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. ADBSTRACT .::
COMPARISON OF SLOPE AND BASINAL SEDIMENTS OF A MARGINAL
CRA.TONIC BASIN (PEDREGOSA 'BASIN, NEW MEXICO) AND A
MARGINAL GébSYNCLINAL BAQ'IN (SOUTHERN BORDER OF PIEMONTAIS
GEOSYNCLINE, BERNINA NAPPE, SWITZERLAND)
Martin A. Schiipbach

The transition from slope to.basinal facies is well
exposed in the Pennsylvanian of New Mexico'§ Pedregosa
Basin and in the Liassic Sf SWitéerland's Piemontais
Geosyncline, and this research focused on comparing
these slope and basin éediments deposited in two
tectonically different environments.

The shape of the Pedregosa Basin is controlled by
basement faulting; lits trend is oblique to the Ouachita-
Marathon Geosyncline. Dpuring periods of stabilized high
sea~level stands, carbonate sedimentation prevailed in
shelf areas and bioherms built up at the shelf edge.
Bioclastic foresets and huge slumps of brecciated material
from these bioherms extended from the shelf edge into the
basin where deep-water carbonates were deposited. During
periods of low sea—levgl stand, shallow water channels
transported clastics over the shelf and eroded 400 foot
deep channels on the slope. The basin was filléd mainly

with shales, and channels on the slope were f£illed with



sand. At the base of channels on the slope, therec are
probably fan~ or cone-shaped sand bodies.

Normal faults in the Liassic slope sediments of the
Piemontais Geosyncline reflect the structural tension that
persistéd during early geosynciinal stages. Thick beds of
structureless breccias occur on the downthrown side of
these faults. -In the downslope direction, the breccias
grade into turbidite facies; farther downslope, thidk
wedges of turbidite thin at their distal edges. No
evidence was faund of channels or canyons that would sexrve
és point sources for sediment dispersion down the slope.
The turbidites grade upwérd into radiolarian chert; this
subsequent decrease of detrital influx is attributed to
the general deepening of the geosyncline.

The.main difference between the two basins is, that
the marginal cratonic basin deepened during carbonate
sedimentation and became filled during clastic
'sedimentétion. which is in contrast to the marginai
geosynclinal basin which ne§er filled and had only one
set of sedimentation type preccias - turbidites. The
sediments of the latter basin grade upwards into
radiolarian chert. The sediments of the marginal cratonic

basin are covered by continental deposits.
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INTRODUCTION
The thesis area in Switzerland is an outgrowth of my
Master's thesis area, which was completed in 1969 and
consisted of mapping, description and interpretation
of the Piz Alv area. The much 1arger-and more
complicated Piz Mezzaun area (north of the Piz Alv area)
was studied for the Ph.D. work. Half of the time was:
dévoted to an understanding of the structure, the
other half to sedimentological observations.. Short
. studies were conducted in the valle del Monte.area
(Xtaly). The pPiz Alv area was ;estudied. The fieldwork
in this high alpine area was done in the summers of 1969

and 1970,

Fieldwork in the Big Hatchets was done in the summer

of 1971. The logistics in this desolate desertlarea'
were difficult compared to the well populated and cool
Swiss area in the high Alps. My field assistant (D. E.
Mellor) and myself stéyed in a camp wﬁich was frequently
moved around in the Big Hatchet area. The daily |
problems consisted of flat tires, lack of water and
rattlesnakes. The interesting . .ibex population of the
Engadin Valley was replaced by the even more interesting

mountain 1ioné.



Tyo areas with well exposed shelf edge and slope
sedimeﬁts were found in the Big Hatchets., These two
areas were studied in detail and the beds were walked
out over distances of 1 to 2 miles. fhe measured
section of these two areas could be correlated with a
shelf and basin section (Exxon well). The area in
Switzerland was so tectonically complicated that beds
could not be.walked out; lateral control over distances
~of 1 to 2 miles is therefore lacking. Finding complete
and representative sections was another problem. The
control sectibns were measured in detail. Only mapping
directed towards a structural understanding was done.
The strucﬁural interpretations Qill be published
separately from this thesis.

The area in Switzerland was mapped by the late R. Staub.
His map could be used as a base. However, errors and
the small scalé did not allow use of this map for any
detailed studies necessary for this thesis. The
general geology of the Big Hatchet area was worked out
by the late R. Ze;ler. His map anéd publications could

be easily used.

The comparison of the basinal and slope sediments of



these two megatectonic environments should bear some
results towards an understanding of the development of
‘different shelf, or continental edges, as well as a more
precise predi;tion of different sedimentary settings,
their facies types'and distribution and their reservoir

and source rocks,
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STATEMENT OF PROBLEM
Basinal and slope sediments are studied in two different
megatecténic environments. These environments are;

(a) marginal cratonic basin. Permo~Pennsylvanian
sediments of the Pedregosa Basin in SW New Mexico.

{b) marginal geosynclinal\bas;n. éouthern,border
of Piemontais GeSsyncline; Bernina nappe, Juraésic
sediments; Engadin Valley, Switzerland.

The study of each basin has the following goalss

(a) facies types, shapes of sedimentary bodies, and
their distribution through time.

{(b) intérpretation of sedimentary processes.

(c) development of the basin; i.e; formation, geometry
and f£illing of  the basin.

Reasons for comparing and contrasting these two basins
include: .

(a) an attgmpt to uﬁderstand the development of
continental edges and the history of the relaﬁed
basins in different megatectonic environments,

(b) cause and differences of subsidence in different
megatectonic environments,

(¢) to be able to characterize each type of basin

sufficiently to permit recognition with limited

data.
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(d) to be able ‘to predict distribution of special facies

types, e.g. possible reservoir and source rocks for

petroleum,



EXAMPLE OF A MARGINAL GEOSYNCLINAL BASIN
(Jurassic Sediments of the Bernina Nappe, Engadin

Valley} S. E. Switzerland)

(a) INTRODUCTION

The Jurassic sedimentg of the Berniné nappe were chosen
to illustrate an example of a marginal geosynclinal basin.
The Bernina nappe occurs east of the Engadin Vvalley in
southeastern Switzerland and lies tectonically on the
Platta~Arosa nappe which contains éugeosynclinal sediments
(radiolarian chert, deep water clastics, etc.) and
ophiolites. An oceanic crust for this nappe seems to be\:
very probable and is assumed for this study. The Platta-
Arosa nappe is the southernmost part of the Piemontais
Geosyncline (Figure 1). The Bernina nappe with its.thick
crystalline core has a continental crust énd belongs to
the continental block which lies south of the fiemontais
Geosyﬂcline. The Bernina nappe belongs to the Lower

East Alpine realm and is the northern edge of the
continental block represented by the East aAlpine

néppes and the South Alps. 1In summafy, the Bernina

nappe is the transition between the continental block
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to the south and Piemontais Geosyncline (with oceanic

crust).to the north.

(b) GEOLOGICAL SETTING

The Bernina nappe occurs on the east side of the Engadin
Valley (plate 1). The sedimentéry cover 1is preserved in
the Piz Alv, the valle del Monte area and the Piz
Sassalbo areas. The Piz Alv area was studied for my
diploma thesis (M. A. Schiipbach, 1969) and was restudiéd
for this work. The valle del Monte area has been only
studied for the Ph.D., thesis. The Piz Sassalbo area,
the most southern one, has not been studied. fThe
'1argest area studied in connection with this work is the
Piz Mezzaun area which lies to the north of the other
areas (Plate 1). The sediments here occur in a half
window near Zuoz. The window exposes eight tectonic
slices, disconnected from the main crystalline core of
"the Bernina nappe and tfansported northward together
with the advance of the Languard nappe. The latter is
the next tectonically higher nappe above the Bernina

nappe.

The crystalline core of the Bernina nappe consists of

various Hercynian metamorphic and igneous rocks. The
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Triassic sedimgnts are mostly dolomites, besides some few

cornicules and limestones. Several tuff horizons occur
throughout the section. The depositional environment con-

L3

sisted of inter to supratidal and shallow marine conditions.

Tﬁe Triassic fécies typés are the same in the whole realm
of the Bernina nappe and are usually similar to the facies
of the nappes which tectonically over~ or underlie the
nappe. A wide spread éhallow sea on a continental crust

evidently persisted through Triassic time in this area. -

The facies types of the Jurassic sediments vary
tremendously within and between the different study areas
of the Bernina nappe. There are proximal ("near shore")
sediments in the southern areas (Piz Alv, Valle del Monte)
and distal sediments in the northern area (Piz Mezzaun).
This facies distribution reflects the éeneral Jurassic
paleogeography of a continental block to the south and the
Piemontais Geosyncline wiéh oceanic crust to the north

(Figure 1). A thin formation of Cretaceous sediments

covers the Jurassic sediments.

(cl THE JURASSIC SEDIMENTS OF THE PIZ ALV AREA

Four different formations could be distinguished in the
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Piz Alv arcea. .Most of the formations extend also in

other areas.

(1) Untere Xieselige Kalke Formation (Lower Siliceous

Limestones)

This formation name is informal. It was introduced by the
writer in 1970. Still today it is too early to introduce
formal names for all formations, because of insufficient

study of the sediments of the Lower East Alpine nappes.

It is possible that the "untere kieselige Kalke" are
equivalent to the Agnelli formation on the Julierpass

(W. Pinger, 1972).

The "untere‘kiesélige Kalke” have a fixed stratigraphic
position, which is always directly above Rhaetian
limestone and below the tectonic sediments (breccias and
turbidites). The 7 meters of nantere kieselige Kalke"
consists of very thin bedded (1-2 om) dark greyish lime-
stone. Shaly intervals are rare énd‘thin. Secondary
gquartz occurs only in small concentrations, except in the
upper part of the formation,'where.some thick nodular bands
of it occur. Parallel lamination is the only sedimentary

structure present. The age is Sinemurian based on
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Eparietites sp., an ammonite characterizing the Sinemurian.

The specimen was collected by R. Heusser (Swiss Fed. Inst.
of Tech.). No sedimentary hiatus occurs between the Rhaetian
limestones (Koessener Formation) and the "untere kieselige

Kalke" and the latter probably includes the Hettangian.

The depositional environment of the "untere kieselige
Kalke" was open marine, indicated by the few crinoids and
the ammonite. Prbbably deposition occurred below the

wave base but is not truly deeper marine.

(2) Alv Formation

The formalized name Alv Formation is introduced here. The
type locality is the mountain Piz Alv ("Romantsch
language: Wwhite Mountain). This formation is known in

older literature as Alv Breccia.

The same formation occurs also in the val del Monte area

and in the highest téctonic slice of the Piz Mezzaun area
(tectonic slice of Il Corn). In all these areas the Alv
Formation is the same. The breccias of the Alv Formation
have a red and yellow matrix. The clastic components are de-
rived mosﬁly from the Hauptdolomite Formation (Trigésie} and

vary between sand-sized and meéablocks several hundreds of meters
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in diameter. All components are angular. Some clasts have
joints which are not present in the surrounding matrix. A

few clasts are derived from the Alv rormation itself.

(a) Microscopy of the Breccias of the Alv FPormation

The matrix of the breccia is a dolomitic mierite to micro-
sparite; some 6f the dolomite crystals are euhedral.
Angularity of the components indicates that they were hard
during transportation and depositibn and early cementation
had occurred. Some Hauptdolomite components hawe stylolitic
rims. Fine grained highly oxidized laminae can be seen in
the thinsections. They represent minor bedding planes. The
matrix of the breccia has an irregular distributed yello@
and red color from oxidized iron in the matrix. Staining of
some slabs Qith Potassium ferricyanide showed that ferrous
iron is also present in the matrix, It is assumed that the
iron became oxidized dufing the erosion at the top of the

horsts from which the breccias came. Some of the iron then

became reduced during cementation in the phreatic zone,

Parts of the breccia have an interesting network of cracks.
These parts are irregularly shaped and are as wide as cms
across. The cracks themselves are usﬁally less than a

millimeter to 1 om wide énd can be several c¢m long.
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Three generations of cracks could be distinguished

(Figure 2).

The first generation of cracks are filled with the same
material as the surrounding matrix (i.e. dolomitic micrite
to microsparite). The difference between the two is the
color. However, the color'of the cracks is nét different
from the range of colors occuring‘in the matrix. Staining
of the cracks showed that they contain also reduced iron
as well as ferric iron. The chemical history of the iron

was therefore the same as in the surrounding matrix.

The second generation of cracks.cut through the first
generation. These cracks are.filled_with large sparry
dolomite crystals which appear brownish in the thin
section. Calcite crystals are rare and are always in the

center of the crack. The dolomite crystals contain only

ferrous iron.

The third generation of cracks contains " clear calcite
and dolomite crystals. Sometimes there is a thin laminae

of dirt in the center of the crack.
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Figure 2a: First generation of cracks in the brececisa
of the Alv Formation. This generation of cracks has
been leached in the vadose zone, then filled up with
mad and cemented in the phreatic' zone,

Arrow points to the dark-red crack,

Scale is in inches and centimeters,
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Figure 2b: Second generation of cracks in the breccia

of the Alv Formation, This generation of cracks has
been leached and cemented with sparry dolomite in
the vadose zone.

Arrow indicates one of the cracks,

Scales are in inches and centimetexrs,
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Offsetting and breaking loose of particles occur along
‘all threé generations of cracks, Sometimes only the first
or second and third or only the second generation is

present.

The lithification of the breccia occured in the phreatic
zone because reduced iron is in the matrix. Reduced iron
is typical for the phreatic envirénment: submarine
environments have usually oxidized iron, because cement-
ation may more likely happen on the water~sediment
interface. Leaching in the vadose enQironment of the
already hardened and lithified breccia resulted in the
first generation of crécks. The thus-formed cracks
became filled with the same kind of mud as formed the
matrix of the breccia.x The mud of the cracks became
lithified again under phreatic conditions incorporating
reduced iron. The seconq generation of cracks represents
again leaching in the vadose environment. But this

time the cracks became filled with sparry dolomite in the
vadose zone, lacking reduced iron. The third generation
of cracks became opened the same way the others did, but
they filled with sparry dolomite and caicite under

phreatic conditions incorporating reduced iron.
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According to the history of its cementation, the breccia of

the Alv Formation became lithified in the phreatic zone, but
became leached several times in the vadose zone. Vertical

tectonic movements are responsible for the change of zones.

Marine fossils, like belemnites, brachiopods, and
textularidaes are rare and occur only in certain parts
of the breccia. cCalcitic matrix in these parts of the

breccia occurs always together with the marine fossils.

{b) Sedimentary Structures in the Breccia of the Al#
Formation
Very poor bedding in the breccia of the Alv Formation is
~indicated by thin irregular fine grained layers. These
layers are not continuous laterally. Some of them‘stop along
steep lower boundaries, suggesting that the surface of the
breccia was very irregular. Others just thin out
laterally as if they might have been eroded away by the
overlying breccia. Their.length varies between several
meters and tens of meters. fThese layers are graded;
here and there they contain a large component (several
cm in diameter) which deformed the uﬁderlying layers.

convolution and loading is rare and is poorly developed.
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.8mall scale foreset bedding and slumping can be observed

in somec layers.

4

A detailed study was conducted in a place where the‘layers
stop along a steep base (see Figure 3):

Thé iayers have a thickness of 1-3 cm; their components
range in size between 1 and 6 mm. Some of the 1aye£s are
graded, but only their upper partt Sometimes the components
decrease in size laterally from 1 cm to 0.5 mm 6ver a
distanée of 5 cm. The decrease in the‘size of the
components is usually followed by a decrease in thickness
of the layer. Dpue to compaction the layers are bent |

upwards along their steep base.

Small channels (Figure 4) could be seen in the breccia of

the Alv Formation.

{c) Summary and Environmental Interpretation of the

Breccias of the Alv Formation

1) Relation to other facies types: (see paragraph 5, p. 37).
Interbedded with the Fain Breccia.
2) Geometry and paleographic relétionships: (see

paragraph g, p. 40).



Figure 3: Infilling of the irregular surface or cavity

of the breccia (Alv Formation) by thin bedded sediments,
whose upper parts are sometimes graded. Component size
increases also laterally from right to left,

Scale in centimeters.

il
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carbonate sandstone .
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Figure 4: Small channel in the breccia of the Alv Formation,
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Rim and conc like buildups along the side of’the horntg.
in deep erosional holes on top of the horsts.
Sedimentary structures:

No large scale bedding cbservable.

Thin beds drape over a hummocky surface; they are
not laterally continuous. The thin beds consist of
graded layers.

small scale channels.

Clasts:

Hauptdolomite clasts are dominant, no crystalline
clasts,

Size: sand-sized particles to sedimentary blocks
which are several hundreds of meters long.

Angular. |

No sorting.

.Petrography:

Matrix dominantly dolomitic.

Multiple phreatic cementation and vadose 1eaching..
Minor parts of the breccia have calcitic matrix which
contains often mariné fossils and no vadose leaching.
Interpretation:

whe Alv Formation breccia was deposited near sea level

. ad even ahove sea level because of the dominant
]



25
characteristiés of vadose leaching and the absence of
marine fossils. The absence of large scale sedimcntary
structufes exludes a transportation in terms of debris
flows or large channeled currents. Individual sliding
or rolling of each block or‘sheetnlike deposits over the
whole cone séems to be the major mode of transpoitation.
Small currents which probably were subaerial, left
behind the fine layers on the hummocky surfaces of the
breccia and eroded here and there small channels.
Brecciation in situ of the Hauptdolomite might have

happened, but was not important;

Flashfloods etc. collected the erosional dgbris and
transported them towards the horst edge. Certain special
tracks were preferred by these floods leading to the
cone-like buildups at the base of the ﬁorsts. However
debris was shed all along the horsts leaving behind the
‘typical rim of the Alv. Formation breccia along the base

of the horsts.

The lower parts of the breccia stayed continuously below
sea level. The vertical movements of land or sea level

fluctuations influenced only the upper part of the breccia.
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The lower parts of the breccia are the oncs with the

calcite matrix and the marine fossils.

(3) Frain Formation

the Fain Pormation is a breccia, which is distinctly
different from the breccia of the Alv Formation. The
type locality is in the Val da Fain ("Romantsch"

language for Valley of the Hay).

The matrix of this breccia is a bedded limestone,
consisting of alternating grey to black and yexlowish—
brown micritic limestone (Figure 5). The components of
the breccia derived from the Hauptdolomite. Their size
varies between 0.l mm and several meters. This size
variation does not include the sedimentary blocks which
can be as large as several hundreds of meters. Extreme
boudinage and stretching due to tectonism is dominant

in this breccia. The biack layers, the doiomite
components and the crinoidal fragments are more brittle
than the fellowish layers. fThe latter flow around the
first which form the‘boudins. The boudins of the dark
layers are orientéd with the longest agis horizontal and

in an E-W direction. and the shortest axis being vertical,



Figure 5: Breccia of the Fain Formation with belemnites,bivalves,

crinoids and dolomite components,

Scale in inches and centimeters,
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The formation of the boudins is contcmporancous‘with the
formation of the Piz Alv syncliﬁe, whose axis has a N-S
direction. The fauna consists of crinoids, belemnites,
and brachiopods. The componenés of this breccia only
cover 1% of the total outcropping area and are widely
scattered. However the components may occur in faint
layers, where their density increases to 5 and 10%. In
places they disappear 1atera11y.' Ah example of the
compohent size in function of the distance to their
disappearance is given below:

15 m lateral distance: size of components: 0.4 m

13 m lateral distance: size of cbmponents: 0.4 m

5 m lateral distance; sizg of components: 0.25 m

0.0 m lateral distance: size of components: 0.0

N {(no comp.)

Thin section petrograpﬁy also shows the flowings of the
dark limestons arcund the more brittle dolomite and
crinoidal fragments. The density of the smaller‘fragments
is around 20%. @Grading is not present. The only dominant
structure is parallel lamination. Secondary silification
§ccurs in baﬁds and soﬁetimes around components (sée
Figure 6). The quartz crystals are tectonically déformed,

which means that their formation is older than the



Hauptdolomit component

small components

gilification
matrix

10 em

Figure 6: Typical distribution of fine and

coarse clasts in the breccia of the Fain Formation,

' Hauptdolomit component

sedimentary
‘contact

1mnm

Figurg 7: Large component in the breccia

of the Fain Formation., The contact between
the component and the matrix can be tectonic
(boudinge) or sedimentary. The latter contact

. 8shows that the component sank inti the mud.
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tectonic events. Detrital quartz is rare, but some
sections contain up to 15% of medium to coarse silt.
In places turbidite beds are within the breccié. They
are cdarse grained (A types, see page-53) and their
grains are more abundant (20~30% density) than in the

breccia. fThe grading is poorx.

Figure 7 is an example of a large component. The bedding
flows around the component due to the tectonié stretching.
But in one place the bedding is cut off in a right'angle.
This feature is interpreted as a sedimentary structure
made by the component sinking into the still soft mud. The
fact that the components saﬁk into the mud indiyidually
and the very loﬁ frequency of the components suggest an
individual transportation of each component rather than

a2 mass flow mechanism.

(a) eraphic Representat;on and Interpretation of the
Breccia of the Fain Formation

The ten largest components were ﬁeasured in each breccia

layer. Sometimes lesé than ten components were measured

because of the ouﬁcrop situation. The largest diameter

was plotted against the average diameter of the ten
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measured components on a semilog paper (Figure 8). All
the points lined up on a curve. The meaning of this
curve can be explained the following way: A fine-grained

breccia, for example, has a maximum diameter of 20 cm and

an average diameter of 10 cm. Supposedly one would
éoarsen tﬂe‘ééeccia, then the coordinates of the maximum
diame£erland the aQerége diamete; would tend to follow

the curve. But, the coarsening of the breccia is
equivalent to the shedding of a coarser breccia at a
different time than that of the finer one. This means

that the size distribution of the components is constant
for different breccias through time. A time constant
distribution in the breccia can only form if the production

of the clasts and the mode of transportation between

source and depositional site remains constant through time.

This curve allows us to distinguish between the type of
breccia which has a relatively simple genesis and breccias

whose components had different and complex histories.

The breccias of the Fain Formation are the marine
equivalents of the subaerial breccia of the Alv Formation,

because they contain abundant marine foésils (crinoids,
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—— Mean Size of the ten largest components
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20 # ' At first maximum size is two
times larger than mean size;

as mean size gets larger (above
10 = 50 cm) maximum size decreases
only slightly.
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— ~ 3
. — w» Maximum size of component
Figure 8:

Plot of maximum size of component versus mean size of
the ten largest components in breccias of the Fain

Formation.
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brachs, and belemnites) and their position is always
further basinward than the breccias of the Alv Formation
(seé p. 40). Boulders and pebbles slid individually

into the depositional realm of this“breccia. The lack of
fine grained material might be explained by tufbidity
currents which were generated in the realm of the Fain 5

Formation and removed all the finer material.

(4) Mezzaun Formation

The namé Mezzaun Pormation is formal and is introduced
here for the first time. The Mezzaun.Fdrmation contains
all Jurassic rock types which were previously described as
"gtreifenkalk,” "Kieselstreifenkalk,; "Kieselkalk,*
"pleckenmergel,” etc. of the sediments of the Bernina
nappe eaét of the ﬁngadin valley. ‘The type locality of
this formation is the mountain Piz Mezzaun. The formation

also occurs in the piz Alv region. The formation consists

mostly of turbidites and some few slump breccias.

{a) Mezzaun Formation in the Piz Alv Region

The turbidites of the Mezzaun Formation in this area .occur
north of the val da Fain (see Platez;) where they lie on
an erosional surface of a horst. On ﬁhe south side of the

val da Fain there are thin beds of the Mezzaun Formation,
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interbedded with the fain Formation. The turbidites of
the Mezzaun Formation in the Piz Alv area are well-bedded
(bedding’ thickness varies between few mm and 30 cm) and are
dark gray. Thin breccia beés are very rare, The most
common sedimentary structure is parallel lamination.
Crossbedding is rare. Grading of the whole bed is not easy
_to.dgfige because the grain size varies mostly between fine
and very fine sand. Most of the bgds are classified as "b"
layers of the Bouma sequence. Some layers with grain size

up to coarse sand are present but not at all common.

The components of these turbidites are either Hauptdolomite
fragments or contemporaneous fossil fragments (mostly
crinoids). Fine to coarse quartz sand is rare; it can make

up as much as about 5%. The grains are angular to subrounded.

Secondary chertification occurs as nodules and irregular

elongated bands. : "

Sometimes wavy surfaces separate the bedé or are within a
single bed along the parallel lamination. ‘These wavy

surfaces are small bumps (soﬁe cﬁ high and about 30 om
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across) . Their shape is spherical and they are not
elongated in one direction. They are due to poor
convoluéion. Well developed convolutions are rare.
Slumpfolds and other slope indicating structures are
difficult to see because of‘the strong Alpine deformation
but in some cases still can be observed. Figure 9 shows
an interesting slump feature. Two different layers of
one turbidite bed can be seen on the bicﬁure. Tayer A

is the coarser 1ower.part (grading) of the bed and
lithified earlier than layer B which is the upper finer
part. During slumping the bed was under tension which
pulled apart the lower lithified layer A. Layer ﬁ. which
was still soff, floated on top of the blocks of layer A
and also slid in between the blocks., When the slump

came to a stop, the single blocks of layer A crashed into
each other and caught the upper soft part in between them.
This resulted in compressional features (folds) of those
parts of the upper 1ayer.which were in between the solid
blocks. The upper layer contains chert nodules, implying
that the chertification occurredafter the slumping and
after the lithification of the lower layer. The next bed -
above £fills in the tfoughs wheré layer B is down warped

between two blocks. This slump structure points out the

dip of the slope which in this case is northward.



Figure 9: Slumping of a bed whose lower part (&) is

lithified and whose upper finer part (B) is still soft.
For further explanation see text,
Scale: long edge of note book is 12 cm,

Arrow points in the direction of paleodip.
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(5) Stratigraphic Relationships of the racies Types in

the Piz Alv Area

Gmptiepees gt
v

The breééia of the Alv Formation is concentrated on the
south side of the Piz Alv where it reaches a thickness of
about 200~300 m (Plate B). One interval of Fain Formation
is interbedded with the breccia of the Alv Formation. This
interval has a thickness of about 50 m. It seems to
thicken eastwards. On the Piz Alv north side ther? is
only one little unit of Alv rormation. The thickness of
this unit is about 10 m; it thins eastwards.. Most of
tﬁe section on the north side of this mountain congists

of the breécia of the Fain Formation. Few intervals of

the Mezzaun Formation also occur.

The Jurassic section on the soﬁﬁh side of the val da Fain
consists mainly of the‘turbidites of the Mezzaun Formation;
The Mezzaun Formation covers an old horst surface at the
western end of the val d; Fain. This surface was not flat
and small pinnacles of Hauptdolomite shed some breccias of
the Fain formation type into the turbidites of the Mezzaun
Formation. Some erosional "holes" on these pinnacles are

filled with breccia of the Alv Formation. EBastwards, the

Mezzaun Formation rests on the "untere kieselige Kalke."
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The latter occurs cevoerywhere above the Rhacetian limestone
as a normal succession-and is older than all the other
Jurassic'format?qns.’ The Alv, Fain, and Mezzaun Formations
are time equivalent and represent different facies types.

They can overlie any stratigraphic horizon from the

"untere kieselige Kalke" down to the crystalline basement.

(6) Sedimeﬁtafy Bloéks

Sedimentary blocks occur in the Alv and Fain Formations.
The largest blocks are about 400 m long and 30 m thick.
They derived from the Triassic Hauptdolomite Formation.
They have been interpreted by R. Staub (1945) as being
“Schuppen”; i.e. tectonically emplaced bodies of Haupt-
dolomite. But their relation to the Jurassic sediments is
strictly sedimentary: smaller blocks are usuaily in the
same stratigraphic horizons as the large ones. compaction
of the sediments below the huge blocks can be observed.

If these blocks ére *schuppen” they must be bounded by
faults. These faults sﬁould also occur in the surrounding

rocks, but they do not exist there.

The large sedimentary blocks are interpreted to be edges
of horsts which broke off and slid down slope into the

basin. ?igure 10 shows a horst whose edgb broke off and



100 m

Lower ,middle Triassic Marine breccias (Jur.)

%) Crystalline basement =1 Rhaetic,Lst. (Up.Trias.)

W Scdimentary blocks (] Hauptdolomite
(Upper Triassic)

Figure 10: Tectonism during sedimentation.

Upper figure is a parallel projection of the Piz Alv
north side. Lower figure is a reconstructed cross section
of the same area for Lower Jurassic time.

Faults and thrusts not reprented in the lower figure
are alpine.
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slid along a curved fault towards the basin. In this case,

however, the block is still connected to the horst.

(7) Synsedimentary Tectonism

The very coarse sedimentation, abrupt facies changes, and
the sedimentary blocks within the Jurassic formafions
indicate syndepositional tectonic activity. It is a very
difficult undertaking to find traces of this Jurassic
tectonism in the highly deformed Alpine area. However,
Jurassic structures may be separated from the later Alpine
deformation by studying the Jurassic erosion of the Triassic
sediments, knowlédge that parts of the Alv Formation were
deposited in a subaerial enviroFment and the thickness
distribution of the Jurassic sediments. .Figure 10 is an
example of the hypothetical reconstruction of the north
side of Piz Alv. The reconstruction shows that normai
faulting was the characteristic tectonic style in this

area during Jurassic time.

(8) Paleogeogréphy of the Piz Alv Area

The preceding chapters are the base of the reconstructed

palecgeography of this region (Figure 1ll)..

The Jurassic section can be divided into two time

"
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Figure 11: Schematic facies distribution of the Jurassic sediments in
Piz Alv region,

Alv Formation,Fain Formation and Mezzaun Formation are Jurassic.

Hauptdolomit pFormation is Triassic.

Faults were active during Jurassic time,
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stratigraphic subdivisions (pigures 17-19):

A lower unit with a borst to the west, an Alv
Formatién cone to the south, and marine deposition to the
east with Fain Formation. The western part of this horst
is rimmed with Hauptdolomite. The latter has deep
erosional "holes” which are filled with the breccia type
of the Alv Formation. ©No crystalline basement components
could reach the basin to the east because of this rim of
Hauptdolomite at the horst edge.

The northern parE of thé upper unit consists of
turbidites of the Mezzaun Formation. They cover the old
horst surface of the lower unitiin the west and
the breccias of the Fain Formation in-the east. The
turbidites change info the brecéias of the Fain Formation
southward on the north side of Piz Alv. Further south-
ward (Piz Alv south side} the breccias of the Fain
Formation are interbedded Qith the breccias of the Alv
Formation. Thus, the facies changes southward into more
proximal types. Therefore, an E-W trending horst is
anticipated in the area south ofAthe Piz Alv.

Unfortunately there is only 'poor control in this area.
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(d) THE JURASSIC SEDIMENTS OF THE PIZ MEZZAUN AREA

(1) @Geological Setting

Eight téctonic slices represent the Bérnina nappe in the
half window of the Piz Mezzaun (Plate C). They are
disconnected from the main body of the Bernina nappe and
. were transported northward with the advancing Languard
nappe. The Languard nappe is the tectonically next higher
nappe and covers the eight tectonic slices to the south
and east. The Engadin fault is the boundary to the west.
To the north, the tectonic slices are upthruﬁted onto the
Lénéuard nappe along a steep thrust which is younger than
the thrusts separating the elements‘and the thrust‘at the

base of the Ianguard nappe (Schupbach, 1973).

‘The highest elements are usually transported the fartﬂest
in the direction of thrustiné and the lowest elements the
shortest in an area with imbricated thrusts., This rule

is not valid in the Piz Mezzaun area‘because some of the
eight elements are folded and overturned. These folds are
dragfolds along a young upthrust which thrusts the Lower
Berninan slices onto the Languard nappe. Some of the
lower elements were therefore higher in the originai

stack of imbricated thrusts and elements.’
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This folding of the thrusts, however, can not be proven in

the field because erosion has removed the fdld closure.

Structural cross sections based on contour maps of each
thrust show only some warping and do not poftray the whole

folding.

Reconstruction of the paleogeography and the tectonic
interpretation of folded thrusts is therefore based on

sedimentological correlation.

For this correlation it is assumed that all elements
belong to one sedimentary basin. This assumptioﬁ seemed
reasonable by studying the facies types. The eight
tectonic slices are (from the tectonic top to the base)}:

1) Tectonic slice of Il Corn

2) Upper tectonic slice of the Val Lavirum‘

3) ILower tectonic slice of the val Iavirum

4} Upper tectonic slice of the Piz Mezzaun

5) Tectonic slice of Medras

6) Tectonic slice of Stevel :

7) Lower tectonic siice of the Piz Mezzaun

8) Tectonic slice of Chamues~ch



45

Plate ¢ shows the stratigraphy and distribution of thesge

elements.

(2) Stratigraphy

Crystalline basement and fTriassic facies types, when

preserved, are the same as in the piz Alv area.

The highest tectonic slice, the Il Corn slice, has Alv
Formation at its base; above is Fain Formatioﬁ, which
in turn is overlain by Mezzaun Formation. The 1owes£
tectonic slice, the slice of Chamues-ch, ﬁas "Steinsberger
Lias" at its base. The "Steinsbéfger Lias" occurs at
the base of the Jurassic sections which are paleogeo-
graphically further north (Bugliaun series). The
"Steinsberger Lias" is overlain by the Mezzaun formation
in the tectonic slice of Chamues-ch. The tectonic slices
between the highest (Il Corn) and the lowest (Chémues—ch)
slice contain only the Me;zaun Formation. Slump breccias
in the Mezzaun Formation occur in two elements. A thin
irregular layer of a breccia similar to the Alv Formation
lies between the Hauptdolomite and the Mezzaun Formation

in the tectonic slice of Medras, suggesting

subaerial exposure. The area of the tectonic
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slice of Medras must have been a horst during early Lias.

{(a) :Age.of the Mezzaun Formation

The Mezzaun Formation is overlain by radiolarian chert.
Thé radiolarian Ehert is very wide spread in the East
Alpine realm and the South Alps. Its agelis Malm. The
base of the Mezzaun Formation in the Stevel slice contains
few meters of a dark limestone which had several épecimens
of Arietites sp. This aﬁmonite is characteristic of the
Sinemurian. The dark limestone might be equivalent to
the "untere kieselige Kalke" in the Piz Alv area. 'The
Mezzaun Formation is therefore slightly younger than the
Sinemurian and older than the Malm. The Mezzaun Formation
in the tectonic slice of Medras contained belemnites
(Passalotheitis sp.: detéxmiﬂed by C. R; Stevens) whose

4

age is middle Liassic or younger.

(3) Sedimentology of the Mezzaun Formation

The Mezzaun Formation consists of turbidites. Bouma
seguences, transported bioclastics, grading and the

concept of deep water sedimentation prove the existence
of turbidites, The source of the turbidites was in the

Piz Alv area, where they grade up dip into the breccias

of the Fain and Alv Formations.
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These turbhidites have mostly Bouma's "a" and "b" intervals.
Intervals "e¢" and "d" are very rare. This can be

éxplained by the grain size distribution produced in the

+
[

Bource area.

The lower part of a typical "a" interval (Bouma) is a few
cﬁ thick,'well gféded, and contains rock fragments of the
Hauptdolomite Formation and crinoidal debris. The grain
size variés between 2 cm and about 2 mm. The next higher
part of Bouma's "a" interval ié much thicker (several cm -~
1 m). It contains mostly crinoidal debris. The grain
size at the base us usually 2 mm and gt the top between
0.2 and 0.1 mm. Grading is poor because of the limited

grain size distribution.

Bouma's "b" interval has a grain size variation between
0.1 and 0.2 mm. The clasts are crinoidal debris, and
no grading is observable. Parallel lamination is very
common. Bouma's “b* interval is directly overlain by

pelagic shales and/or pelagic marls with Chondrites.

Bouma's "c" and "d" intervals do not exist because
the grain size necessary for these intervals is not
.present.  The grain size distribution produced in the

source was very limited. Erosion of the Hauptdolomite

Formation on the horsts did not produce many grains
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much smaller than the original dolomite crystals. 7The
remaining grains in the turbidites'arg mostly crinoidal
fragmenﬁé consisting of single crystals which were not
broken down further. The production of very fine sand,
silt and clay sized material was therefore limited. The
.seoarse grain size distribution affects also the coarse.
lower parts of the turbidites so that there is no matrix
between the coarse crinoidal debris and rock fragments.
The grain contacts are obliterated by solution (stylolitic
rim) or by calcite overgrowth around crinoidal fragments,
Real cementation is occasionally observed and consists
of micrite.and microsparite. Secondary silification is
common and occurs in bands and elongate nodules. The
thickness of tﬁese chertified zénes varies between some
mm and 30 cm; the length varies between 10 cm and
several m. The chertified zones contain guartz crystals,
which have a very irregular shape anq include parts éf
the surrounding calcitic‘matrix. suggesting that they
were formed after the deposition of the sediment. The
size of thése quartz:crystals is inversely graded. Most
clastic grains are erinoidal fragments which are single
crystals. The smaller a crystal is the easier it is to

dissolve and replace it by quartz. Silification advances,
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therefore, faster in the finer grained upper parts of a
bed, resulting in the inverse grading of the quartz
cfyétals; The amount of sponge spicules varies:

sometimes they are a rather important constituent.

Few Bouma "a" intervals have guartzitic clastics. 1In
one exémple clast size and composition changes from a
coarse carbonate sand into quartzitic fine sand. The
guartz grains are angular to subaﬁgular. The matrix in

between them is still calecitice,

(4) correlation of the Mezzaun Formation

Between Different Mectonic Slices

The problem of the paleogeographic reconstruction in this
area was stated above (p. 43): the eight tectonic slices
stacked upon each other.can not be put back into a logical
sequence from the structure alone. Only facies correlation
can be used to put the tectonic slices back into their
original position so that they form a logical paleo-
geography. But before a facies correlation is possible,

time correlation must be established.

This chapter and the following subchapters deal with the
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facies and time correlation between tectonic slices.

The Mezzaun Formation is the key for this correlation,
The other Jurassic formations do not occur in all the
slices and the Triassic facies types are too monotonous

and do not change from one slice into another.

Tﬂe facies‘c;réelétion %orlrécongéruciing fhe tectonic slices
has ::o ‘be[ basedl ::m a sedifnentologica'll. model. This

model has‘sediﬁentoloqical charactersitics which vary as

a function of the‘depositional environméntiand fherefore
ofléhe éaieogéography.i Thié variation will be used for
correlation. As example one of the characterisfic variables

could be the bedding thickness of the turbidites as a

function of the paleogeography.

(a) Model of the Sedimentological Environment

in the Mezzaun Formation

Introduction
The sedimentological model developed in this chapter will
be used later for the correlation of the tectonic slices.

The model is partly hypothetical and partly based on field

observation.

An empiric description of the turbidites in terms of their
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variation as a function of the palcoqcogfaphy (dcpositional
environmentT will be given first. Then the turbidites
will be dlassifiéd into intervals (i.e.,se&imcntological
subdivision of each turbidite bed) in order to approach

the problem in a more statistical manner. The last part

of this combines the empiric description in terms of
paleogeograpbical variables and ﬁhe classification of the
.turbidites. From this combination results a statistical
pattern 6f tﬁe intefvals (clagsification of turbidites)

'in terms of paleogeographical variables.

— o — — S e s g— vk mm— W iy o My G — dvels S
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The turbidites of the Mezzaun Formatiog grade laterally
into the breccias of the Fain and Alv Formations. The

Piz Alv area which contains the coarse breccias of the
Fain and Alv Formations and subaerially eroded horsts

is the edge of the basin, The tectonic slices of the

Piz Mezzaun area contain thé basinal sediments in form

of the turbidites of the Mezzaun Formation. The turbidites
of the northern Piz Alv area must therefore représent

the slope sediments, because they are the link between

the breccias of the Piz Alv area and the basinal
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turbidites of the Piz Mezzaun area.

Field observation revealed that the turbidites on the
paleoslope (i.e. northern part of the Piz Alv area) are
thin Qedded. fine grained and lack pelagic sediments
(marls, shales). The turbidites in the eight tectonic
slices of thé Piz Mezzaun area are thick bedded, coarse
gréined and contain some pelagic sediments, althoughAsome
of the slices contain turbidites whose bed thickness and
‘grain size is intermediate, but their content of éelagic
sediments far gxceeds the amount of the other two
turbidite types. Based on these observations the
following model is developed:

The turbidites largely bypassed the upper slope and
deposited only thin beds with fine grained material. The
turbidity flow lost most of its velocity and energy
when it reached the basin where the slope was less steep.
Loss of energy resulted kn‘deposition of the coarse
fraction. The resulting deposits are coarse and thick
bedded. fThe distal part of the basin received only fine
grained and few turbidite deposits, because only a small
amount of the sediment was carried that far. Pelagic

sedimenta‘form thick (up to 5 m) layers between the

turbidite beds. This distal part of the basin is
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represented by those finegrained turbidites containing
an excess of pelagic sediments which now are present in

some of the tectonic slices in the Mezzaun area.

In summaxy, a single turbidite bed is thin and fine
grained on the slope, thick and coarse grained at the
base of the slope and in the near-slope basinal areas
and then thins and becomes finer~grained farther out in

the basin.

G in A Sl gk — . Shmm— et mmm | e . e

A classification of the turbidites has to be made in
order to quantify the model obtained from the field
observations. The deep water sediments in the.Mezzaun
Formation were classified in the following way:

The capital letters:A-D, M will be used later in the
text and in the figures., The letters were capitalized to
distinguish them from Bouma's designation of intervals |
(see Figure 13).

A: 1Is the massive lower interval of a turbidite, which
is usually graded'and has no other sedimentary structures,
It is equivalent to Bouma's "a" ihterval. The grain size
varies between several cm at the bas and 0.2 mm at the top.

B: 1Is the same intervallas Bouma's "b" interval.
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Parallel lamination is dominant. "The grain size varices
between 0.2 and 0.1 mm. The grading is therefore poor.

C: fhis interval consists of.several turbidites., It
is introduced here to describe alternation of turbidites
ané pelagic sediments which are too thin to measure in the
field. The thickness of a single turbidite or layer of
pelagic sediments does not exceed 0.5 cm.

D: Pelagic!shales.

M: Pelagic marls with chondrites and other trace

fossils.

Bouma's "e¢* and "d" intervals are not present because the

grain size necessary to form these intervals is ﬁotpresent.

Relative Abundance and Thickness of the Intervals (A~D,M)
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The relative abundance of the intervals is a function of
the paleogeography, i.e.,'they vary in their abundance in
different environments like slope, near slope basinal
areas énd distal parts of the basin. The relative
abundance of these intervals can thergfo:e be used as a
charactersitic for the correlation of the turbidites,

i.e., to reconstruct the tectonic slices into a logical

sequence. The turbidites bypassed the uppef slope. Only
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fine-grained intervals were deposited in the northern part
of the Piz Alv area. Most of the intervals are of B and C
type. Pelagic sediments are’rare because of the bypassing
.of many turbidites. The A intervals occur mostly in thé
Piz Mezzaun afea or in terms of paleogeography at the base
of the slope. They disappear.in the more distal regions of
the basin. The B and C intervals continue farther out in
the basin. This means that the B -and C intervals are
relatively abundant on the slope and the B intervals in
the distal parts of the basin. The C intervals disappear
in the distal parts of the basin, because the pelagic
sediments between the turbidites (B) become thicker than
0.5 om; the turbidites will then be ciassified ag bicherms.
The relative‘amount of the inter&als M and D, which are
pelagic sediments, increases the more distal the section is.
The relative abundance of eéch interval is therefore known
in different environments slope - near slope pért of the

bagin - distal part of the basin.

A relative abundance means that no exact number is known,
but the abundance can bhe expressed in terms of a percentage.

Therefore a diagram can be drawn which has on one axis the

environments such that the most proximal environwment is
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to the left and the most distal to the right of the %
horizontal axis (Figure 13). The vertical axis of this
diagram contains the relative abundaﬁce (percentage)
of the intervald. This way the change of the relative
abundance of the intervals ig expressed continuocusly from

a proximal to a distal environment.

The distribution in thickness of each interval is also
described above: rather thih beds on the slope and thick
beds in the near slope environment. The intervals thin
gradeally from this environment to the distal part of the
basin. This thinning of each interval towards the distal
part of the basin can also be used in a statistical
manner:

The more distal-section should have the thinner beds
than the more proximal one. The thickness of each interval
type can tﬁerefore be!plotted on a histogram (Figure 1l5a),
whose vertical axis contains the frequency and the
horizontal axis the thickness classes (thin iniervals to
the left, thick intervals to the right)f Given the case
that there are two turbidite sections with equivalent age.
One of the two histograms of these two sections will have
the wider variation of thicknesses (i.e. contains thicker

intervals), that indicates a more proximal environment

to the other section which has thinner intervals, Nature
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of peiﬁgic se&iménés and]the érain size distribution.are
otherl§§riableé.whichrcaﬁ be dsed ;s‘environment indicator.
However they will be used only to confirm the results
obtained. |

; , Y

fhe ﬁodel of the éedimentological environment in the
Mezzaun Formation provides two continuous variables
(nature and thickness of intervals) indicating the
environment. These variables will be used in the next

chapter for correlation.

(b} Methods of Correlation
As mentioned above the correlation of the Mezzaun Formation
between the tectonic slices must be a time and facies

correlation.

In this highly deformedAalpine area it was not possible

to measure representativé sections in each tectonic slice.
Sections were measured in the northern part of the Piz Alv
area, in the tectonic slice of Medras, the lower tectonic

slice éf the Piz Mezzaun and the tectonic slice of stevel.
Some‘sectiohs cross the whole formation, others'represent

just part of it.



58

Bed by bed correlation is impossible in these turbidites.
Correlation of the entire formation between the tectonic
slices was also impossible, because the complete sections
are not always present, and there was no way to tell how
much was missing. Therefore, the sections were divided

into "units."

The distinction between these units is based on the
presence or absence of certain intervals and their
thickness. The sections were plotted in such a way that
the interval thickness is on the horizontal axis and the
interval type (A-D, M) on the vertical axis (plate D).
Each interval is repreéented by a 1in§, whose length
marks the thickness and whose position (distance from the
horizontal line) matches up with a certain type. The
division into units iﬁ‘these sections can be made visualli
For example, the section of the lower tectonic slice

of the riz Mezéaun was divided into two units. The lower
unit ‘is thin bedded and contains marls (M) and shales (D)
which are missing in the upper thicker bedded unit. The
section in the northern Piz Alv area (S-chuedella) was

divided into two units. The section of the tectonic slice

of Medras was divided into four units. The tectonic slice

of Stevel could not be divided into units because of its
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uniformity.
|

TWO independené operations were applied fcr the
correlation:

(a) Relative distribution of the intervals (A~D, M)
on the slope and in the basin.

(b) Thickness variation of éhe A and B interva;s in
the more distal portion of a turbidite, .
The correlatibﬁ and reconstructed paleogeography was
confirmed by two additional observations:

(c)‘“The maxinum grain size at the base of the A
intervals.

(d) The pelagic sediments.
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The relative abundance of the intervals as a function of
the environment was preseﬂted in the chapter "Model of
the Sedimentological Environment in the Mezzaun Formation"

and is shown in Figure 13.

The relative abundances (percentages) of each interval

was calculated for each unit, The sections were then



60
arranged so that their distribution of intecrvals in the

éorrelated units resemble the theoretical diagram of

Figure 13.

It turns out that the arraﬁgement which matches best the
theoretical diagram'is a correlation presented in Figure
14. All units 1 can be correlated and all units 2 can be
cérrelated (tiﬁe correlation). The facies correlation
resulted in the following position (from proximal to
distal, or south to north) §f the tectonic slices:
northern Piz Alv area - tectonic slice of Medras - lowe;
tectonic slice of Piz Mezzaun —itectonic slice of Stevel
(Figuré ié): Eﬁe‘wholé seéﬁion‘éf‘the‘tectonic slice of
Stevel wés compéred ﬁith the different units of the other
séctions; the former is too uniform to divide into units.
It is still possible to determine the environment of the
section of the tectonic sliﬁe of Stevel because the
section is uniform and the facies correlation is done in

terms of relative abundance of intervals.

gh&qhqgsg gggygtiqg_gﬁ_thqdﬁ_qu_ﬂ_Lgtg:gq;s

The thickness variation of the intervals can indicate the

depositional environment between the base of the slope




61

and the distal part of the basin (sce chapter "Model of
sedimentological environment in the Mezzaun Formation").
Different unit; are compared with histograms representing
the thickness variation of a certain interval. Thicker
intervals (wider variation) occur in the more proximal

environment (Figure 15a).

Correlation was made in the sections of the lower tectonic
slice of the Piz Mezzaun and the tectonic slice of Medfas.
The correlation did not include the section of the
tectonic slice of étevel, because thig section contains
only one unit and several are needed. The sectiongof the
northern part of the Piz Alv area was also not included,
because it contains slope sediments, which are

inappropriate for this correlationm.

The units of the different tectonic slices must also be
correlated in time before they can be correlated in times
of facies. Time correlation was made on the basis of

trend relations between units.

Each section.is subdivided into units and the felative

proximality (or distality) was determined in each unit by
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the thickness distribution of the A intervals., A certain
section (gs example the section of the tectonic slice of
Medras) showed a trend(Figurel5p): unit 1 (Medras section
is less proximal than unit 2; unit 2 is more proximal than
unit 3, which is also more proximal than unit 4. The
trend in the section is from a distal environment to a
proximal and then back to a series of distal environments.
The same analysis can be made in the section of the lower
tggtonic slice of the Piz Mezzaun (Figure 15b). This
section contains only two units. The trend irn this
section is from a more distal to a more proximal
environment (from unit 1 to 2). This trend can only be
correlated with the lower two units (uni; 1l and'2) of the
section of the tectonic slice of Medras, because these
have the same trend (from a more distal to a more proximal
environment upwards in the section). fThe upper part of
this section (from unit 2 on upwardsj hﬁs the wrong

érend. from préximal to éistal.
The correlation can be rechecked by using the B intervals.

The above anaiysis was only the time correlation. This

correlation does not give any information on the



63
paleogcographic position of the sections (tectonic slices).
Facies inforﬁation will give this information. This
correlation was made the same way as the time correlation,
but this time the time correlated units of the different
sections are qompared with the help of the histograms
(Figure 16). Unit 1l of the lower tectonic slice of the
Piz Mezzaun has the sémg age as unit 1 of the tectonic
slice of‘Medras.' This analysis'ﬁas first made with A
intervals and then checked with B intervals. Both
analyses show that unit 1 of the lower tectonic slice
of Medras is more pr&ximal than unit 1 of the lower
tectonic slice of the pPiz Mezzaun. fhe.same analyses are
then repeated for units 2 of both tectonic slices (both
units have the same age according to the time correlation).
The analysis with units 2 resulted in the same
paleogeographic order, pointing out the co?relation‘

endured multiple independent checks.

Maximum Grain Size at the Base of the A Intervals
The maximum grain size at the base of the A intervals did
not give a direct clue for correlation but agrees generally

with the correlation pattern stated in paragraphs (a)

and {b) on pages 59 and 60. ‘The maximum grain size at
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I - IV are measured sections in different tectonic slices,

Figure 12: Time and facies correlation of the units (Mezzaun
Formation) in the measured sections.

The sections to the left are in the distal, the ones to the
right in the proximal environment,’

The section of the tectonic slice of Stevel (I) is not sub-
divided into units, because of its uniformity.Only the facies

and not the time correlation could be done,

I: Tectonic slice of Stevel IT: Lower tectonic slice of
; the Piz Mezzaun.

III: Tectonic slice of Medras, IV: Northern part of Piz Alv
. area {S-chuedella),

The sections (and units) are not to scale.
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Figure 13: Classification of the turbidites into intervals {A,B,C,Dland M) .

The diagram in the upper part of the Figure shows the relative abundance

of the intervals from a slope to a basinal environment (proximal-distal)
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These two diagrams resemble the theoretical diagram (Figure 13)
most, The diagram to the left correlates uints 1 and the one to the right units 2,
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Figure 15a: Thickness distribution of intervals
(A or B) indicates proximality or distality.This
analfsis is only wvalid in distal portions of

the turbidites;i.e. in the basin and not on the
slope.

A wide variation of thickness (i.e. thicker beds)
is indicative for a more proximal environment, A
narrow variation (i.e. thinner beds, they all
occur on the left side of the diagram) is indi-

cative for a more distal environment.
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Figure 15 b: Time correlation of units in different
sections.

The diagram in the lower left of this Figure re~-
presents the section of the tectonic slice of
Medras, This section has 4 units, A trend towards
proximality can be obeserved from unit 1 to 2;

from unit 2 to 4 the trend is towards distality.
The diagram in the lower right is the section of
the lower tectonic slice of Piz Mezzaun. Theé
section has 2 units and the trend from unit 1 to
unit 2 is towards proximality,

The correlation is based on the similarity of trends,
Proximal trends are correlated with proximal ones,
and distal trends with distal ones, The resulting

correlation is in the upper part of this Figure.
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interval A—

———interval B
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Figure 16: Facies correlation of the different units.

Unit 1 of the tectonic slice of Medras correlates with

unit 1 of the lower tectonic slice of the Piz Mezzaun;
units 2 of both slices correlate the same way (see Figure
15 a,b). Intervals A of both units are compared (this
Figure)} in terms of their distality with the help of the
histograms, Unit 1 of the lower tectonic slice of the Piz
Mezzaun is more distal, This analysis 1s checked by using

B intervals, 2 correlation with units 2 (2,B) gave the same

results (lower part of this Figure).
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the base of the A intervals varies between 0.86 and
3.2 mm in the section of the tectonic slice of Medras and
is about 0.63 nmm in the lower tectonic slice of the piz

Mezzaun.

Pelagic Sediments

A vertical as well aé a horizontal facies change from a
more proximal into a distaltenvironment exists in the
Mezzaun Formation in the Piz Mezzaun area. The ﬂezzaun
Formation in the tectonic siice of Medras changes froﬁ
the first unit to the second unit from a relative distal
to a proximal environment. But from the second unit on
upwards the change is towards a more distal environment.
The fourth unit contains large amounts of peiagic marls (M)
(Figure 12,17. This unit grades upwards into shales and
radiolarian chext. A deep environment With no detrital
influx usually reflects a high concentration of MnO.

The shales contain about 0.22% ofAMno. The radiolarian
chert can contain concretions of manganese with very ﬁigh

- percentages.

The lateral gradation of the lower part (units 1 and 2)

of the Mezzaun Formation in the tectonic slice of Mecdras



71
into the Mezzaun Formation of the lower tectonic slice of
the piz Mezzaun and into the tectonic slice of Stevel

(i.e. a gradation into more distal environments) shows

first an increase of pelagic marls (M) with chondrites
‘and then further distally a simultaneous increase of
pelagic shales and a decrease of pelagic marls. The
former contain as much as 4.68% MnO. Radiolarian chert
would be theoretically the most distal sediment type, if
the necessary water depth was present and the environment

tectonically preserved.

(5) Fans, Channels and Submarine Canvyons

The presence of submarine fans and channels would severely
interfere with the correlation methods used here.
Submarine fans have channels which have a much more

L]
proximal environment than the surrounding fan surface.

Channelling is the most éharacteristic attribute of fans.
Nowhere could one observe channell?ng in the Mezzaun
Formation, not even in the northefﬁ Piz Alv area where

a lateral cross section of about 7 km exists. Fans occur -
often at the end of éubmarine cényons, the submarine

canyon acting as a point source, in front of which the
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fan builds up. But no canyon is seen in the priz Alv areca
and therefore no point source is envisaged. However, the
breccias of the Alv Formation collected in cone-like
buildups along the horsts (Figure 17) suggesting a
suﬁaerial point sourcé. The cones extended a short
distance into the bésin and occurred in a narrow strip
parallel to the edge of the horst. A little breccia has
been shed all along the horsts. 'A well localized influx
of detritus, which could act as a point source; seens to

be absent.

Therefore a wedge of turbidites occurred all along the

continental edge, with no lateral buildups or fans.

(6) Conciusions

Both correlations resuited in the same time and facies
pattern, which was confirmed by the grain size distribution
and pelagic sediments; fhe resulting paleoéeography is
shown in Figurel2. Units 3 and 4 of the section in the
tectonic élice 6f Medras are not represented in the‘other
sections, except perhaps in the section of the tectonic
slice of Stevel. The missing part on top of the other

sections is interpretedhas being cut away by thrusts,
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The resulting paleogeography influences the structural

geology in such a way that folded thrust mentioned on

page 43 is supported.

(e) PALINSPASTIC PALECGEOGRAPHY OF THE PIZ MEZZAUN,
PIZ ALV AND VALLE DEL MONTE AREAS

It is possible to reconstruct the paleogeography of the

Piz Mezzaun area with thé help of the correlations

discussed previously (Figures 17, 18, 19).

The Piz Alv area and the Piz Mezzaun area are separated
by the crystalline rocks of the tectonically higher
Languard nappeKover a'distance of about 10 km. (Plate A).
The Piz Mezzaun area consists of eight tectonic slices

. stacked upon each other,(flate C). fThese slices
represent the sediments of the Bernina nappe, which
originally were betweenlthe Piz Alv and Piz Mezzaun areas.
The advancing Languard néppe picke@ up the sediments of
the Bernina nappe in the form of the tectonic slices

and stackéed them all upon each other in the Piz Mezzaun
area (Schipbach, 1973). One can link them together in
the reconstructed paleogeographic maps and cross sections

of the Piz Alv and Piz Mezzaun areas without leaving out
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any extended paleogeographic areas. However, the

. paleogeographic distances between the sections in
differeﬁt tectonic slices are very difficult to judge.
Figure 18 is a palinspastic paleogeographic map of the
lower subdivision in the Piz Alv afea and the thin
sediments below the turbidite -in the P;z Mezzaun area.
The map does not include the Hettaﬁgian and Sinemurian
siliceous limestones (untere kieselige Kalke), because
the deposition of these sediments predates the técﬁonic
activities (horst and graben formationj and the
diversification of the facies types. This early tectonic
activity (Figure 18) includes horst structures in the
"diétal" and "proximal" parts of the basin. The seqiment
types aloné the horsts are the same as in the upper
unit (Alv and Fain Formations) but the basinal facies
is different. Thin dark limestones occur with dark
irregularly distributed breccias containing components
which are predominantly from the uppermost paft‘of the
Triassic dolomites, The breccias are interpreted as
short distance slide and slump features. The
sedimentation in the basin was slight and unimportant.

Turbidites are missing because the slopes were not long -
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enough to genefate &hém. Thexe is geological control for
the orientation’' of the middle or main horst. The
orientation of the northern and éouthern horsts (valle

del Monte) is less certain:. they are drawn more or less
parallél to the main horst. Crystalline basement is
eroded in the southwestern part of thé main horst

(Figure 18). The direction of the main shedding of
crystalline components must have been tdwards southwest,
because no such components are found north, south, or east

of this horst.

The upper subdivision of the Piz Alv area has the same age
as the turbidites of the Mezzaun Formation in the piz
Mezzaun area, because they could be correlated with the
turbidites of the northern Piz Alv area, which in turn
can be correlated with dpper subdivision of £he Piz Alv
area (Figures 17, i9). bnly one horst was formed during
the time of the upper subdivision, but can not be seen
because it is south of the Piz Alv area (p.42). Its
orientation is inferred from the distribution of faéies.
The clastic influx from the horst was enormous. The
slope of the horst gfaded northward o&er the older main
horst (Figure 17) and connected with the northward slope

0of the older horst. These slopes were long and steep



enough for the generation and transportation of the

tufbidites into the newly formed basin to the north.

. 1,
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Figure 17 : Palinspastic cross section of the Piz Mezzaun and Piz Alv areas.
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Figure 18: Palinspastic map of the lower subdivision
in the piz Alv,Valle del Monte and Piz Mezzaun areas.
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EXAMPLE OF A MARGINAL CRATONIC BASIN

(a} INTRODUCTION
The Permo Pennsylvanian Pedregosa Basin was investigated

as an example of a marginal cratonic basin.

It occurs in Chihuahua, southwest New Mexico and goutheast
Arizona.. The best ﬁutcroPs of its eastern margin occur

in the Big Hatchet mountains (Hidalgo County, southwestern
New Mexigo). The basic stratigraphy and structure of this
area were worked éut by the late R. Zeller. Basinal
Ksections do not crop oﬁt in the Big Hatchets, but Qere‘
drilled by an‘Exxon well (Hﬁmble no. 1 sState "BA"). The
cuttings and logs were made available by the Bureau of
Mines and Mineral Resources of New Mexico. Core chips
were made available by Exxon Co., Midland Texas. Some of
the sections of the Big Hatchets were measured by C.
Jordan, J. L. Wilson, and J. Tovar. Numerous sections in
the field and detailed studies of the well were made by |

the aunthor.

Special interest was focused on the formation of the

megabreccias as a slope indicator,
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(b) GEOLOGICA# SETTING
The upper Pennsylvanian-Wolfcampian Pedregosa Basin was
mainly in Chihuahua and did not reach far into New Mexico
and Arizona (Figure 21). The directién of the basin axis
is about northwest to southeast. The northern end of the
basin grades into the San Pedro Outer Shelf (C. A. Ross,
1973). This Outer Shelf is flanked on the north side by
the Mogollon Inner Shelf and on the south side by the
Papdago Inner Shelf. Both shelves can be traced southward

vhere they flank the Pedregosa Basin.

Parts of the shelf area were islands with no sedimentation
but erosion of pre-pennsylvanian sediments. The Florida
“Island or High was located northeast from the Big Hatchets
(Figure 21). Northwest of the Florida Island was a large
coﬁplex of Islands: Zuni, Defiance, and Kaibab Highs. The
relationships between these Highs and the Florida Islands
is obscured by the Mesozoic Burro uplift which had more or
‘1eésvthe same position as the late Paleozoic Islands.
Erosion stripped off all pre Mesozoic sediments on £he
Burro uplift. East of the Florida Island was also a
shelf, and farthexr east the Orogrande Basin,aléé bordered

by a shelf area (hDiablo platform) at its eastern side.
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From J.L. Wilson, 1970 and C.F. Jordan, 1971.
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The platforms and basins in southwest New Mexico and
southeastern Arizona have a lineation whose orientation
is northwest-southeast. This lineation might be due to

basement faulting.

The Pedregosa and Orogrande basins grade southward into
the Chihuahua Trough. This trough contains thick sections
of Permian f£lysch. It is, however, not known at present

if this trough was a foredeep of the ouachita-Marathon
Geosyncline or even part 6f this geosyncline. 1In tﬁe
latter case its position is too much north of the
Ouachita-Marathon Géosyncline (Figure 21). This implies
large right lateral strike slip faults. The strike slip
faults would be located at the eastern margin of the
Chihuahua Trough right on the Texas Lineament. L. L.
‘Corbitt and L. A. Woodward {1970) discuss the evidence for
thrusting in southeastern Arizona and southwestern New
Mexico. Studying their Aép shows a northward thrustihg
generally north of the Hatchet Gap and southward
thrustipg south of there. R. Zeller's map (unpublished)
shows the same situation. Wrench faults are characterized
among other things by steep lower parts and flat‘thrust'

like upper parts of the faults (Wilcox, Harding, and
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Seely, .1973). The thrust directions of the upper parts of
the fault are directed away on each 'side from the main
strike slip direction. The geometry on a map would look

like the thrust distribution in the Big Hatchet area.

But‘the lateral movements might also be contemporaneous
with the sedimentation and of Permo-Pennsylvanian age.
This implies a transform fault. The direction of this
trangform fault would be the same as the orientation of

the platforms and basins north of the Chihuahua Troﬁgh.

(c) STRATIGRAPHY

This study deals only wi£h the upper Virgilian and
Wolfcampian part of the Horquilia formation. This
formation was defined by R. Zeller in the Big Hatchet
area. It spans practically the whole pPennsylvanian and
part of lower Permian. The upper contact of the Horguilla
Formation in the Big Hatchet area is @ithin the middie
and upper Wolfcampian (C. Jordan, 1971 ). The top of the
Horguilla Formation became laterally replaéed towards tﬁe
west by the shallow warine and conﬁinental Earp Formation,
whose deposition ends the Pedregosa basin. In the

Chiricuhua Mountains (southeastern Arizona), the top of the
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Horquilla Formation reaches only into the virgilian.

(d) GENERAL CHARACTER OF THE HORQUILLA FORMATION IN-
THE BIG HATCHETS.

The division of the Horquilla Formation into a lower
subdivision (Morrowan ~ middle Desmoinesian.) and an upper
subdivision (middle Desmoinesian ~ middle-upper
Wolfcampian) was made by R. Zeller (1965). The lower
subdivision consists of oolitic and other shallow marine
carbonate deposits; slightly deeper water carbonates
consist of crinoidal and fusulinid rich regularly
stratified limestones, which may contain chert. The
Pedregosé'Basin was not yet developed during the lower
subdivision of the Horquilla Form%tion.

“But the Pedreéosa Basin began to develop during the upper
subdivision. First it developed slowly. Desmoinesian

and Missourian strata do not have many biochermal buildups.
For example, thin bhioherms (30 feet thick) grade basinwards
| into 7 foot thick Syringopora beds indicating.that at this
tiﬁe‘not much of a slope was present. In the 1oweprorrego
section {age: Missourian-Virgilian; locality: Sheridan

Canyon) occur shallow carbonates interbedded with deeper
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water carbonates,.

The real basin with biochermal buildups, at the shelf edge,

breccias on the slope, typical basinal facies (turbidites
and deeper water limestones) and terrigenous clastics
developed during upper Virgilian and lower-middle

Wolfcampian time.

Later, the typical basinal and shelf environments became

L

covered with the shallow marine-continental clastics of

' 1

the upper Wolfcampian Earp Formation.

I

{e} FACIES PATTERN ON THE SHELF EDGE AND UPPER SIOPE

(EXAMPLE: CEMENT TANK CANYON)

(1) Introduction

The following facies definitions. are partly based on a
thesis by C. Jordan and the author's work, but they are

-

mainly based on numerous reports and papers of J.L. Wilson.

The shelf edge could be divided into four environments:
(1) shelf, (2) biohermal mounds, (3)'flanking beds,

(4) slope (Plate 3)
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(a) Shelf ‘

The sediments of the shelf area consist dominantly of open
marine shallow water carbonates with some scattered small
biochermal mounds and few oolitic bars. The matrix is

usually micrite; some dolomitization occurs.

The scattered mounds are of wackestone with platy algae,

Tuberitina, Tetratataxis and some Tubiphytes. Dasycladacean
algae may have grown on the top of the bicherms if the

water was shallow enough (less than 15 feet).

The normal open-marine shelf limestone consists of wacke-
to packstone with the typical open marine faunal elements
like echinoderms, brachiopods and fusulinids. Platy algae
and Tubyphytes are present but in smaller amounts than in
the biocherms. Smaller amounts of tubular forams,

Girvanella, Paleotextularia and Globivalvulina are also

present. Some concentrations of “Osagia" onkoids may
occur in shallow lagoons behind the bichermal buildups.

Tubular forams, Tetrataxis and Tuberitina were usually

attached to platy algae and occur with the latter.

Pelecypods and ostracods are not bound to any specific
N .
environments., The oolitic bars are of grainstone with
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typical shallow water biota such as dasycladacean algaes.

Bedding in the shelf environment is usually well developed,
except for the lensoid mounds.
i1
(b) Biohermal Mounds
The microfacies of the bioherms consists of wackestones

with abundant platy algae; less important are Tubiphytes.

puberitina and Tetrataxis are much more abundant than

Paleotextularia and Globivalvulina because they are

attached to the platyalgae. "Osagia" onkoids and Girvanella

may be present in minor amounts.

The bioherms have a mound like shape and are elongated
along the shelf edge. Théy grew below the wave base. When
the bicherm reached the wave base, fauna and texture
changed. Grainstones with abundant worn and broken
tubular foraminifera mark.this higher energy zone. Also

present are Globivalvulina, Paleotextularia, crinoidal

debris, brachiopods and fusulinids. This grainstone bed
caps the top of the bioherm and is usuwally only a few

feet thick.
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The platy algae which builé up the bioherm could
presumably not live deeper than 120 feet, because of
photosynthetic activity. The bioherms are usually 60-70
feet thick. Wave base must have been at a depth of about
60 feet, because the bioherm quit growing at the Qave
base, but started out at a depth of 120 feet, assuming

a stable sea level after the beginning of the biocherm
growth, It is possible that the platy algaes could live
deeper than 120 fegt. Halimeda, also a green algae, was
found in water as deep as 200 feet. Applying this number
for the platy algaes: the!thickness of the biochermal
buildup would imply that the wave base was at a depth of

130 feet instead of 60 feet.

{c)} Flanking Beds

The bioclastic debris pioduced on top of the mound while
the capping bed is forming gets shed on either side of the
bioherm and builds up'the‘flanking beds. These have
typical foreset bedding. The foreset beds dip basinwards

and sometimes shelfwards.

‘Tubiphytes can be an important constituent, but is never

dominant as in the flénking beds of the lower Wolfcampian
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bioherms in the Kemnitz Field (Wilson, 1974; Malek-Aslani,

1972)., ‘ ! L

The flanking beds are cemented by a clotted microspar
(irregular shaped patches of micrite in a microspar;
‘"structure grumuleuse"’after Cayeux) .

The foresets are well-bedded and have a depositional dip
of 259, Their vertical thickness is usually around 30 to

60 feet. The foresets grade basinwards into the slope

sediment;.

(d) Slope Sediments'

The slope sediments are best described as “deeper water”
carbonates in the sense defined By.J. L. Wilson (1969).

The fauna consists of open marine organisms like fusulinids;
brachiopods and echinoderms. Cementation is by microspar

-

which is occasionally clotted.

The shelfward part of the slopé sediments is strongly
influenced by bioclastic debris sWept'down from the

f£lanking beds.
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(2) Cement Tank Canyon

Cement Tank Canyon is an unofficial geographic name; the

location of the canyon is shown on Figure 20.

This canyon has been chosen for detailed studies, because
the canyon axis ig more or less parallel to the depositional
dip of the paleoslope, and tectonic complications are only
at the canyon head and at the lower end. The south side

:of the canyon wall has good undisturbed outcrops for

about one mile. These aré necesgary to obtain detailed
insight_of the complicated facies pattern dominating the

shelf edge.

" Soft weathering sediments and hard wegthering 1edges-are
interbedded on the south wall of Cement Tank Ccanyon (Plate -
1). The soft weatheriné Qediments are either sandstones
or deeper water carbonates; the hard weathering ledges

are either bioherms, foreset beds or carbonate megabreccias.

One section has been measured up the side of the whole
canyon; two ledges and two soft weathering intervals were

carefully traced and studied in detail (pPlate 1).
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{a) Ledge No.: 1l

A biocherm is at the eastern end of ledge no. 1. The
bioherm changes’%aterally (westward) into foreset beds
(Plate 1,A). Tﬂe latter could be traced westwards. The
top of the foreset beds is flat indicating the wave base.
The bedding thickness varies beétween 1 and 3 feet. The
microfacies of the foreset be&s is well-sorted packstoné
with occasionally clotted microsparry cementation. The
fauna is made up of abundant tubuiar foraminifera and
accessory echinoderms, pellets (worn foraﬁinifera?),

Globivalvulina, and Paleotextularia. Minor amounts of

"Oéagia“.onkoids, bryozoa, ostracods, Tubiphytes, platy

algae occur.

The foreset beds stopped building outwards (westwards). A
small amount of slope sediment (deeper water‘carbonates)
onlaps the last foreset bed .(Plate 1,B). The microfacies
‘of these déeper water limestones.are wackestones and‘
packstones with the following faunal composition:
Wackestones contain fusulinids, brachiopods, and
tubular foraminifera.

Packstones contain abundant sponge spicules and

accessory fusulinids, echinoderms, pellets, small

pelecypods, gastropods, and Tuberitina.
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Above the slope sediments but still on the foreset beds a
later bioherm grew (Plate 1,C). A lateral coarse facies
of the bioherm could be distinguished (D). This coarse
grained facies is time equivalent to the growth of the
bioherm below wave base. The fine grained foreset beds
(Plate 1,E) are time equivalent to the capping bed, i.e.
‘the part of the bioherm which grew into the wave base.
The coarse grained lateral facies of the biocherm is a
mixture between the biohermél facies and the slope
facies. It is less sorted, coarser grained and bioglasts
are less abundant than in the fine grained foreset beds.

The fauna consists of tubular foraminifera, echinoderms,

Tubiphytes, brachiopods, gaieotextularia, "Osagia" onkoids,
and Tuberitina. Minor amounts of Globivalﬁulina and

Paleotextularia occur.

The st0pping of the foreset bedding (o) and the onlap of
the slope sediments (B) on the foreset beds mark a sharp
rise of the sea level and wave base. The deposition of the

s

bicherm (C) is related to a later drop of the sea level.

Above this bicherm (C) is another one. Both of them could

be traced basinwards (Plate 1); they change into foreset
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bedding which is slumped and brecciated (Plate 1,F)..

(b) Ledge No. 3

A biocherm is at'the eastern end (ghelfwards) of ledge no. 3,
This bicherm érades laterally (westwards) into a

breccia which forms the rest of the ledge. Breccia leages
like this one are ver§ comnon on the shelf edge and slope
of the Pedregosa Basin. They always occur in front of

the bicherms. The breccia ledge ﬁo. 3 was traced for

1.3 miles toward the basin where it is cut off by a fault

at the western end of the canyon. The breccia extended

originally further into the basin.

Six detailed sedimentological sections were measured in
‘different places along the ledge. The components Of

this breccia (clasts) have a size between 1/8 inch and

2% feet. No grading, either vertical or horizontal was found.
~Under the microscope it couid be observed that the
components were lithified, half-way lithified oxr soft. Few
of the components are coated and some look like "armored
mud balls." The boundary between the components.and Ehe
matrix is in places styloliﬁic. "In only a few examples

matrix is lacking and all the boundaries between the
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clasts are stylolitic. The components derive from the
shelf, bioherm and slope environments. Dolomitizatiﬁn
has affected mostly the ubbef part of the ledge.

: M U

Burrowing organisms occur sporadically on the surface of

the ledge of breccia.

Tﬁé'strgtigraphic sequence through the bioherm at the
eastern end of the ledge no. 3 offers a clue to the"
event forming the breccia (Plate 1). This section shows
a gréinétone just above the bioherm. Above this grain-
stone are rather shallow marine éeposits: but probably
these formed in water still deep enough to be below wave
base. These deposits éo no£ have.typical biochermal

)

characteristics. Above these sediments is a short section

of breccia.

The bioherm grew into thé'wave bése which led to the
formationh of the grainstone above the biocherm. Then sea
level rose for a short period and slope sediments were
deposited. later sea level dropped and erosion
occurred on the bioherm and the shelf; The

Bugle Ridge section has shallow water sediments,
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grainstones and red stained thin conglomerates (Wilson, oral
comm, } , possiblylindicating erogion on the shelf. Most of
the erosion was probably submarine bhecause no real

subaerial indications were found.

Tidal currents and wave action could have ripped off
previously lithified sediments to form clasts (pPlate 3).
Currents might have transported them with bioclasfs to
deeper water, where they were dréﬁped on the foreset bed.
overloading of the foreset bed (depositional slope 25°)
and the upper slope resulted in a huée slump of tﬂis pile
of submarine rubble which also involved the frontal part
of the bicherm and the beds above the bioherm. Also the
bedded slope sédiments on which these masses were dumped
became involved and slid down. During transpdrtatioﬁ.
the hard and soft rocks became brecciated. The slope
sediments acted partly as‘a matrix'and paftiy became

brecciated.

The clasts in the lower part of the breccia ledge come
from the slope and bioherm; the ones from the upper part
of the ledge from the biocherm and shelf. This is best
explained by slumping of'shelf and bioherm masses onto

the slope sediments.
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(c) Ledges No. 4 and 5 ‘

Ledges 4 and 5 are good examples of the distribution of
the breccias (Plate 1). fThe breccias thin out towards
the bioherm (onlap) and ére underlain by grainstones,
This distribution leads again to the previous conclusion
about the formation of the breccias, that they are caused
by drops of sea level resulting in erosion of the bioherm
top. The sea level drop is also the reason for some

grainstones on top of the breccia ledge no. 3..

{(d) Deeper Water Limestone

The deeper water limestones are in addition to the
sandstones the soft weathering intervals of Cement Tank
Canyon. Three detailed sections were measured between

ledges no. 1 and 2 in the deeper water limestones.

Bed thickness of these alternating limestones, marls and
shales varies between 1 inch and 1 foot. Grading‘and
pérallel laminétion arelobserved; cross bedding is rare,
One bed may contain several intervals of grading. Tﬁe
grading of these intervals is usually incomélete upward,
never reaching the pellitic grainsize. pases of

these graded intervals are usually erésional. The fauna

consists of in place elements such as sponge spicules,
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brachiopods and fusulinids and of £ransportcd elements

like "QOsagia" onkoids, pelecypods, platy algae, tubular

foraminifera, Tuperitina and Tubiphytes. The size of the

bioclasts varies between 5 mm and 0.015 mm. Lithoclasts
are rare; their maximum size is about 4 mm. They were
derived from sedimentg with shallow water facies types
(grainstones).

The sedimentaxry structures, the transported faunas and
the lithoclasts with shallow wate? facies types indicate
transportation by means.of turbidites.

(e) Sandstones';

L ! . i ;

Sandstone is the other lithological type responsible for
the soft weathering intercalations in the section. Only

one sandstone intercalation 6ccurs in this section.

The sandstone body is channel~like because its top and
base are erosional (unconformable) contacts. The erosion
of the ca?bonate beds "on top” of the sandstone channel
is.dué to the fact that the wall of the Cement Tank Canyon
is slightly oblique to the channel axis and the channel
-walls aré steeper than the cement Tank Canyon wal;; The

carbonate beds "on top" are in fact the ones in which
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the sandstone filled channel was eroded. The sandstone
has interbedded silt and shale. The grain size
distribution, sedimentary structures and the environmental
interpretations of the channel will be described in the

chapter about the sheridan Canyon which discusses another

much larger channel.

(f) Summary and Conclusions of the racies Pattern

'on the Shelf Edge and Upper Slope
Plate 1 is a facies cross seétion through the shelf edge
and upper slope in Cement Tank Canyon. The plate is

based on a panorama photograph.

Bioherms, f£lanking beés and deepér water limestones are
the normal facies pattern on the shelf‘edge. The biocherm
formation adjusts to minor seallévei fluctuation and
deposition of them moved up and down the slope. Larger

sea level fluctuations had more drastic influences on

the facies pattefn. Rising sea level results in an onlap
of the slope sediments (deeper water carbonates) on to the
flanking\?eds and biocherms. A dropping sea level results

in the formation of the megabreccias.

-

Special sea level conditions resulting in clastic influx
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will be discussed in the next chapter.

{(d) FACIES PATTERN IN A SHELF EDGE LOCATED EMBAYMENT;

EXAMPLE:¢ SHERIDAN CANYON

The correlation between the Cement Tank Canyon and the
Sheridan Canyon (Plate 2) is based on fusulinids and
lithological c;¥relation. The fusulinids were identified
by G. wilde (Exxon Co., Houston, Tex.). The upper Borrego
section was described by C. Jordan (19715; it has been
slightly revised for this type of work. Also the Bugle
Ridge section, which was measured by J. L. Wilson, has
been incorporated. Threé more sections were measured
in addition in Sheridan Canyon. Breccia ledges, deeper
water carbonates, ete., ﬁere walked out and sampled.
A geological map was constructeds:
The sections could be divided into seven units (A-G):
Unit A. About 30 feet thick, consists of sandstones
and conglomerates with péint bar structures. The
environnent was iﬁterpfeted as a shallow marine meandering
channel. The possibility of a river was excluded, because
no effect of subaerial exposure céuld be found in the |

surrounding carbonates.
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Unit B. About 400 feet thick. Two sections were

measured in this unit (sections no., 2 and 3 in Sheridan
canyon). Section no. 3 (Plate no. 2 and Figure 23)
consists of interlayered bioherms, foreset beds (flanking
beds) and a few deeper water'limestones.' More deeper
water limestones and more and thicker breccias and no
bioherms exist in section no. 2,’indiéating that the
regional paleoslope dips to soutﬁeast. 'The same
paleoslope direction is given by'éhe orientatién of the
bioherms in section no. 3: SW-NE (long axis of bioherms),.
Some of the breccias in section no. 2 have an upper-~
nmost graded layer. The claéthsize in this graded bed
varies between coarse sand and éilt. Breccias with a
graded layer on top are explained as l"c:'!eb.t:is flows" which
generated a turbidite. The turbidités continue further
downslope than the breccias. - This meéhanism can explain
at least some of the turbidites on the slope and the basin.
It is assumed that the breccias with a éraded layer on top
_travelled for a longer distance than the one without-
this layer. If the breccias with é graded layer on
top in sectioﬁ 2 have come from the eastexrn end of the
- embayment, the transportation distance would be about

2 miles. The breccias without the graded layer might
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come from the northern and southern edge of the embayment,
and their travel distance would be only 1 mile,

ggig;g. ' 300 feet. thick. The unit consists of
well-bedded, dark deeper water limestones. These are
graded and may have up to 15% of quaftz silt. Parallel
_lamination is common, in contrast to the fare cross
bedding. Some of the beds are extremely burrowed. The'
cementation is microspar which is occasionally clotted;
dolomite rhombs are rare. |

A breccia with a graded layer on top occurs in the
middle part of the unit. The breccia could be t¥aced
éastwards into the equivalent bioherm; The embayment edge
therefore lay east of section no. 2 (Figure 23).

The upper part of the unit contains additional deeper
water limestones, which are éoarser than the ones from the

lower part of this unit. Beds with oriented fusulinids

and rich in crinoidal debris are common here.
Unit D. This unit contains terrigenous sandstones and

siltstones with the same sedimentary structures as the

sandstones in the channel of Cement Tank Canyon. The
bedding is 1-2 inches thick. Each bed contains either
cross bedding or parallel lamination. Seldom do both
structures occur in one bed; in the rare cases in which
they do, the parallel lamination is always lower and the

cross bedding lies above. This combination of sedimentary
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structures is similar to those in modern delta front or
prodelta environments.¥ |

The.shape of the sand body is that of a channel
(Plate 2 and Figure 23). The channel ié eroded.into unit
¢ and partly into unit B.

Unit E. This unit is a bioﬁerm. The orientation of

the biocherm is E-W (Figure 23).

nit F. This unit (Figure 24} isa.terrigénous clastic

- .

section, like unit D, Theﬁnitwedgesouttowardstheshelf;the
baée is not eroded. Thé fine grained texture (siltstone
and shales) and the geometry indicates that the channels
funneling the clastics for this unit were someplace else
on the shelf edge and not in the Sheridan Canyon area.

nit G. This unit (Figure 24) is also a bicherm.

o]

The orientation is N~S (Figure 23).

(1) Conclusions Concerning thé Facies Pattern in the

Shelf Edge Embayment-at Sheridan Canyon

The rock types and the formation of the breccias are the
same as on a normal shelf edge (Cement Tank Canyon). The
influx from the breccias was from all three sides of the

* Oral communication by €. Campbell, Esso Production
Research (o., Houston, Texas,

. ]
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embaynent, because the embasviment was surrounded by
biocherms. Owing to the location of the measured sections
one may observe some breccias wihilch traveled farther down-
slope than in the Cément Tank Canyon. These more distal

breccias have a graded layver on top of them.

Sheridan Canyon also gives & clue te the understanding of
the terrigenous clastics. In times of relative low sea
level stand the clastics had time enough to bypass the

shelf in shallow water channele (unit A); only a coarse lag
deposit stayed behind on the shelf. Channels were eroded

at the shelf edge and bescame pathways for the clastic

influx which funneled down thé slope and was shed into the
basin {(unit D in Sheridan Canyon and the sandstone body in
Cement Tank Canycn) . The c¢lastics in the basin are described
in the following chapter concerning the well, "Exxon no. 1
N. M., "BA." fThe influx of terrigenous clastics occurred
only during low stands of sea level, as did the formation of
the breécias. Theoretically one should find carbonate
breccias just below the sandstones. However, the sandstones
never crossad the shelf during times when biocherms were at
the shelf edge, but always after times of deeper water
deposition on the shelf edge {onlap of slope sediments on
bioherms and flanking beds). The evidence bearing on this
is limited to a small number of examples of clastic influx

F)

observed on the shelf edge.
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The timespan of low sea level which 1led to the fofmation
Oof the carbonate breccias was never long enough for the
Cclastics to cross the shelf. The clastic sediments
probably derived from the Burro-Florida uplift lying east
of the Big Hatchets. However, only one example of lag
deposits on the shelf was observed (unit A plate 2). No
Other lag deposits were observed in all the other sections.
Three possibilities seem to explein this:

(1) Strike slip faults offset the shelf from the shelfedge
{see p. 84).

(2) The sections on the shelf failed to cross a clastic
deposit because of the scarcity of sections and the
stringlike configuration of clastic deposits. '

(3} The. clastic influx may have come from a northerly

a

direction instead of easterly.

The last explanation seems to be the most logical one
because the canyon in the Sheridan embayment (unit D, and
arrow, plate 2) has a northerly direction. Small channels
{unit A, plate 2) might also have had a northerly direction
originaliy but turned at the shelf edge to flow parallel

to the dip of the. slope.

Figure 23 shows the paleogeography and filling of the
Sheridan- embayment. The embayment is a preferred location

for the clastics to cross the shelf edge and slope (units D,A).
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The filling of the embayment by clastics as well ag by
Carbonates results in a swing of the bicherm corientation
from the different directions along the embayment edges back

to the regional direction (Figure 23).
{2) BASINAL FACIES (EX¥ON NO. 1 NEW MEXICO STATE "BA"Y)

In 1958 Exxon Co. (then Hﬂﬁile 0il and Refining Co.)
drilled a wildcat well about 7 miles southwest from
Sheridan Canyon (plate 2). Electric logs and cuttings
were made availabkle by the Burxeau of Mines and Mineral
Resources of New Mexico. In addition, core chips were
provided by Exxon Co. {(Midland). The well penetrated
the whole Horquilla Formation. Detailed petrographic
studies were executed between 7250 and 9000 feet. The
well was correlated with +the measured sections of the

Big Hatchet area with fusulinids (determined by Garner

Wilde) and with lithological units (plate 2).

Detailed petrographic studies reveal that there are
carbonate turbidites containing fragments of shallow water
facies types (grainstonesg) as well as thick intervals df
terrigenous clastics such as silt, very fine sandstones

and shales,

(£) CONCLUSIONS AND INTERPRETATIONS OF THE MARGINAL

CRATONIC BASIN (PEDREGOSA BASIN)



The geographic position of the shelf edge is defined by
the position and orientation of the bicherms and their

flanking beds.

‘Typical slope indicators are the carbonate breccias
which extended at least for 2 miles into the basin at
Sheridan and Cement Tank canyons. Their distal portions
have graded layers at their tops. The most interesting
phenomena on the slope are the erosive channels which
are backfilled with sandstones and silts having delta
front type structures. In c¢ontrast, the basin contains
thin units of carbonate turbidites and thick units of

i Cd i shales, silts, an ine sandst .
terrigenous clastics like shales, 1ts, d £ dstone

The normal facies pattern consigsts of a biocherm at tﬁé
shelf edge, foreset beds (flanking beds) basinwards and
in places shelfwards of the bicherms and deeper water
sediments on the slope and basin (plate 3). When sea
level'fose, the deeper water sediments lapped onto the
flanking beds and the bicherm. As sea level dropped, the
carbonaté breccias formed. When sea level remained low
for some tiﬁe, terrigenous clastics had time to cross the
shelf and erode the channels as they were shed into the
basin. When sea level began te rise again or when the
basin was about to become filled, the channels filled up

backwards with sand and silt having delta front structures.
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In summary, minor sea level fluctuaticons resulted in
shifting of the bioherm and flanking bed éomplex up and
down the slope for a distance of at léast one mile.

Major sea level fluétuations resulted in:

(1} formation of the carbonate breccias during short
Periods of low sea level stands;

(2) deposition of terrigenous clastics during long periocds
Of low sea level stand;

(3) onlap of the slope sediments onto the bioherm and

flanking beds during rise of sea level.

The deposition of clastics and carbonates was always
separate and occurred at distinct time intervals. The
carbonate sedimentatién is characterized by thick seqi—
mentation on the shelf and shelf edge and thin sedimentation
in the basin. The geometry of the clastic sedimentation is
reversed: thick in the basiﬂ and thin or absent on the
shelf {(plate 4); i.e., the Basin deepened and developed

during carbonate sedimentation and filled up during the

clastic sedimentation.

Subsidence in the basin had to exceed subsidence on the
Shelf: Periods of clastic deposition completely filled the
basin and at the end of such a time little relief existed
between the shelf and basin. During subsequent carbonate

sedimentation, deeper water sediments (dark shale and



limestone} consistently depcsited in the basin and shallow
water sediments on the shelf. This persistent facies
pattern was controlled by subsidence which was stronger in
the basin. Subsidenﬁe prevailed also during ferrigenous
clastic periodé but the sedimentation rate exceeded

subsidence and the basin filled.
RESERVOIR ROCKS

(1) Pedregosa Basin

There are three obvious possibilities for resexvoir rocks:

(a) Channeled sandstones on the siope

Probably the best reservoir rocks in the Horguilla Formation
are the channels with the terrigenous clastics on the slope.
The channels are filled with fine sandstones; sometimes the
sandstones grade into silt in the upper part of the channel.
The channels are eroded into deeper water limestones which
do not have any porosity in the Big Hatchet area. The
channels are covered by the next depositional sequence
which is a bioherm-flanking bed complex with scattered
carbonate breccias. None of these rock types has any
porosity except for the bicherms (see next paragraph). If

the biocherms have porosity the reservoir will be expanded.

The channel pinches out on the shelf edge or grades into a

thin string of coarse lag deposits with point bar structures.



Due to the slowly rising sez level the channels filled in
backwards (i.e., from the kasin to the shelf). The
baginal section in the Euxon well has relatively few
sandstones. It is, therefore, assumed that during the
deposition of the terrigenous clastics during low sea
level stand, a cone of sandstone formed at the distal end
of the channel, at the foot of the slope, and did not

extend far into the basin.

The two channels observed on the slope are 50 to 400 feet

thick, at least a mile wide, and several miles long.

Similar reservoir types occur in the Midland and Delaware
Basin. -The channels are potentially good reservoirs

-

(Galloway and Brown, 1973).

(b) Leached Bioheims

The porosity in bicherms is due to sﬁbaerial exposure of
the bioherms-— leaching and collapse brecciation at an
early stage in their history. This type of reservoir

rock exists in the Ismay Field (Colorado, Utah). The
bioherms in the Big Hatchets area are well cemented; if
original or secondary porosity was present, it has been
cemented, probably during Tertiary uplift by phreatic
watexr. Porosity due to leaching could have been preserved

elsewhere along the Pedregosa shelf edge in the subsurface.
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(c} Tubiphytes Flanking Beds
The porosity in these flanking beds is due to internal

openings in the Tubiphytes. The Kemnitz oil field has -

this type of porosity (Malek-Aslani, 1970). Tubiphytes

beds are not common in the Horguilla Formation in the

Big Hatchets area, except for unit G.

(2) Piz Alv— Piz Mezzaun Area

Pogsible oil reservoirs could occur in similar rock
seguences, but only in less deformed areas. Possible
raegervoir rocks are:

{a) Fractured radiolarian chert.

{b) Leached breccias and horsts. Subaerial leaching

was observed in the breccias of the Alv Formation and is,

of course, cbvious in the horsts. However, all leacﬁed
cracks were cemented early (vadose and submarine cementation;
see p. 15) in this region.

(c)} Turbidites. A possible reservoir rock could be

a series of coarse grained and matrix-poor turbidite
wedges at the base of the slope where only rare pelagic
sedimentétion occurs.

Source rocks for all reservoirs would be the shale
in the distal parts of the basin or the shales in the

upper part of the stratigraphic section.
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COMPARISON BETWEEN THE MARGINAL CRATONIC BASIN

AND THE MARGINAL GEOSYNCLIHAL BASIN

The marginal cratonic and marginal geosynclinal basins
are compared {(or contrasted) in terms of parameters
which control sedimentation. These parameters are:

(1) Megatectonic enviromment which controls

geomorphology and rate of subsidence.

(2} Climate.

{(3) Sea level and ité fluctuations.
Sedimentation patterns are considered as follows:

(1) Basin geometry.

(2) Sedimentation and f£filling of the basins 7

(3) Geometry of the facies types.
A comparison between the two basin types is demonstrated
in Table I. Differences in similar rock types are
added in a special table (Table II}. These differences
between similar rock types, as well as the general
differences mentioned in this chapter; are important
to distinguish these two basin types when working with

only limited subsurface samples.
(a} MEGATECTONIC ENVIRONMENT

(1) Piz Mezzaun-Piz Alv Area (Lower East Alpine Nappe)
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Figure 25 : Flow diagramm showing influence of the megatectonic environment,
climate and sea level on sedimentation,
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The north Atlantic opened first in early Jurassic time
(Pitman and Talwani, 1972), and this opening resulted
in divergent, left, lateral wrench faulting between
Europe and Africa. The wrench faults passed either
through the future Western Alps or south of Italy
(Hsu, 1972). The latter case would involve a rotation
of Italy which wou;d result in secondary divergent

wrenching in the Western Alps.

Divergent wrench faults have a component of extension
which ig similar to pull-apart structures. This
extensional component moves apart the two sides of the
fault, and this produces a tension, which in turn results
in normal faulting. A recent example of a pull-apart
structure is the Red Sea, which has been described by

J. B. Lowell and G. J. Genik (1872). They show normal
faults and horst and graben structures at the newly
formed continental edges and the formation of oceanic

crust in the “"graben" of the Red Sea.

Wide spread shallow water carbonate deposition on
continental crust persisted during the Triassic in
southeastern Switzerland. During early Jurassic time
geosynclinal conditions began to "form". Pigure 1 is a
late Jurassic~early Cretaceous paleogeographic recon-

struction. One continental block is present to the
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north (Helvetic realm), one to the south (East Alpine
and South Alpine Realmsg) and a small continental block
is in the middle (Brianconnais). These three blocks
rifted apart during the Jurassic and formed "grabens"
(geosynclinal basins) between them. The block
boundaries are characterized by normal faults. It is
conmonly believed that all newly formed continental

edges are characterized by norxrmal faults.

The conclusions of Talwani and Pitman, the facies
development in the Lower East Alpine realm over plat-
forms as horsts and basins as grabens, and the synsed-
imentary structures, i.e. normal faults, separating the
two, suggests that the Jurassic tectonics in the
Western Alps can best be described as a pull-apart
structure related to the opening of the Atlantic, It is
not yet possible to demonstrate whether or not lateral

displacement is present in the western Alps.

The basin of the Piz Mezzaun-Piz Alv area is on the

edge of the southern continental block (East Alpine

and South Alpine realm). The basin can be termed either
a marginal geosynclinal basin or a basin marginal to a

pull-apart structure.

The Jurassic sediments in the Pig Alv-Piz Mezzaun area
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are related only to the tensional phase and not to the
later compressional phase which lead to the Alpine

Orogeny.

(2) Pedregosa Basin

The Pedregosa Basin is a marginal cratonic basin. The
entire basin is still on continental crust and connects

to the problematic Chih@%éua frough to the south. This
trough is a foredeep of the Ouachita Marathon geosyncline
or even the external part of it. In the latter case it
might be offset laterally to the northwest eithexr by

post Paleozoic wrench faults or by late Paleozoic transform
faults (FPigure 21). The Pedregosa Basin, as well as the
other basins and platforms in this area, are approxi@ately
parallel to each other but oblique to the Ouachita Marathon
trend. The parallelism might be due to basement faulting
and perhaps to possible late Paleozoic transforﬁ faults,

which had a subparallel orientation.

(b) SYNSEDIMENTARY TECTONISH

There might have been basement faulting in the Pedregosa
Basin which, however, did not offset younger sediments
(see last chapter) although it controlled rate of -
subsidence and types of sediments deposited. The Piz
Alv area is characterized by active normal faulting

during sedimentation; it is possible that strike slip
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faults also existed, but these are no longer recognizable
in the field. Vertical offset on some of those faults
must have exceeded.lSOO feet. There was also a rapid

up and down movement:of éome horstes: one of them was
eroded to the crystalline basement and overlain by
turbidites, with no intermediate facies. The Alpine

basin, regionally an area of almost geosyolinal subsidence,

displays clearly stronger tectonic activity.

(c} CLIMATE

The climate in the region of the Piz-Alv-Piz Mezzaun Basin
was semi-arid with seasonal rains. An indication of
aridity is the red colored (oxydized) dolomitic matrix of
the subserial breccia (Alv Formation). Vadose leaching
and cementation are evidence for seasonal rain fall. ‘The

~Liassic equatorial belt trends through southernmost Europe

and Morocco.

The climate in the Big Hatchet Mountains was similar:
Evaporites in the Earp Formation indicate éridity.
Caliche crusts (vadose cementation) were discovered by

P. Winchester (oral communication)in Wolfcampian beds of
the Sacramento Mountains (southeast New Mexico). The
climate in the southern part of the United States changed

during the depositional time of the Horguilla Formation.
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Pennsylvanian time is characterized by a warm and humid
climate, but Upper Wolfcampian by an arid climate. The
climate during the intervening late Virgilian and early
Wolfcampian time was in general probably simi—arid with

gseasonal rains.

{d} SEA LEVEL AND ITS FLUCTUATIONS
Sea level fluctuations are an important parameter in the
sedimentation of the Pedregosa Basin:
(1) Minor fluctuations produce shiftin% of facies
types up and down the slope.
(2) Major fluctuations cause formation of breccias,
onlap of deeper water carbonates ontc the shelf
.edge and depcsition of the clastics in the basin.
Sea level fluctuvations were not an important feature in
the Piz-Alv—Piz Mezzaun Basin. Only the breccia of the
Alv Formation might suggest sea level fliuctuation
(Leaching in the vadose zone; cementation in the phreatic

zone) , but this effect is probably due mainly to vertical

tectonic fluctuations.

Evidence of sea level fluctuations may well be obscured
by uplift and subsidence in a basin with active tectonism.
Shelves which might be affected by sea level changes are
narrow and inconspicuous. Sedimentation generally occurs

in basin, subsiding so rapidly and with water so deep that
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eustatic sea level changes did not affect sedimentation

very much,

The uppermost Triassic deposits were shallow but open
marine sediments. The Piz-Alv— Pliz Mezzaun Basin formed
by tension which resulted in graben structures (p. 117).
The horsts should still have shallow marine sediments on
top of them. However, mar; of them reached above sea
level. A drastic down drop of sea level simultaneous

with the forming grabens is responsible for this subaerial

exposure of the horsts.

(e) BASIN GEOMETRY
As mentioned above, the shape of the Pedregosa Basin is

elongate, moxre or less parallel to the other marginal

basins, but obligque to the Ouaqhita Marathon geosyncline.

" In the Alps, the zone of Jurassic tectonism was parallel

to the Alpine trend.

(£) SEDIMENTATION AND FILLING OF THE BASIN

The Pedregcsa Basin is charactérized hy a reciprocal
gedimentation of clastics and carbonates. Carbonates
build up thick seguences oﬁ the shelf, at the shelf edge
(bioherms) and thin sequences in the basin (deeper

water carbonates, turbidites). The difference in

elevation between the basin and the shelf was probably



near 400 feet when carbonate sedimentation cecased.

The clastic deposition, which alwayvs alternated with
carbonate deposition, is characterized by very thin or

no deposits on the shelf and thick deposits in the basin.
The terrigenous clastics filled the basin, and no topo-
graphic difference existed between the sﬁelf and the
basin after clastic deposition and before the next
carbonate deposits were laid down. The water depth after
the carbonate deposition was approximately 500 feet in
the basin, i.e. the approximate thicknese of intervening
terrigenous units between the limestones. During
transgressions when deeper water carbonates were deposited
on the shelf the water was of course deeper. Tidal flat
sediments (Earp Formation) lie above the basinal sediments

of the Pedregosa Basin.

The process of reciprocal sedimentation d4id not occur in
the Piz-Alv-Piz Mezzaun basin. Deposition of all facies
types occurred simultaneously. But the sequence is
characterized by a general deepening of the sea and
decreasing influx of detritus. This is reflected in the
sediments by a wvertical change from turbidites into

radiolarian cherts.

The water dapth of radiolarian chert is assumed to be

approximately 12,000 feet for recent conditions, but was



probably much less in Jurassic tima. A thin layver of
Cretaceous sediments {deap sea marls; Couchcs Rougas
Formation) overlies the radiolarian chert. iUpper
Cretacecus (?)— Lower Tertiary Flysch deposits lie

above the Couches Rouges in the Piz Alv-Piz Mezzaun basin.
These Flysch deposits belong to another tectonic phase
(compressionsl phase and not tensional rifting) of the

Alps.

The two basins differ significantly in their sedimentary
history. The Pedregosa Basin became filled several

times during its existence (always at the end of a period
of clastic sedimentation); it also became completely
filled at the end of its existence and it is overlain by
continental sediments, documenting that in Middle Wolf-
campian time the basin had filled up and that subsidence

had almost ceased.

The Piz Alv-Piz Mezzaun basin on the other hand became
continuously deeper and never filled up, and the
turbidites grade ugpward into radiolarian chert.

(g} GEOMETRY OF THE FACIES TYPES

(1) Pedregosa Basin

The shelf edge 1s characterized by bicherms (about 70 feet



thick, 100 feet wide). The shape of the bioherms is
generzlly that of a bread loaf, with the long axis
parallel Lo the shelf edg=z. In front of the bicherms are
flanking beds with depositional surface dips of about

25°. These have the same thickness as the bioherms and
extend for about 1000 feet basinwards. The breccias,
which are also in front of the bioherms, are about 30 feet
thick and extend for at least 2 miles into the basin. The
lateral extension of the breccias is unknoﬁn because of
lack of contrcl, but is probably in the order of % to %
mile. The bioherms and the related faciles types are

seen to be stacked upon each other vertically. Bioherms
can migrate basinward due to outbuilding of sediments or
due to lowering of sea level (true regression). Bioherms
might' also migrate up dip during small transgressions.
Larger transgressions are characterized by deposition of
deeper water sediments on thé slope and shelf edge and a
lack of bioherms. Sand occurs in thin string-like
deposits on the'shelf, in channels (50-400 feet deep and

1 mile wide) on the slope and in cone-=like buildups at
the foot of the slope. Silt and shale are the predominant

particle size filling the basin.

(2) Piz Alv-Piz Mezzaun Basin

The breccias of the Alv Pormation built cones along the
horsts boundaries. The lower part of the cones extended

into the marine environment. The breccia of the Fain



125

Formation (which is the marine equivalent of the Alv
Formation} has a more sheet-like form. The turbidites
are &also sheet-like., Submarine fans of the "Californian”
type are missing, because no point source is present.
Sources are scattered all aloﬂg the continental edge

{horsts).

{h} CONCLUSIONS

Three factors control the depositional history of basins:
I. Megatectonic environment

II. Climate

IIXIT. Heights of sea‘level

The flow diagram of Figure 25 explains how the three
factors. control sedimentation (facies types and their

distribution). Morphology is sometimes modified by

sedimentation as, for example, in the case of reef growth.

The difference of the depositional history of the two
basins in this feport is a result énly of the different
megatectonic environmen£ and the height of sea level and
its fluctuations. The climatic factor is eliminated

because the climate was the same in both regions.

This thesis hopefully describes the rules applicable to
understanding and predicting sedimentation in different
basins by var&ing the three factors. An example might

illustrate this: The megatectonic environment of the

present Red Sea is the same as in the Piz Alv-Piz Mezzaun
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area, but the difference is negligible. Bowever, the
height of sea level was drastically different: The
opening of the Red Sea was "dry". Either the Red Sea
trough was considerably above sea levelror the trough
was ?artly blocked off from the seas. The basin of the
Piz Alv— Piz Mezzaun region opened "wet"; with the
exception of some horsts the newly formed basin was under
water. In this comparison megatectonic and climatic
factors aré the same; only the sea level factor was
different. But the differences in this single control
had a strong influence on the sedimentation: Turbidites,
submarine breccias and some few subaérial breccias
characterize the "wet" Piz .Alv-- Piz Mezzaun Basin.
Evaporites, continental clastics with some few marine
incursions characterize the "dry" Red Sea Basin. The
modern Red Sea rift is now partly open to the sea and

filled with water.



GENERAL COMPARISON (Table I)

Big Hatchet Mts. (New Mexico) Piz Alv-Piz Mezzaun Area (SE Switzerland)

Basin Pedregosa Basin (permo- Southern margin of Piemontais
Pennsylvanian) Geosyncline (Jurassic)

Megatectonic Marginal cratonic basin Marginal geosynclinal basin

environment

Synsedimentary Basement faults (?), no Active normal faults (parallel to the

tectonism- offset of Permo-~-Pennsyl- basin and geosyncline)

vanian sediments (parallel
to Pedregosa Basin, but
oblique to the Ouachita-

Marathon orogenic trend)

Climate Semi-arid, seasonal rainfall Semi-arid, seasonal rainfall
Sea level and its Major influence on sedimen- Minor infiunence
fluctuations tation: shifting of facies.

Formation of breccias.

Sedimentation of clastics.




Table I, cont'd

Big Hatchet Mts.

Piz Alv~-Piz Mezzaun Ares

Basin geometry

Marginal cratonic basins in this
area are parallel to each other,
bat obligque to the Ouachita-

Marathon trend.

Basin is probably parallel to
geosyncline and Alpine treand.

Lateral extent of basin is unknown.

Sedimentation
and f£illing of

the basins

Thick carbonates on the shelf and
shelf edge, éhin carbonates in
the basin. Clastics are absent or
sparse on the shelf and thick in
the basin. Basin formed .during
carbonate deposition, but filled up
during clastic deposition. On top
of the basin: near-shore

continental sediments.

One seguence of sadimentation. Basin
never f£illed up. On top: deep

radiolarian chert.




TABLE XY, cont'd

4

Big Hatchet Mts. ¢ Piz Alv-Piz Mezzaun Area
Geometry of Bioherms (70 £t thick, — 100 £t The subaerial breccia occur in cones
facies types wide, and probably several hundred or strings along the horsts,

feet long). Flanking beds have Submarine breccia occur in bands

same thickness as bioherms, extend adiacent to the subaerial breccila.
about 1000-£ft basinward. The turbidites are sheet~iike.
Breccias (30 ft thick) extend for
at least 2 miles basinward; lateral
extension. ¥ to % mile. Sandstone
channels on the shelf are 50-400
feet thick, 1 mile wide, several
miles long. Sandstone on shelf is | _

in stringlike meandering belts,




SIMILAR ROCK TYPES (Tabie II)

Marginal Cratonic Basin
(Pedregosa. Basin, N.M.)

Marginal Geosynclinal Basin

(Piz Alv-Piz Mezzaun Area, Switzerland

Breccias Submarine sliump breccias. Marine. Subaerial breccias: vadose and
' fauna intermixed. submarine leaching and cementation.
Components: contemporaneous with Submarine breccias are bedded, are of
formation of breccia. Size: sand only a %ﬁw components; marine fauna.
i
to several feet across; components o
are hard or soft,
Components: older than formation of
breccia. Size: sand to megablock
size (1200 £t long).
Turbidites Bouma's "c¢" and "d" intervals. Bouma's "a" and "b" interwvals. Clasts

Clasts derive from contemporaneous
sediments; contemporaneous fossil

debris. Bedding abou% 1 inch.

derive from older formations; conbem-—
poraneous fossii debris. Bedding 1 foot
and thicker. Sandstone turbidites:
delta front structures in channels on

the slope (grain-size; fine sandstone}.

5ilt and very fine saund deminate In

the basin.
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On the vertical axis are the interval types;

on the horizontal axis is the thickness of the interval,
As example:

1, Interval of type A, 1 m thick,

2. Interval of type B, 0.8 m thick.

Upwards in the section is from left to right in
each row. The highest row starts at the base of
the secticon {or unzit);the lowest row ends with

the top of the section {or unit).
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FACIES DISTRIBUTION OF THE SHELF EDGE,
CEMENT TANK CANYON.

(UPPER VIRGILIAN-LOWER WOLFCAMPIAN)
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FORMATION OF BRECCIA LEDGES FLATE 3
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PLATE 4

Sheridan Canyon
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OPEN FILE REPORT 72
PLATE A

PLATE A

2 km

SAMEDAN
&

ONE

EE Sediméntary zones of
Bernina nappe:
l: Piz Alv
2: Monte Garone - Valle del Monte
3: Gessi
4: Plaun da Staz
5: Piz Mezzaun
6: Bugliaun

A: Bernina nappe (crystalline core)
B: Stretta fold (crystalline of Bernina nappe)
C: Languard nappe

D: Seja slice (Languard nappe)
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PLATE B

GEOLOGICAL MAP OF THE PIZ ALV AREA.

Mezzaun Formation

Fain Formation

Alv Formation

Triassic formations

Alpine faults
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Jurassic faults
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Stratigraphic sections

Crystalline basement of the Languard nappe

Crystalline of the

Bernina nappe

100 m

PLATE B

(stretta)

u ﬁ "Iiﬁiimgmm.

————

Crystalline
of Bernina

nappe
(Stretta)



OPEN FILE REPORT 72

PIATE C

GEQLOGICAL MAP OF THE PIZ MEZZAUN AREA,.

Scale 1 : 25 000
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Tectonic slice of Il Corn: Mezzaun Formation
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Alv Formation,

Tectonic slice of Medras: Radiolarian chert above
Mezzaun Formation,

Tectonic slice of Stevel: Mezzaun Formation
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Tectonic slice of Chamues-ch: Mezzaun Formation
"Steinsberg Lias"

Triassic formations,

Crystalline of the Bernina nappe
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MEASURED SECTION OF THE MEZZAUN FORMATION (TECTONIC SLICE OF STEVEL)
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MEASURED SECTION OF THE MEZZAUN FORMATION

(TECTONIC SLICE OF MEDRAS)
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MEASURED SECTION OF THE MEZZAUN FORMATION (TECTONIC SLICE OF MEDRAS)
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MEASURED SECTION OF THE MEZZAUN FORMATION (TECTONIC SLICE OF MEDRAS)
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MEASURED SECTION OF THE MEZZAUN FORMATION

(TECTONIC SLICE OF MEDRAS)
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PLATE D - 6

Measured section of the Mezzaun formstion (Lower tectonic slice of Piz Mezzaun)
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