-3.74
-3.55
-4.20

-3.67

-6.95
-6.98

-6.40
-6.34
-7.12
-6.95

-6.81

-6.76
-6.77

-6.76

-7.15
-7.64
-6.77
-6.69

-7.06

-71.75
-7.67
-7.61
-8.08

———

+ 0.29

0.23

I+

0.01

I+

+ 0.43

-7.78 +0.21

-10.79
-10.87
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FIGURE 6-6l1C.

Galena analyses of the Capa Norte ore body
at Reocin in mole % from electron microprobe.

SAMPLE Pb Zn Fe S
Cubic crystals of 53.4 NM 0.03 46. 2
PbS from the zebra 53.5 NM 0.02 46. 2
ore of cm bands 52.8 @) 0.2 46.9
of ZnS and 53.7 0.23 0.09 45.9
ankerite. 52.8 O 0.2 46.9
53.7 0.23 0.09 45.9
53.4 0 0.11 46.5
53.6 0.3 0.16 45.8
Means: 53.4 0.12 0.09 46.3
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FIGURE 6-63A.

This is a typical example of the xenotopic
dolomite from the Novales Mb. and shows the sutured
crystal boundaries. This was taken in cross-polarized
light of an area o6mm by 9mm wide. See Chapter 6.9.2.

FIGURE 6-63B.

This is potassium ferricynide/Alizurin Red S
stained thin section of the high-Fe, hypidiotopic to
xenotopic dolomite that has been cut by a late-stage,
fracture-related, sparry dolomite that is low in Fe and so
takes only a light stain with the solution. Note the
sucrosic texture of this transitional type of dolomite
(cf. Chapter 6.9.2, section 2). The field shown is
about 9mm wide.
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FIGURE 6-64.

An electron microprobe traverse across a
sucrosic, ferroan dolomite with concentrations measured in
mole %. Note the mild zonig with Fe/Mn-rich, Mg-poor rims
to the dolomite. Note the changes of scale for Mn or Fe
or (Ca + Mg).
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FIGURE 6-66.

Black, sucrosic, hypidiotopic to xenotopic
ferroan dolomite cut by a few fracture-related, white,
sparry dolomites. Petrography shows the the black colour
is due to the inclusion of fine-grained humic organic
matter, similar to that seen in the estuarine muds of the
Las Penosas or Bielba Fms.. Sample from the "Productos
Dolomia" quarry at Revilla (58559783). The lens cap is

5cm wide.

FIGURE 6-67.

This shows the tan grey weathering, ferroan,
sucrosic dolomite with a vuggy porosity that has been
coated in white sparry / barogque dolomite. Note the well-
developed euhedral crystals of barogue dolomite that line
the inside of the vuggy porosity seen just below the lens
cap. The sample comes from the same locality as Fig. 6-66
and the lens cap is 5cm wide.









FIGURE 6-69.

A typical view of the massive white sparry
high-Fe dolomite that forms an interlocking mosaic. The
microfacies was taken in crossed polars and shows the
sweeping extiction characteristic of this dolomite generation
in the dark zones across crystals (such as the centre bottom
one). The area shown is 3mm across.

FIGURE 6-70.

This shows a well-developed baroque high-Fe
dolomite/ankerite with angular, scimitarlike crystal
terminations, strongly undulose extinction (as above).

A clear inclusion-rich to inclusion-poor zoning can be seen
in the centre bottom crystal. The right hand side of this
crystal also shows the slightly curved crystal faces

that are commonly seen in baroque dolomites. The field of
view is 3mm wide and the photograph was taken in cross-
polarized light.






EARLY PARAGENSIS LATE PARAGENESIS

SPHALERITE

GALENA GosnaeERt e eb e « ovEasSEo— ——-.1-

PYRITE
MARCASITE

FERROAN DOLOMITE

CALCITE -1

FIGURE 6-71.

General paragenesis sequence seen in
the Novales Mb., especially around Reocin. The pyrite
is minor volumetrically as is the calcite. Adapted
from vadala, 1981.
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FIGURE 6-76.

Mechanical infill of a small, cm—-sized
depression at the base of the Capa Sur ore body at Reocin
illustrating the varve-like infill of the high-Fe dolomite/
sphalerite (3) of this depression. 1 = Enclosing sparry
dolomite, 2 = Colloform sphalerite and 3 = Geopetal infill
of the depression by alternations of sphalerite and a buff
tan xenotopic detrital internal sediment dolomite. Such
soft sediment features are gquite common in the Reocin ore
horizons. Adapted from Vadala, 198l.
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FIGURE 6-77.

An illustration of the collapse breccia in the
Capa Sur ore body at Reocin. The mineralisation contains
blocks of pre-lithified hypidiotopic/xenotopic dolomite within
the ore horizon (left hand diagram). This is clearly at the
very base of the Novales Mb. at Reocin, only just above the
less permeable marly limestones/marls of the Rodezas Fm.
Note the basal black mud at the base of the karstic cavern
which is very similar to those seen in the estuarine muds of the
Las Penosas and Bielba Fms.. The more detailed right hand side
diagram shows the geopetal infilling of depressions by detrital
tan grey dolomite, thin muds and sphalerite. Adapted from
vadala et al., 198l1.
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‘FIGURE 6-79.

A triangular plot in mole % of the
Mg, Ca and (Fe + Mn) of the Upper Aptian and Albian
white sparrv / baroque dolomites from the Reocin area.
Note the exceptional overlap between the data from the
Albian and that from the Aptian strata, indicating that
these dolomites were derived from the same source.
Hence, the high-Fe sparry dolomitization was post the

Albian carbonate deposition. Adapted from vadala, 1981.



Stable sulphur isotopes of the Reocin Fm.
Pb/Zn Sulphides. |
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FIGURE 6-80.

The stable sulphur isotopes of the Reocin Fm.
ZnS, PbS, FeS and BaS from Adalhardt, 1968, One reading is
indicated by a small square such3is that at -20% . Note
the progressive increase in del S towards the western end

of NW Santander, For discussion see Chapter 6.9.2, section 3.
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SANTANDER ALBIAN SEQUENCE
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FIGURE 7-4.

A general summary of the lower part of the

Albian sequence in NW Santander taken from the Comillas
area. The arrows to the right of the graphic log are
general palaeocurrent directions.



FIGURE 7-5.

General view of the base of the Lower Albian Las
Penosas Fm. from the Seminario Pontificio section (Section 7
on Fig. 7-1). This shows the sandy channels of the basal
sheet fluvial sandstone of this formation in the Comillas
area, In the bottom right is a faulted contact with the
gr-sey marls/wackestones of the Comillas Mb.,. Above this is
a sand-dominated fluvial channel (cf. base of Section 7 of
Fig. 7-1) .that is 6m thick. Details of this channel are
given in Figs. 7-6 & 7-8. Above this basal channel is
a similar sandy fluvial channel. Together they form the
basal fluvial sheet of the Las Penosas Fm. 1in this area.

The pebbles/cobbles in the bottom left hand corner are
Recent beach ones and the overall section exposed in the
photograph is 12m thick. This section is shown in detail
in Section 10/1, O to 1l2m.

FIGURE 7-6.

Detail of the planar and trough cross bedding in
the basal channel shown in Fig. 7-5. This shows the stacked
cross-bedded sands of a South Saskatchewan-type braided river
that make up this basal sheet sand. The palaeocurrent pattern
shows a unimodal NNE/NE pattern, showing that these rivers
were coming from the hinterland to the S/SW. The section above
the sea level is approximately 7m thick.






FIGURE 7-7.

A view of the trough cross-bedding in the fluvial
sandstones of the basal fluvial sheet sandstones in the
lowermost part of the Las Penosas Fm. on the Southwest
Miradorio section (Section 8 of Fig. 7-1). This section is
illustrated in Section 5/31, 502m. Note the general lack of
of tidal features (herringbone cross-bedding etc.) but this
photograph does show the faint mud-draping of some sets.

The top of sequence is to the left in this photograph and the
hammer is 25cm long. The white-weathering colour is due to the
slightly coarser-grained natuer of this sandstone (medium to
course sandstone) and it's higher than average feldspar

content (moer proximal fluvial deposits are less mature).

FIGURE 7-8.

A detail of the trough cross-bedded sandstones of
the basal fluvial sheet sand of the Las Penosas Fm. from the
Seminario Pontificio section (Section 7 of Fig. 7-1). Note
the rarity of mud drapes in these cross-beds which relate to
minor tidal incursions up these rivers. This section is shown
in Section 10/2, 9m. The lense cap is 5cm wide and the
photograph is the right way up.






FIGURE 7-9.

Rootlet bed at the top of the sheet fluvial
sandstones of the Southwest Miradorio section (Section 8
of Fig. 7-1). These rootlets overlie parallel bedded
sandstones that themselves overlietrough cross-bedded
sandstones towards the base of the channel. This section
is illustrated on Section 5/32, 506 tc 512m, with the
rootlets at the top of this channel section. It 1is
possible that some of the vertical structures are
Skolithos burrows, but the presence of organic matter
in many of the burrows suggests that they are, in the
main, rootlets. The photograph is the right way up
and the hammer is 25cm long.

FIGURE 7-10.

This illustrates some of the lenticular
crevasse splay deposits of the lower part of the
muddy estuary of the Las Penosas Fm.. Rare palaeo-
current directions are often oblique or perpendicular
to the main estuarine channel direction, suggesting
that they are crevasses from the channel. The
deformation at the right hand side of the photograph
is tectonic and linked to the overturning of the
lower part of the Las P2nosas Fm. on the Southwest
Miradorio section (Section 8 on Fig. 7-1). Note also
the structural deformation in the muds beneath the
hammer. These crevasse splay sands built out into
peritidal muds/lagoons and are graphically illustrated
in Section 5/36, 527 to 529m. The hammer is 25cm
long and the photograph is the right way up. The
pebbles in the top left hand corner are Recent. This
is a typical example of Facies 2 of Chapter 7.






FIGURE 7-11.

Slightly muddy, flaser bedded sandstone of
the lower part of the estuarine system that was deposited
as a crevasse splay deposit from the estuarine channel.
This lithology is typical of the storm-related crevasse
splay sands and is far too muddy to be a back-barrier
washover sandstone., It is relatively sheet-like and
represents a splay that was developed by a number of
storm events into the peritidal mud/lagoonal area. It
shows slight bioturbation, as is typical in this
part of the estuary. Peritidal muds can be seen at the
base of the photograph. The lens cap is 5cm wide and
the photograph is the right way up.

FIGURE 7-12.

This is the basal plan view of a totally bioturbated
crevasse splay sheet sandstone that developed in the lower part
of the estuary. This sheet sandstone is in Section 5/35, 521.5m
to 522.6m. This sandstone is slightly muddy and seems to have
a high abundance, low diversity ichnofauna, characteristic of
a brackish environment (amongst others). This too would fall
into Facies 2 of Chapter 7. The lens cap is 5cm wide and the
photograph was taken looking vertically upwards.






FIGURE 7-13.

A convoluted crevasse splay sandstone (centre)
that shows abundant soft-sediment deformation. This
example is taken from the Punta Calderon/Punta de
Carrastrada section (Section 16 of Fig. 7-1) and is
shown in detail in Section 11/11, 53-55m. It is a
typical example of Facies 3 of Chapter 7. The top of the
photograph shows an intertidal black mudstone overlain
by the slightly erosive base of the distributary estuarine
channel of this section. The hammer is 25cm long and the
photograph is the right way up.

FIGURE 7-14.

This shows a typical example of a dendritic,
intertidal drainage channel which has been infilled by
soft-sediment collapse of it's banks. This small channel
occurs to the left of the hammer. Below this are crevasse
splay sandstones in peritidal mudstone. This is an
example of Facies 6 of Chapter 7. The pebbles at the top of
the photograph are Recent beach ones. This channel occurs
on Section 5/35, 524.5m. The hammer is 25cm long and the
photograph is the right way up.






FIGURE 7-15,

A typical estuarine distributary channel from
the Punta Calderon / Punta de Carrastrada section (Section 16
of Fig. 7-1). The base of the channel (base of photograph)
is slightly erosional and cuts into black mudstones beneath
it. The lower part of the channel is dominated by trough
cross-bedded sandstones with a basal lag of ironstone
conglomerates and carbonaceous wood fragments. The upper
part of the channel is heterolithic (Figs. 7-16 & 7-17)
and consists of a fining- and thinning upwards sequence
that becomes more bioturbated towards it's top. The
top of the clastic channel is by the base of the
calcarenitic channel of the Santa Catalina Mb., Barcenaciones
Fm.. This channel is illustrated on Section 11/12, 56 to
66m as well as on Section 16 of Fig. 7-1. The photograph
is of a section about 15m thick and is the right way up.
A 25cm hammer is shown in the bottom left.

FIGURE 7-16.

This is a detail of the heterolithic upper
part of the estuarine distributary channel shown in Fig. 7-15.
It represents the very low-angle, upper subtidal to lower
supratidal epsilon cross-bedding that infilled the non-active
part of this major estuarine channel. Parallel lamination,
wave- and unidirectional ripple cross-lamination are the
main sedimentary structures in the sands of this facies.
It is described in more detail in Facies 7 of Chapter 7.
The note book is l5cm long and the photograph is the right
way up.






FIGURE 7-17.

This is a detail of the uppermost part of
the upper heterolithic section of the estuarine
distributary channel shown in Figs. 7-15 & 7-16. It
represents the finest-grained, thinnest bedded and most
bioturbated part of this channel. Location of this
channel is given in the captions to Figs. 7-15 & 7-16.

FIGURE 7-18.

Epsilon cross-bedded tidal creek channel of
Facies 8 of Chapter 7. The base of the channel is near
the Recent beach pebbles in the bottom right of the
photograph. Note the centimetre-scale couplets of muddy
sandstone and sandy mudstone that infill the channel.
These couplets have an epsilon geometry that dips off to
right (E). This was taken from the west side of Casasolo
Bay (Section 9 of Fig. 7-1) in the upper part of the estuarine
sequence. The photograph is the right way up and the
hammer is 25cm long.






FIGURE 7-19.

This is a thin, cross-bedded channel sandstone
in peritidal mudstones. It was taken from the west side
of Casasolo Bay (Section 9 of Fig. 7-1). It occurs
towards the top of the estuarine sequence. The pebbles
at the base of the photograph are Recent. The
photograph is the right way up and the hammer is 25cm
long.

FIGURE 7-20.,

This is a longitudinal view of the lower
part of a major sandy estuarine channel. Just beneath
the base of the photograph is a basal lag to this
channel. Note the herringbone cross-bedding in the
sets to the left of the hammer. This is a typical
example of Facies 9 of Chapter 7. The photograph is
the right way up and the hammer is 25cm long. This
channel was taken from the east side of Casasolo
Bay (Sectionlo of Fig. 7-1) and is described there as
"Estuarine channel",






FIGURE 7-21.

Top of the estuarine channel shown in Fig. 7-20,
This is the top of the fining- and thinning-upwards
sequence of this channel and consists of thin (storm ?)
sands interbedded with black mudstone. Current and wave
ripples have been found in the sandstone laminae. Above
this photograph is a thick (4m) sequence of black mudstones,
The orange cobbles in the top left are Recent beach ones,
This was taken from the "Estuarine channel" of Section 10
of Fig. 7-1 on the east side of Casasolo Bay, east of

Comillas. The photograph is the right way up and the
hammer is 25cm long.

FIGURE 7-22.

This is a typical exaple of the intertidal
mixed flats developed within the estuarine sequence of

the west side of Casasolo Bay (Section 9 of Fig. 7-1).
It is a typical example of Facies 10 of Chapter 7.

It consists of interbedded clean to flaser bedded sand-
stones in a lenticular-bedded mudstone. Wave and
current ripples have been found in the sand laminae
which probably represent storm sands onto the peritidal
flat. A small fault is seen to the right of the lens

cap. The photograph is the right way up and the lens
cap is 5cm wide.






FIGURE 7-23.

An intertidal flat / dendritic drainage
channel deposit from the upper estuarine sequence of
Southwest Miradorioc (Section 8 of Fig. 7-1). This
shows the abundant mud-draping of the flaser bedded
sandstone, local bundling of the mud drapes, local
double mud drapes and down coset decrease in angle
of repose, All these features are indicative of
tidal action in the intertidal flat of this estuary.
This unit comes from Section 5/38, 539.5m. The

photograph is the right way up and the hammer is
25cm long.

FIGURE 7-24.

This is an ironstone conglomerate develped
from the upper part of the outer estuarine seqguence on
the western side of Casasolo Bay (Section 9 of Fig. 7-1).
This is an example of Facies 11 of Chapter 7. It was
deposited by either a high-energy storm event into the
intertidal flat or is the basal lag of a transgressive
beach deposit which has been reworked by the transgression

itself. The photograph is the right way up and the lens
is S5cm wide. '






FIGURE 7-25,.

An overall view of the coarsening- and
thickening-upwards estuarine mouth bar sequence of
the outer part of the estuary. The photograph shows
the northern limb of a small anticline on Southwest
Miradorio (Section 8 of Fig. 7-1) and shows a
thickening-upwards sequence from the base (above
Recent beach deposits) to the thick beds in the
grassed area. The obligue strutures in the thick-
bedded sandstone just below the base of the grass
are accommodation structures to the tectonic
folding. This section is graphically illustrated
in Section 6/1, O to 10m. and is a typical example
of Facies 12 of Chapter 7. The section shown is
the right way up and exposes about 10m. of rock.

FIGURE 7-26.

This 1s a detail of the lower part of
the coarsening- and thickening upwards sequence of
the estuarine mouth bar shown in Fig. 7-25. It was
taken from about 1.5m below the position of the
hammer in Fig. 7-25. It shows the decimetre inter-
bedding of a flaser and ripple bedded sandstone with
a wavy bedded sand/mud which is illustrated in more
detail in Fig. 7-27. This is in the basal part of
Facies 12 of Chapter 7. It is illustrated in
Section 6/1, 0.4 to 0.8m. Locations are given in the
caption to Fig. 7-25. The photograph is the right way
up and the lens cap is 5cm wide.






FIGURE 7-27.

A detail of the wavy bedded part of the
decimetre interbedded flaser bedded sandstone and
wavy bedded sand/mud of the lower part of an
estuarine mouth bar of the outer part of the Las
Penosas Fm. estuary. The mm to cm thick laminae
show local bundled upbuilding, irregular lower set
boundaries, form discordant ripples and swollen lens-
like sets that indicate wave reworking of these
sandstone laminae. This is shown in Section 6/1,

0. 7m. The photograph is the right way up and the lens
cap 1is 5cm wide.

FIGURE 7-28.

This is a plan view of the wave ripples at
the top of the estuarine mouth bar of Figs. 7-25, 7-26
& 7-27. Note the sharp ripple crests and minor
burrowing in these ripples. The reworking of the top
of the estuarine mouth bar in a transgressive sequence
means that if an beach/spit was present this is likely
to have been reworked by these very waves and not
preserved into the ancient. This is discussed in Facies
12 of Chapter 7. The wave ripple orientation is generally
WNW-ESE, ie. parallel to the palaeoshoreline. This top

to the estuarine mouth bar is shown in Section 6/2, 10m.
The lens cap is 5cm wide.






FIGURE 7-29.

One of the major logs from the estuarine
mouth bar area of the Southwest Miradorio sequence
(Section 8 on Fig. 7-1). It is developed within
Section 6/3, 15 to 1lém. It is associated with local
reduction and the development of pyrite, sulphur and
complex yellow clays. The presence of such large logs
1s typical of subtropical, humid estuaries (Tucker,
1973). A minor degree of tectonic deformation has
occurred in the right hand side of the photograph.

The photograph is the right way up and the hammer
is 25cm long.

FIGURE 7-30.

This 1s a typical example of the inshore
tidal bar facies from the Southwest Miradorio sequence
(Section 8 of Fig. 7-1). It is Facies 13 of Chapter 7.
The dominant structures are cross-laminated and cross-
bedded sandstones with rare lenticular bedded mudstone,
bedded on a centimetre to decimetre scale. A gravel
bed is shown in the dark brown beds in the left of the
photograph. This section is illustrated in Section
6/8, 36 to 40m.. The pebbles in the bottom right and

centre top are Recent ones. The section is younger to
the left and the hammer is 25cm long.






FIGURE 7-31.

A detail of the herringbone cross-lamination
in the inshore tidal bar facies of Fig. 7-30. The
directions of the cross-lamination are parallel-to-shore
WNW-ESE tidal ones as are the dominant palaeocurrent
directions in the inner shelf, marine part of the
Las Penosas Fm. (Fig. 7-35). Note the interbedded wavy
and flaser bedded sandstones beneath the lens cap.

This comes from Facies 13 of Chapter 7 and is shown in
Section 6/8, 37.3m. It was taken from the Southwest
Miradorio section (Section 8 on Fig. 7-1). The
photograph is the right way up and the lens cap is 5cm
wide., This picture was taken from about 40cm
stratigraphically higher than the hammer in Fig. 7-30,

FIGURE 7-32,

A well developed sand wave from the inner
shelf of the Las Penosas Fm. This is an example of Facies
15 of Chapter 7 and was taken from the Southwest Miradorio
sequence (Section 6/15, 70 to 74.5m). Note the medium-
scale trough cross-bedded sandstones that are stacked on
top of each other to form this tidal sand wave., It shows
a dominant unimodal palaeocurrent direction to the WNW,

a shore-parallel, ebb tidal direction. At the top

of the sand wave is a recessive-weathering grey marl that
is the base of the middle shelf Barcenaciones Fm.. The
photograph is the right way up and the sand wave is

4.5m thick. The boulders at the bottom left are Recent.
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FIGURE 7-34A.

A rose digram for the palaeocurrents from
the basal fluvial channel sandstones of the Las Penosas
Fm. in the Comillas area. Note the general N/NNE direction
of flow of these channels with sand being derived from
non-marine "Utrillas" to the S/SW of the NW Santander
area. These channels are shown in Fig. 7-36.



NORTH

FIGURE 7-34B.

A rose diagram of the palaeocurrents from
the crevasse splay and estuarine channel sands of the
Las Penosas Fm. from the Comillas area. The greater
spread in the data probably relates to the more variable
direction that such channels and crevasses have further
down the estuary than the feeder fluvial channels of
Fig. 7-34A., Note the dominant orientation towards the
WSW/W/WNW/NW which indictes that the estuaine channels
had a tendancy to turn in this direction, more in line
with that of the inner shelf shore-parallel currents.
This is common ,in estuaries with shore-parallel currents
where the major spits that front the estuary have a

strong tendancy to grow longshore parallel to the
dominant offshore current (here WNW - see Fig. 7-35).
This is shown in Fig. 7-36.
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FIGURE 7-35.

A rose diagram of the palaeocurrents from
the estuarine mouth bars/inner shelf tidal sand waves
of the Las Penosas Fm. in the Comillas area. The strongly
unidirectional flow towards the WNW/NW is due to the
shore-subparallel, inner shelf ebb tidal current flowing
in this direction. See text for details. These inner
shelf tidal sand waves are shown in Fig. 7-36.
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FIGURE

7-37.

A typical exapmle of the clean, cross-bedded
grainstones of the Santa Catalina Mb. of the
Barcenaciones Fm. taken from the N 623 road section
of the Puente Arce / Caserio de la Soledad section
(Section 24 of Fig. 7-1). A description of the this
Facies 16 of Chapter 7 shows that the currents
reworking the calcarenitic sand wave are dominantly
tidal. The photograph is the right way up and the
hammer is 25cm long (centre bottom).

FIGURE 7-38.

This is a good exposure of the high-energy
calcarenites of the Santa Catalina Mb from the Punta
de Ninera section, just north of San Vicente de 1la
Barquera (Section 1 of Fig. 7-1). It shows the
cross-bedded oobiosparite of the tidal sand wave of
the inner part of the middle / outer part of the inner
shelf. The dominant palaeocurrent direction is to the
right (WNW) and is the parallel-to-shore ebb tidal one,
This 1s an example of Facies 16 of Chapter 7. The
section shown is about 8m thick and the beds are
younger to the top left.






FIGURE 7-39.

A view of the cross-bedded Santa Catalina
Mb. from a fallen block of the basal calcarenitic tidal
sand wave of the Punta Ninera section (Section 1 of
Fig. 7-1). Note the multiple reactivations in the
cross-bedding, chacteristic of tidal deposition,
Facies 16 of Chapter 7.7 gives a description of this

rock. The block is the right way up and the hammer
is 25cm long.

FIGURE 7-40.

This shows one of the larger cross beds
of the second from base calcarenitic tidal sand waves
of the Punta Ninera section (Section 1 of Fig. 7-1).
It was taken from the same locality as Fig. 7-38.

The main bedding is subparallel to the base of the
photograph and the hammer is 25cm long. Note the
mud-rich wacke/lime mudstone drapes to individual
sets of this cross bed, again another characteristic
of tidal deposition. The flow (to the right) is
towards the WNW, the ebb tidal direction.
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FIGURE 7-43.

A rose diagram of the palaeocurrents from
the offshore calcarenitic tidal sand waves of the
Santa Catalina Mb. (Barcenaciones Fm.) from mainly
around the Punta Ninera section, just north of San
Vicente de la Barquera., This strongly bipolar pattern
clearly testifies to the essentially tidal origin of these
calcarenitic sand waves, with the westerly-directed
flow as the ebb one. Note the usual ebb (W) domination.
Illustrated in Fig. 7-36.
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FIGURE 7-44.

A rose diagram of the palaeocurrents
from the calcarenites of the Barcenaciones Fm. of the
Miradorio area. Note the dominant WNW direction of
flow, which is related to the major, shore-parallel
ebb tidal current of these middle shelf shoals.
A rather small data set could well be a problem in
this grouping, though the general trend is
consistant with’ other rose diagrams (Figs. 7-34 & 7-43).



FIGURE 7-45.

Refer to Figure 7-41.

FIGURE 7-46.

The interbar calcarenitic/marl facies of
Facies 18 of Chapter 7.7. This shows the thin (cm-
sized) quartz sand/silt-rich wacke/packstones
tempestites) in a marly matrix. Thicker bedded
(decimetre-sized) wacke/packstones also occur, cf. the
bed on which the lens cap is on. Note the moderate
bioturbation of the more marly facies, and the
presence od Chondrites burrows, characteristic of
these middle shelfal environments. The lens cap
is 5cm wide.

FIGURE 7-47.

A marly, nodular wackestone of Facies 20
of Chapter 7.7 of the Miradorio Mb. of the Barcenaciones
Fm.. Note the preferential burrowing of the matrix as
against the nodules, indicating that the nodular
cementation was very early, probably within the top few
10's of cm of the sea bottom. The lens cap is 5cm wide
and the top is at the top of the photograph.









FIGURE 7-49.

A typical example of the Miradorio Mb.
from the Punta Ninera section, just north of San
Vicente de la Barquera (Section 1 of Fig. 7-1). This is
the Marnes a Myacees of Mengaud, 1920 or Pascal, 1985,
This marly limestone (wackestone/lime mudstone) to marl
alternation in Facies 21 of Chapter 7.7. The
photograph is correctly oriented and the hammer is 25cm
long.

-

FIGURE 7-50.

This view of the Miradorio Mb. of the
Barcenaciones Fm. comes from the section at Barcenaciones
(Section 19 of Fig. 7-1). It illustrates the typical
limestone/marl alternation (Facies 21 of Chapter 7.7)
in the upper part of the photograph and nodular bedded
limestone below. This probably relates to the clay
content of the limestones. The photograph is the right
way up and the hammer %s 25cm long.









FIGURE 7-52,

This 1s a pair of skeletal (wacke)/
packstone tempestites from the sequence above the
Miradorio Mb. of the Barcenaciones Fm. from the
east side of Casasolo Bay (Section 10 of Fig. 7-1).
This is Facies 22 of Chapter 7.7. The lower sandy
packstone has a rather swaly stratification and is
bounded, above and below, by bioturbated calcarenite/
marl-Facies 18 of Chapter 7.7. The upper packstone
is rather strongly bioturbated. It has a typical
red-weathering hardground surface at it's top.

The lens cap 1s 5cm wide.

FIGURE 7-53.

These are highly bioturbated beds of
skeletal (wacke) /packstone from the basal parts of
the Torriente Mb. (Barcenaciones Fm.) on the eastern
side of Casasolo Bay (Section 10 of Fig, 7-1).

Clear burrows can be seen with the calcarenitic
packstones. The interpackstone beds are thin,
rippled packstone laminae with slight to intense
bioturbation. These are seen as tempestites-see
Facies 22 of Chapter 7.7. The beds are the right way
up and the lens cap is Scm wide.






FIGURE 7-54.

A typical view of the Miradorio Mb. of
Barcenaciones Fm. taken from the SW corner of the
Comillas headland. It shows the marl/marly limestones
of this member. The cliff is about 12m high.

FIGURE 7-55.

This shows the swaly cross stratification
of the Torriente Mb.- Facies 24 of Chapter 7.7. Note
the irregular antiformal swales that characterise this
Facies. This was taken from the upper part of the Torriente
Mb. of the Punta Ninera section (Section 1 of Fig. 7-1).
The lens cap is 5cm wide.
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LOCATION: South North Valnera, Barenaciones
(sectors Ebro, Ebro, Sector Sector
of Fig. Sector Sector ITI. IV.
5-9 and II. II.
Fig. 6-24)

FIGURE 7-56. !

A correlation of the sections chrough the
Aptian/Albian of the western part of the Basco-Cantabrian
basin from the south (Polientes) to the north (Rio Saja of
the Barcenaciones section, NW Santander - Section 19 of Fig.7-1).
The sectors referred are those of Garcia Mondejar and are shown
in Figs. 5-9 & 6-24. Note the relatively condensed sequense
that occurs in NW Santander relative to those to the south in
the Soba valley/Valnera area. The diagram shows the correlation
of the U, etc. scheme of Urgonian stratigraphy used by Garcia
Mondejar and it's coordination with the lithostratigraphy of

NW Santander.
Adapted from Garcia Mondejar & Pujalte, 1981.



FIGURE 7-57.

The "Capa roja" bed of fine calcareous
sandstone with reddish mottling as seen in the
photograph. This is a typical example of Facies 26
of Chapter 7.7. This was taken from the eastern side
of Casasolo Bay, Section 10 of Fig. 7-1. The mottling
is due to intense bicturbation of the sandstone by
marine benthos. The lens cap is 5cm wide.

FIGURE 7-58.

This is a typical example of the rather
massive to decimetre-bedded, clean, skeletal wacke/
packstone of the Torriente Mb. of the Barcenaciones Fm..
This shows the rather undulatory contacts between beds
in Facies 28 of Chapter 7.7. (see text). The beds are
the right way up and the hammer is 25cm long.






FIGURE 7-59.

A view of the Torriente Mb. of the
Barcenaciones Fm. from the Punta Lambreras section
(Section 6 of Fig. 7-1). It has a distinctly swaly
stratification, as is typical of Facies 28 wacke/
packstone of Chapter 7.7. Note the irregular, swaly
antiforms and synforms of individual beds, suggesting
a storm-influenced middle shelf environment of
deposition. The beds are the right way up and the
hammer is 25cm long.

FIGURE 7-60.

This is a Pseudotoucasia packstone bank
from the Albian sequence at Rio Saja (Section 22 of
Fig. 7-1 and Section 15A/33, 244m). It occurs in a
several metre thick bank of such rudists and
probably represents storm reworking of the middle
shelf sea floor to form such banks. The matrix is
micritic with abundant benthic foraminifera. This is
a sectional view with the top towards the top and the
lens cap is 5cm wide.







FIGURE 7-61.

The Caprina choffati beds of the
uppermost Torriente Mb. (Barcenaciones Fm.)
from the Punta Lambreras sequence (Section 6
of Fig. 7-1). This shows excellent examples
of the above named rudist, though generally
not in life position. This deposit probably
represents a localized bank that was
generated by storm waves moving the rudists
only a short distance. The lens cap is 5cm
wide and this is a plan view.

FIGURE 7-62.

This is an interdigitation of the
Bielba Fm. siliciclastics into the horizons just
above those with the Caprina choffati shown in
Fig. 7-61l. It is a muddy quartz sandstone with
rare glauconite. Note the swaly stratification
to this bed possibly linked to storm reworking
of sea floor. The bed is the right way up and
the lens cap is 5cm wide. The pebbles in the
top left are Recent.
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FIGURE T7-64.

A generalised model for the estuarine

sequence of the Las Penosas Fm.
of Facies used in Chapter 7.3.
Recent Loughor Estuary,
and funnel shaped

(Elliot & Gardiner,

showing the location
It is adapted from the

S. Wales which i1s macrotidal

1981).






