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ABSTRACT

Italian Trap Allochthon is a rare upper-plate exposure of 

Paleozoic metasedimentary and Precambrian to Tertiary crystalline 

tectonites in the Santa Catalina-Rincon metamorphic core complex. 

Elsewhere in the complex, metasedimentary tectonite is usually 

restricted to an autochthononous position.

The internal structures of the allochthon consist of numerous 

low-angle faults, tear faults, and overturned asymmetric and upright 

folds. Close association of the low-angle faults and asymmetric folds, 

and vergence of the folds, indicates that these folds were formed 

during westward transport along the low-angle faults. The structures 

of the allochthon are truncated and rotated to the northeast by a lis- 

tric(?) normal fault. The probable shape of the fault surface, togeth

er with the northeastward rotation of the internal structures, suggests 

translation of the allochthon from the northeast to the southwest.

The fact that metasedimentary tectonites are found in upper- 

plate position indicates that the listric (?) normal faulting post-dates 

the metamorphism of the Paleozoic and Mesozoic strata. Metamorphism 

in turn was part of the development of the Santa Catalina-Rincon meta

morphic core complex. It is inferred that the Italian Trap Allochthon 

was emplaced in the final stages of profound regional extension which 

prevailed during the mid-Tertiary in southern Arizona.

viii



INTRODUCTION

Purpose

Italian Trap Allochthon, located in Redington Pass between the 

Rincon and Santa Catalina Mountains of southeastern Arizona, contains 

an assemblage of metasedimentary and metacrystalline rock slices whose 

upper-plate position is anomalous with respect to most metamorphic core 

complexes. The structures and fabrics of this assemblage hold evidence 

of a complex geologic history which gives insight into some of the 

tectonic processes that created the Santa Catalina-Rincon metamorphic 

core complex. The most significant of these structures are the low- 
angle faults within the allochthon and the curviplanar decollement that 

separates the allochthon from the underlying autochthonous and variably 
tectonized crystalline terrane.

The main objectives of this research were to explain the pres

ence of Italian Trap Allochthon and to interpret the kinematic evolu

tion of its unusual stacking of fault slices. These objectives were 

achieved by establishing directions of fault transport, determining 

temporal constraints of faulting, and understanding the mechanical con

ditions under which the rocks were deformed. Indicators of transport 

direction include asymmetric folds within the metasedimentary section, 

the types, shapes, and orientations of faults, and the general orien

tation of compositional layering within the allochthon. Constraints on 

timing of the fault motions were determined from cross cutting
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2
relationships between different fault sets and between faults and rock 

bodies of known age. The mechanical conditions of deformation are 
disclosed by the metamorphic grade and the nature of deformation 

within the rocks.

Location of Area

Italian Trap Allochthon is located in the center of Redington 

Pass approximately 38 kilometers east-northeast of Tucson, Arizona.

The area is almost due north of Mica Mountain in the Rincon Mountains, 

and southeast of the Santa Catalina Mountains (Fig. 1). Access to the 

area of study is via Redington Road and an unmaintained jeep trail.

The mapped area includes portions of unsurveyed sections 22, 23, 24, 

25, 26, and 27, T. 13 S., R. 17 E. The allochthon can be seen from 
Redington Road as a hill in an area of otherwise low relief (Fig. 2).

Previous Work

Little previous geologic work has been done in the specific 

area undertaken in this project. Moore and others (1941) mapped the 
Tucson Quadrangle, including the Redington Pass area. They mapped the 

metasedimentary rocks as Carboniferous Naco Group. Creasey and 

Theodore (1975) mapped the Italian Trap area in reconnaissance fashion 

as part of the preliminary geologic map of the Bellota Ranch quad

rangle. They mapped portions of the decollement, several faults in 

the interior of the metasedimentary assemblage, and a high-angle fault 

in the basement terrane to the southeast of the allochthon. Creasey 

and Theodore were the first to recognize that some of the basement
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Figure 2. View of Italian Trap Allochthon from 
Redington Road; Looking South



5
terrane gneisses were derived from Precambrian Oracle Granite.

Thorman and Drewes (1978) assessed the economic mineral potential of 

a proposed Rincon wilderness area which includes the Italian Trap lo

cale. Their map provided valuable aid in identifying the protoliths 

of the metamorphosed sedimentary rocks and in outlining the major 
structures of the area.

Other research that is relevant to Italian Trap Allochthon has 
been conducted in and around the Santa Catalina-Rincon complex. The 

works of Bryant (1955), Layton (1957), McKenna (1966), and Schloderer 
(1974) were helpful in providing descriptions and measured sections of 

the Paleozoic rocks in nearby areas. Chew (1952, 1962) and Clay 

(1970) present valuable information regarding the Tertiary sedimentary 

and volcanic rocks found in the area. Structural studies by Pashley 

(1966), Broderick (1967), Davis (1973, 1975, 1977a, 1977b, 1980, 1981), 

Davis and Coney (1979), Davis and Frost (1976), Davis, Ellipulos and 

others (1974), Davis, Anderson, and others (1975), Liming (1974), 

Schloderer (1974), Banks (1976), and Frost (1977) have been a great 
aid in understanding the geologic framework of the Santa Catalina- 

Rincon complex. Excellent mapping of the adjacent Happy Valley and 

Rincon Valley Quadrangles by Drewes (1975, 1977), his articles (1973, 

1976) and Drewes and Thorman (1978), and Drewes* recent Tectonic Map 

of Southeastern Arizona (1980) led to my deeper understanding of the 

complex geologic history of the region. Keith and others (1980) pro

vide a valuable summary of the intrusive history of the Santa Catalina- 

Rincon metamorphic core complex.



GEOLOGY OF ITALIAN

TRAP ALLOCHTHON 

Major Structural Components

Italian Trap Allochthon is comprised of two quite different 
structural terranes separated by a low angle fault, referred to here

after as the detachment fault (Fig. 3). Below the detachment fault 

in the basement terrane are found crystalline rocks ranging from mylo- 

nitic gneiss to non-tectonite granitic rocks. The oldest of these 

crystalline rocks is probably the Oracle Granite (Creasy and Theodore, 

1975), U-Pb dated as 1440 m.y. (Shakel, Silver, and Damon, 1977). The 
youngest rock in the autochthon is a garnet-muscovite granite which 

was mapped by Creasey and Theodore (1975) as the quartz monzonite of 

Samaniego Ridge and by Thorman and Drewes (1978) as the Wrong Mountain 

Quartz Monzonite. The garnetiferous granite is considered to be cor

relative to the Eocene Wilderness Suite as defined by Keith and others 
(1980).

The allochthonous terrane above the detachment fault consists 
of two domains. The structurally lowest domain contains fault bounded 
slices of metamorphosed Cambrian through Permian sedimentary rocks and 

some variably mylonitic crystalline rocks. Each of these slices is 

considered to be a subdomain, and each is identified on the geologic 

map (Fig. 4) with Roman numerals i through xiv. Structurally above 

this domain of metasedimentary tectonite is a wedge of non-mylonitic

6
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Major Structural Components

LOWER DOMAINS UPPER DOMAIN  
______ A ________

METASEDIMENTARY MASSIVE TERTIARY SEDIMENTARY
GRANODIORfTE 8 VOLGANIC ROCKS

MYLONITIC ORACLE 
“GRANITE'' FAINTLY MYLONITIC 

TERTIARY INTRUSION

Figure 3. Major Structural Components of Italian Trap Allochthon and 
Its Undergirding Crystalline Terrane
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shattered granodiorite that is overlain by Tertiary sedimentary and 

volcanic rocks (Domain xv).

The detachment fault that separates the allochthonous and 

authochthonous terranes in the Italian Trap area is roughly scoop 

shaped, locally concordant with foliation planes in the basement ter

rene. The fault surface is marked with coarse corrugations that have 

no structural counterparts in the basement foliation. A microbreccia 

zone formed at the expense of crystalline rocks is present discontin

uous ly along the detachment fault.

Rock Units

Autochthonous Cyrstalline Rocks

Porphyritic Granite. The oldest autochthonous crystalline 

rock in the Italian Trap area is a porphyritic granite that is similar 

in mineralogy and texture to the Precambrian Oracle Granite (Creasey 

and Theodore, 1975). The granite contains 2-4 cm orthoclase pheno--X.
crysts (20-30%), plagioclase (35-45%, quartz (20-30%, biotite or 

chlorite (5%), and traces of hornblende and magnetite. Xenoliths of 

muscovite schist occur in this rock.

The porphyritic granite is usually mylonitically foliated and 

lineated, but becomes conspicuously less so in the immediate vicinity 

of the detachment fault. This mylonitic fabric is expressed by par

allelism of micaeous minerals, by aligned cataclastically deformed 

feldspar crystals, and ductilely deformed quartz crystals. Lineation

9
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Is due to alignment of smeared micaceous minerals and elongate quartz 

ribbons. Thin layers of chlorite weaving around the more brittle 
feldspar crystals give the rock an augen-gneissic texture. In its 

non-mylonitic outcrops, the porphyritic granite is pervasively shat
tered and the plagioclase crystals are commonly altered to clay min

erals. Locally, the porphyritic granite contains large crystals of 

muscovite that were probably formed by hydrothermal alteration.

If the porphyritic granite is correlative to the Oracle 

Granite, as interpreted by Creasey and Theodore (1975), it has an age 

of about 1440 m.y. (Damon, Erickson, and Livingston, 1963; Livingston 

and others, 1967; Shakel and others, 1977). It has not been dated in 
the Italian Trap area.

Garnet Muscovite Granite. Sills, dikes, and pods of muscovite 

and garnet-bearing non-porphyritic granite are found within the por
phyritic Oracle granite. This rock contains quartz (30-40%), ortho- 

clase (25-35%), plagioclase (10-15%), muscovite (15%), and trace 

amounts of garnet and biotite. The most extensive phase of the garnet 

muscovite granite, is fine to medium grained, forming more than 30% of 

the outcrop area in the autochthonous terrane. A pegmatitic phase 

that is somewhat richer in muscovite and feldspar is common as len

ticular bodies within the porphyritic granite. Small outcrops of an 

aplitic phase which is slightly richer in garnet and poorer in musco

vite exist north of the allchthon. The intrusive contacts of these 

phases have been over-printed by mylonitic foliation, obscuring the



11

original relationships. Presently, the contacts of the garnet- 

muscovite granite, including its aplitic and porphyritic phases, tend 

to parallel the mylonitic foliation of the host rock. This rock com

monly appears to be undeformed in outcrop, but examination of thin 

sections reveals that the mineral grains are shattered and quartz 

grains often exhibit somewhat sutured boundaries. Locally, this 

granite is mylonitic, but the foliation is always less fully developed 
than that of nearby porphyritic granite host rock. Lineation has not 

been observed in any outcrop of autochthonous garnet muscovite granite 

at Italian Trap.

Creasey and Theodore (1975) mapped the garnet-muscovite granite 

as Cretaceous to Tertiary quartz monzonite of Samaniego Ridge, extend

ing the usage of the term from its type area (Banks, 1976) in the 

northwest Santa Catalina Mountains. Thorman and Drewes (1978) mapped 

this unit as Wrong Mountain Quartz Monzonite, named for exposures at 

Wrong Mountain in the Rincon Mountains by Drewes (1977). The Wrong 

Mountain Quartz Monzonite was assigned a Precambrian age by Drewes 

(1977) based on a zircon date reported by Catanzaro (1963). Thorman 

and Drewes (1978) believe that this unit is probably the oldest end 

member of a series of remobilized and partly remobilized Precambrian 

material. The Wrong Mountain Quartz Monzonite yields K-Ar dates rang

ing from 24.1 m.y. to 33.5 m.y. (Marvin and Cole, 1978; Marvin and 

others, 1973; Damon and others, 1963; and Keith and others, 1980). 

Based on mineralogic similarities and a 47 m.y. Rb-Sr date (Keith and 

others, 1980), the Wrong Mountain Quartz Monzonite has been suggested
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to be comagmatic with the Wilderness Granite of the central Santa 

Catalina Mountains (Keith and others, 1980). Shekel and others (1977) 

state that the Wilderness Granite may be an anatectic phase derived 

from Precambrian protoliths.

Microdiorite. A very fine-grained diorite with 1-2 mm plag- 

ioclase phenocrysts occurs as sill-like lenses within the mylonitic 

porphyritic granite. The microdiorite is generally not foliated but is 

commonly cut by fractures that parallel the foliation in the host rock. 

Minor epidote is present along some joint faces in the microdiorite.

Mylonitic Gneisses. In outcrop, the mylonitic gneisses of the 

autochthonous terrane appear to be bedded. This appearance is the re

sult of locally well-developed foliation and concordant veins of rel

atively undeformed light-colored pegmatite. Typically, the mylonitic 

gneiss is dark brown or dark yellow-brown in weathered outcrop, con

trasting sharply with the white or light grey of the muscovite-feldspar 

pegmatites. A few pure quartz veins Intrude the mylonitic gneisses, 

cutting foliation at high angles. Mylonitic textures in gneisses 

formed from Precambrian porphyritic granite range from very faint or 

non-existent to augen gneissic. The Tertiary granite, even when in 

contact with augen gneiss derived from Precambrian granite, only rarely 

displays mylonitic foliation and is never lineated.

The mixed plutonic and metamorphic rocks of the autochthonous 

terrane are mapped as pmr in Figures 4, 5, and 6.
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Allochthonous Crystalline Rocks

Crystalline rocks in the allochthon occur at two horizons. The 

structurally higher crystalline domain (Domain xv, Fig. 4) overlies the 

assemblage of metasedimentary tectonite slices. The structurally lower 

crystalline domains (Domains v and vii) are within the metasedimentary 

tectonite assemblage.

Upper Domain. The rock of the upper crystalline domain is a 

hornblende-biotite granodiorite petrologically similar to the Pre- 

cambrian Rincon Valley Granodiorite of Drewes (1977). This rock con

sists of quartz (30%), plagioclase (30%), orthoclase (10-20%), 

biotite/phlogopite (5-10%), hornblende (5-10%) and secondary muscovite 

(0-5%). Although most of this granodiorite is shattered but non- 

deformed, the rock immediately adjacent to the fault between this do

main and Domain xiv is mylonitically foliated, chloritic, and displays 

hematite pseudomorphs after secondary pyrite. The highly friable upper 

parts of the granodiorite are typically hematite stained and commonly 

contain feldspar crystals that are partially altered to clay minerals. 

This massive granodiorite is designated mgd on Figures 4, 5, and 6.

Lower Domains. There are two distinct fault slices of crystal

line rock within the assemblage of metasedimentary tectonite. The 

larger of these slices (Domain vii) contains both mylonitic and non- 

tectonite porphyritic granite with pegmatitic muscovite gneiss intru

sions. These rocks are nearly identical to the autochthonous Oracle 

Granite and the pegmatitic phase of the Wilderness-equivalent
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garnet-muscovite granite. They are mapped as pC-Tg in Figures 4, 5,

6, and 7a. The porphyritic granite in this domain contains pink ortho- 

clase phenocrysts (15-25%), plagioclase (35-40%), quartz (20-30%), 

biotite or chlorite (10%), and traces of hematite pseudomorphs after 

secondary pyrite. The feldspars have been largely altered to phyl- 

losilicate minerals too fine for petrographic microscopic identifica

tion. The pegmatitic muscovite granite is almost entirely feldspar 

with about 10 percent muscovite and 10 percent quartz.

The foliation and intrusive (?) contacts within the pC-Tg 

domain have been folded into moderately plunging anticlines and syn

clines. Figure 7a is a geologic map illustrating the orientational 

differences in foliation between Domain vii and its surrounding meta

sedimentary fault slices. Note that changes in foliation within the 

pC-Tg are not paralleled by the faults nor by the foliation in the 

adjacent metasedimentary slices.

The smaller crystalline slice (Domain v) is made up of a 

strongly mylonitic chlorite granite gneiss and a foliated muscovite 

feldspar porphyry. The chlorite gneiss contains plagioclase (30%), 

orthoclase (25%), chlorite (25%), and quartz (20%). The muscovite 

porphyry contains mostly plagioclase (60%), orthoclase (20%), musco

vite (15%), and quartz (5%). These mixed gneissic rocks are mapped 

as mgr in Figures 4, 5, 6, and 7b. The foliation in each of these 

tectonites is expressed by the planar arrangement of the micaceous 

minerals and the flattening of quartz crystals in two dimensions. 

Lineation in the chloritic gneiss results from elongation of quartz
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grains in the plane of foliation. Figure 7b is a geologic map of 

Domain v and its surrounding fault slices. Note that while the 

foliation of the chloritic gneiss and muscovite porphyry is parallel to 

that of the adjacent metasedimentary tectonites, their lineation direc

tions differ by an average of 45 degrees. The dominant lineation in 

Domain v is N. 25° E., while the lineation in the surrounding metasedi

mentary tectonites revealed no dikes or sills of igneous rock. Where 

exposed, the contacts of Domain v are marked by a chloritic breccia.

Allochthonous Metasedimentary Tectonites

Introduction. The structurally lower half of the Italian Trap 

Allochthon consists largely of metamorphosed and highly deformed Paleo

zoic rocks ranging from Cambrian to Permian in age. The rocks include 

quartzites, marbles, arenaceous carbonates, and phyHites.

Foliation in the metasedimentary tectonites is penetrative, 

generally being expressed by a well developed schistosity. The schisto- 

sity is caused by the planar arrangement of phyllosilicate minterals 

and the parallelism of cleavage in other mineral grains. Foliation is 

strictly parallel to compositional layering in the metasedimentary 

rocks.

Based on the optical thin section mineral analysis, most of the 

metasedimentary rocks of Italian Trap Allochthon have a metamorphic 

grade lower than the biotite zone of the greenschist facies. In those 

rocks that display effects of metamorphism, common mineral assemblages 

are muscovite-chlorite-quartz-albite, or calcite-chlorite



(epidote-albite). In monomineralogic units like orthoquartzites or 

pure limestones, there has been very little recrystallization.

Cambrian Bolsa Quartzite. The Bolsa Quartzite in Italian Trap 

Allochthon is an orthoquartzite or quartzite with some thin interbeds 

of phyllite. Most of the Bolsa Quartzite is a massive, white, well 

cemented quartzite. Individual grains are well rounded, averaging .1 

mm in diameter. A granular conglomerate can locally be seen at the 

base of the quartzite, but this unit is so discontinuous that it is not 

a reliable marker bed. The Bolsa Quartzite commonly contains numerous 

quartz-filled veins in outcrops that immediately overlie the detachment 

fault (Fig. 8) .

Bedding in the quartzite layers is virtually impossible to 

discern, but in a few locations a vague foliation can be seen that is 

subparallel to the underlying low-angle fault surface. Microscopic 

examination of this foliation reveals a very slight flattening of the 

rounded quartz grains in the plane of foliation.

The Bolsa Quartzite is prominent in Italian Trap Allochthon 

because it is the thickest sandstone that is present in the area.

There are no demonstrably complete sections of the formation because it 

is always in fault contact at the base. For this reason, the thickness 

of the Bolsa Quartzite can only be said to have been at least 90 meters.

The Bolsa Quartzite can be distinguished from the other sand

stones in the allochthon by its purity, thickness, and by the basal 

conglomerate, where present. The white or grey color and its tendency

19
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Figure 8. Close-Up Photograph of BoIsa Quartzite 
near Detachment Fault
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to form long ridges are distinctive of the Bolsa Quartzite in Italian 

Trap Allochthon.

Cambrian Abrigo Formation. This formation consists of thinly 

inter-bedded red-brown and green phyllites and marlstones as well as 

some thicker marble and sandstone lenses. Phyllites in the Abrigo 

Formation possess wavy bedding that is probably due to syndepositional 

shallow channel cutting and backfilling (Schreiber, 1981). It is sig

nificant that these primary sedimentary features have not been des

troyed by the dynamic metamorphism of the allochthon.

The Abrigo Formation, preserved in Domain xiv of Italian Trap 

Allochthon, has a maximum thickness of approximately 45 meters. This 

figure is deceptive because it is very likely that the Abrigo Forma

tion, like all other argillaceous units in this structural environment, 

contains numerous intraformational faults that are not visible due to 

the poor outcrop expression of the formation.

The Abrigo Formation can be distinguished from the other argil

laceous units of the Italian Trap Allochthon by its distinctive wavy 

foliation and the presence of thin interfoliated carbonates with a 

marly appearance.

Devonian Martin Formation. The Martin Formation is present in 

Italian Trap Allochthon in a very small outcrop area at the top of 

Domain xiv. It consists of a pink sandy dolomitic limestone which 

weathers to a rather distinctive yellowish-brown color. The Martin 

Formation in the Italian Trap area is less than one quarter as thick
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as it should be, based on the reported thickness of the formation in a 

nearby area (McKenna, 1966). The present thickness of the Martin Forma

tion is approximately 25 meters. The upper limit of this formation is 

a fault contact with the massive granodiorite of Domain xv.

Mississippian Escabrosa Limestone. The Escabrosa Limestone is 

a white or light grey marble in Italian Trap Allochthon. The lower half 

of the formation usually contains small scattered nodules of chert. In 

the upper half of the Escabrosa Limestone, the fraction of chert nodules 

increases dramatically enough that the unit can be confused with the 

chert-rich Horquilla Limestone. The Escabrosa Limestone is almost en

tirely a pure calcite marble containing scattered grains of rounded 

quartz. Very thin layers of clay-sized grains define a foliation which 

is visible in thin section but not in hand samples. Even if there are 

> no compositional manifestations of foliation, the Escabrosa Formation 

tends to be somewhat schistose, parting along otherwise indistinguish

able foliation planes (Fig. 9).

The thickness of the Escabrosa Limestone is approximately 225 

meters in Italian Trap Allochthon. The lower contacts of this formation 

are always fault contacts, but the upper limits may be either erosional 

or faulted.

The Escabrosa Limestone of Italian Trap Allochthon can be dis

tinguished most easily from other limestone units by its white or light 

grey color and its relative lack of clastic interbeds.
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Figure 9. Photograph of Escabrosa Limestone Illustrating 
Schistose Foliation in Pure Calcite Marble
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Pennsylvanian Horquilla Limestone. The Horquilla Limestone in 

Italian Trap Allochthon is a grey to pink cherty marble (Fig. 10) with 

interbeded clastic units that increase in number and volume toward the 

top of the formation. The marble consists of very fine-grained calcite, 

sand-sized rounded quartz, and scattered thin layers of clay-sized 

particles. Clastic zones within the Horquilla Formation range in com

position from thin coarse-grained sandstones to quartzose phyllites up 

to 3 meters thick. The phyllites consist of aligned fine-grained 

micaceous minerals with up to 10 percent rounded quartz grains and 0.5 

to 2 cm-thick quartz-filled veins. In many samples, quartz grains are 

slightly flattened in the plane of foliation.

The thickest exposure of the Horquilla Limestone is about 300 

meters thick. It is possible that some parts of the section have been 

repeated or removed by faulting subconcordant to foliation. In all 

cases, the lower contact of the Horquilla Formation is fault surface.

The Horquilla Limestone can be differentiated from the upper 

part of the Escabrosa Limestone by the presence of fine grained clastic 

beds which increase in abundance up-section in the Horquilla Limestone. 

The Horquilla Limestone tends toward shades of pink while the Escabrosa 

Limestone is usually white or light grey. In weathered outcrops the 

Horquilla Limestone commonly displays 0.5 to 1 cm rusty-brown siliceous 

knobs that may be silicified fossil fragments (Schreiber, 1981).

The Escabrosa Limestone does not have these small siliceous knobs. The 

upper contact of the Horquilla Limestone is arbitrarily defined as
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Figure 10. Close-Up Photograph of Horquilla Limestone 
Showing Abundant Siliceous Interbeds



the horizon at which clastic beds begin to dominate over carbonate 
beds.
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Pennsylvanian and Permian Earp Formation. The lower part of 

the Earp Formation consists of much red phyllite, minor sandstones, 

and subordinate quantities of carbonates. Higher in the section the 

clastic content of the formation diminishes and pink sandy marbles be

come the dominant lithology. The phyllites of the Earp Formation, com

posed largely of muscovite and quartz, locally contain hematite 

pseudomorphs after pyrite (Fig. 11). Several thin quartzitic layers 

found within the formation are quite similar in lithology to the Bolsa 

Quartzite. A reddish-orange chert-pebble conglomerate is present in the 

center of the Earp Formation (Bryant, 1955), which acts as a marker of 

stratigraphic position where it has been preserved in Italian Trap 

Allochthon. Unfortunately, the conglomerate is too discontinuous to be 

useful as a mappable marker bed. The marbles of the Earp Formation con

tain very fine-grained calcite grains, chemically eroded dolomite 

crystals, subrounded quartz, and metamorphic minerals too fine-grained 

for petrographic microscope identification. These marbles, pink and 

white in fresh samples, are typically hematite stained in weathered out

crop due to minerals derived from surrounding iron-rich phyllites.

The Earp Formation in Italian Trap Allochthon is represented by 

about 125 meters of section, but because the top of the unit is always 

either a fault contact or an erosional surface, this is certainly less 

than its original thickness.
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Figure 11. Photograph of Hematite Pseudomorphs after 
Pyrite in PhyHites of the Earp Formation
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The Earp Formation is easily distinguished from the Abrigo 

Formation by its lack of wavy bedding and the persistence of the massive 

carbonate layers. Also, the dolomitic marbles of the Earp Formation are 

quartz-bearing, while the carbonates of the Abrigo are not.

Paleozoic and Mesozoic rocks younger than the Earp Formation 

have not been found in Italian Trap Allochthon.

Allochthonous Tertiary Sedimentary 
and Volcanic Rocks

The Tertiary units in Italian Trap Allochthon are the Oligocene 

Mineta formation and the Turkey Track andesite porphyry. The upper 

Oligocene Turkey Track porphyry, probably deposited within the Mineta 

formation, has been dated elsewhere as 26.3 + 2.4 m.y. old (Damon, 1970).

Mineta Formation. The Mineta formation in Italian Trap 

Allochthon consists of arkosic fine- to very coarse-grained sandstones, 

siltstones, and interbedded 1-3 meter thick, sometimes fetid, sandy 

limestones. The sandstones consist of subangular, poorly cemented 

grains of quartz (50%), feldspar (40%), lithic fragments (5%), inter

stitial clay (5%), and traces of biotite, muscovite, and magnetite. 

Coarse-grained sandstones within and near the andesite porphyry consist 

almost entirely of subhedral plagioclase feldspar crystals and quartz. 

The carbonate beds of the Mineta formation in Italian Trap Allochthon 

consist of calcite, quartz, and clay minerals. The only fossils dis

covered in the limestones were concentrically banded stromatolites.

Those limestones high in organic compounds are dark grey in color and
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give off fetid odors when cut or broken. Based on descriptions by Chew 

(1952, 1962) and Clay (1970), it is likely that the Tertiary sedimentary 

rocks of Italian Trap Allochthon are correlative to the uppermost 

"detrital" member of the Hineta formation.

The lower limit of the Hineta formation is poorly exposed, giv

ing no solid evidence as to whether its basal contact is a fault or a 

depositional contact. Because it cannot be proven that the Hineta forma

tion is in fault contact upon the allochthonous granodiorite of Domain 

xv, it is tentatively included as part of that domain. The upper limit 

of the formation is an erosional surface which has been covered by 

Recent terrace gravels. At least 100 meters of Hineta formation are 

preserved in the Italian Trap area.

The Hineta formation cannot be confused with any other forma

tion in the allochthon because of its total lack of metamorphism or 

tectonite fabric.

Turkey Track Porphyry. This red-brown andesite is characterized 

by large tabular plagioclase phenocrysts (Fig. 12). The porphyry ap

pears to be either a sill or a flow interclated into the Hineta forma

tion, but the nature of its contacts cannot be observed due to poor 

outcrop expression. Significantly, there are lenses of unmetamorphosed 

limestones and sandstones that seem to float in the porphyry. These 

sandstones and those immediately upsection from the porphyry contain 

large subhedral plagioclase crystals similar to those of the porphyry.
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Figure 12. Photograph of Typical Outcrop of the Tertiary 
Turkey Track Andesite Porphyry



This suggests that the sedimentary lenses represent periods of 

deposition between successive volcanic flows.

The thickness of the Turkey Track flows in Italian Trap Alloch- 

thon is about 70 meters.
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General Orientations

The average foliation in the metasedimentary rocks of Italian 

Trap Allochthon is about N. 40° W., 40° NE. (Fig. 13). Locally, the 

orientation of foliation may vary considerably depending on local struc

tural features. For example, the moderate dips of foliation in the 

Escabrosa Limestone of Domain iii are seen to become subparallel to the 

underlying horizontal detachment fault (Fig. 5). Additionally, the 

foliation of the metasedimentary rocks is commonly folded into sym

metric and asymmetric flexures.

Foliation in the metasedimentary tectonite parallels composi

tional layering. Depositional contacts, for example the Horquilla 

Limestone/Earp Formation contact (Fig. 5), are stricly concordant with 

local foliation. Interformational faults within the metasedimentary 

tectonite assemblage also tend to be concordant with local foliation, 

regardless of whether the faults create older-on-younger or younger-on- 

older relationships. The fault underlying the massive grandiorite 

of Domain xv is strictly parallel to the compositional layering and 

foliation of the metasedimentary rocks of Domain xiv.
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Figure 13. Pi-Diagram of 659 Foliation and Compositional Layering 
Measurements from Italian Trap Allochthon
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Structures of Italian Trap Allochthon 

A variety of structural features of large and small scale are 

present in the Italian Trap area. The largest features include the 

detachment fault and interformational faults within the metasedimentary 

tectonite assemblage. The structural features of mesoscopic scale 

consist of folds, including one set of asymmetric and two sets of 

upright folds. Lineation and boudins are the notable small-scale 

features in Italian Trap Allochthon.

Lineation and Boudins in the Allochthon

There are two distinct sets of lineation in Italian Trap 

Allochthon (Fig. 14). One of these sets is confined to the crystal

line rocks of Domain v and generally trends north-northeast. The 

other set of lineation trends north-northwest and can be found 

throughout the allochthon in cherty marbles.

Lineation in the metasedimentary tectonites of Italian Trap 

Allochthon consists of elongate crenelated chert prisms within the 

marbles of the Escabrosa, Horquilla, and Earp Formations. In all 

outcrops in which crenulation was observed, the axes of the 

crenulations are parallel to the long dimensions of chert prisms. 

Figure 15 is a tracing from a field sketch of an outcrop in which the 

elongate chert lenses are visible in three dimensions. This drawing 

illustrates the common continuity of chert lenses in the direction 

parallel to lineation and the discontinuity or pinch-and-swell of
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Figure 14. Lower-Hemisphere Equal-Area Stereographic 
Projection of Lineation Measurements in 
the Allochthonous Tectonites. -- Dots 
represent lineation in metasedimentary 
tectonites. Circles represent lineation 
in mylonitic gneisses of Domain v.



35

Figure 15. Tracing of Field Sketch of Outcrop Showing 
Three Dimensional Nature of Lenses within 
the Horquilla Limestone

Figure 16. Tracing of Field Sketch of Small Isoclinally 
Folded Siliceous Interbed in the Escabrosa 
Limestone of Domain iii



36

the cherty interbeds in the plane perpendicular to lineation. The 

average orientation of lineation in the metasedimentary tectonites 

is N. 20° W./S. 20° E., essentially parallel to the axial maxima of 

the northwest-trending asymmetric folds. A few very small rootless 

folds (Fig. 16) with axes parallel to local lineation were found in 

the Escabrosa Limestone of Domain iii. These rootless, isoclinal 

folds of chert interbeds or nodules have axial planes parallel to 
the local foliation.

Lineation in the crystalline rocks of Domain v is defined by 

the extreme elongation of quartz crystals in the plane of foliation. 

Granulation of the quartz ribbons was never observed. The average 

orientation of this mineral lineation is N. 26° W. (Fig. 14).

Faults of the Allochthon

The faults of the Italian Trap Allochthon can be divided into 

two types on the basis of their cross cutting relationships. The 

first of these types is the detachment fault which separates the 

allochthonous terrane from the autochthon. The second type of faults 

are those entirely within the allochthonous terrane.

Low-Angle Detachment Fault. The detachment fault is a broad 

trough-or scoop-shaped surface that separates the metasedimentary 

tectonite assemblage from the underlying crystalline basement. The 

axis of the trough was determined through a Tt-diagram plot of three- 

point fault orientation solutions (Appendix 1). The long axis of the 

trough is non-plunging and trends N. 64° E., approximately at right
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angles to the strike of foliation and low-angle faults within the 

allochthon. The cross sections of Figure 17 illustrate the shape 

of the detachment fault along two mutually perpendicular lines. The 

fault surface contours outside the boundaries of the allochthon are 

approximations based on the elevations of topographic highs in the 

Redington Pass area around Italian Trap. Figure 17 is not a 

topographic map. Rather, it illustrates the minimum elevations at 

which the detachment surface could have been located. Data points 

are elevations of detachment fault outcrops, peaks, and plateaus 

taken from the Bellota Ranch SB preliminary topographic map. Ac

cording to this analysis, Italian Trap Allochthon occupies the lowest 

part of an elongate basin.

The shape of the detachment fault is smoothly curved in the 

line of long-axis orientation (A-A*, Fig. 17), but is marked by a 

200 foot deep fault groove in the vicinity of Tanque Verde Wash 

(B-B1, Fig. 17; Fig. 18). The doubly plunging axis of this large 

fault groove is oriented N. 45° E. Another poorly exposed depression 

in the fault surface is present under the northeast margin of the 

allochthon, where a small wedge of allochthonous granodiorite is pre

served. These fault grooves are best developed where the allochthon 

is underlain by Tertiary garnet-muscovite granite.

Microbreccia is present in discontinuous lenses along the 

detachment fault. When examined in thin section, samples of micro

breccia were found to contain large amounts of fine-grained chlorite 

and lesser amounts of orthoclase, undulatory quartz, and hematite or
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Figure 17, Topographic Analysis of Italian Trap Area as Guide to
Determining Probable Detachment Fault Shape. —  Contours 
define minimum elevations at which the detachment 
fault could have occurred•
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Figure 18. Topographic Map of Tanque Verde Wash
Illustrating Steep Dips of the Detachment 
Surface which Define Deep Fault Grooves



40
limonite. Even where the superjacent rocks are metasedimentary 

tectonites, no clasts of limestone, dolomite, nor siltstone were 

found incorporated into the microbreccia. This evidence suggests 

that the microbreccia was formed at the sole expense of crystalline 

rocks with little or no metasedimentary rock involvement. This is 

somewhat unexpected because the autochthonous igneous rocks are far 

more mechanically resistant than the allochthonous sedimentary rocks. 

Locally, allochthonous rocks in contact with the fault plane are 

brecciated and silicified, but usually they seem to be unaffected 

by the detachment fault.

Copper mineralization is often found along the fault zone or 

within the allochthon in close proximity to the detachment surface, 

but is not present in economically significant amounts.

The detachment fault truncates all faults, foliation, and 

compositional layering in both the autochthon and allochthon.

Faults within the Allochthon. The Italian Trap Allochthon is 

an assemblage of tectonized metasedimentary and crystalline rock 

slices. With only a few exceptions, the faults that separate these 

slices are subconcordant to the foliation and compositional layering 

in the tectonites, and so are referenced as subconcordant faults.

Some of these subconcordant faults, specifically those between 

Domains x and xi in the central part of the allochthon, are cut by 

high-angle faults. The high-angle faults are truncated either by the 

detachment fault or by other subconcordant faults.
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Subconcordant Low-Angle faults. This type of low-angle fault 

commonly parallels or is slightly discordant to the foliation of the 

metasedimentary tectonite slices. These faults generally strike 

N. 35° W. and dip between 15 and 70 degrees to the northeast. The 

average dip of the subconcordant faults is 40 degrees. Because of 

poor outcrop expression of the fault planes, these values are ap

proximations based on 3-point fault plane determination. These faults 

are usually poorly exposed because in most cases they are zones of 

distributed shear with indistinct boundaries. The best exposed sub

concordant fault is located in a prospect pit between Domains iii and 

vi. There, the fault zone is approximately 1.5 meters thick, con

sisting of thinly interfoliated phyllite and cupriferous marble. The 

lower contact of unsheared hanging wall is a slickensided surface with 

15-25 cm-wide downdip grooves. On the adjacent hillslope, the shear 

zone is a covered interval of no outcrop. If the rocks on either side 

of the fault were not different formations, this fault and others 

like it would not be readily detectable. In most examples, the inter- 

formational faults are locallized in argillaceous layers of the 

Earp Formation and the Horquilla Limestone, but there are a few ex

ceptions in which the interformational faults cut obliquely across 

other subconcordant faults and compositional layering. An example of 

one such slightly discordant low-angle fault separates the Bolsa 

Quartzite of Domain xiv from Domains -xii and xiii between section 

lines B-B* and C-C* (Figs. 4 and 5). There, the fault surface is a 

curviplanar knife-sharp contact that becomes concordant to foliation
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and compositional layering in the vicinities of section lines A-A’ 

and C-C*. The cross sections of Figure 6 illustrate the orientational 

relationships between this interformational fault and foliation. An 

example of a fault that cuts non-foliated porphyritic granite is 

present between Domains vii and viii. There, the 0.5 meter-thick 

fault zone contains finely granulated clasts of the hanging wall and 

footwall lithologies. Elsewhere, this fault separates slices of 

Horquilla Formation and is very poorly exposed.

Both older-on-younger and younger-on-older relationships have 
developed as a result of subconcordant faulting in Italian Trap 

Allochthon. Notable among the older-on-younger fault relationships 

are the slices of mylonitic crystalline rock (Domains v and vii) which 

rest in fault contact on Pennsylvanian and Permian rocks, the long 

thin slice of Cambrian and Devonian rocks in fault contact on 

Pennsylvanian and Permian rocks, and the plate of crystalline rock 

(Domain xv) which lies on the lower Paleozoic units. It is signifi

cant that the oldest rocks of the allochthon (Domains xiv and xv) 

occupy the structurally highest fault positions within the al
lochthonous assemblage.

High-Angle Faults. High-angle faults.that truncate marker 

beds and subconcordant faults are found within the allochthonous 

assemblage in Domains x and xi between section lines B-B1 and C-C'. 

Another of these high-angle faults is present in the extreme north

west part of the allochthon. These faults vary in strike from
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N. 30° E. to N. 60° E., roughly perpendicular to the strike of the 

subconcordant faults. These faults have straight map traces, in

dicating near-vertical dips, which is supported by observations of a 

few small outcrops. These fault contacts are very sharp, contain no 

fault gouge, and bear no striae. Trace lengths of the high-angle 

faults range from 120 to 240 meters, averaging about 180 meters.

Right separation is suggested by possibly correlative lithologies 

along the northernmost of the three high-angle faults in the center of 

the allochthon, but evidence is inconclusive for the others.

The high-angle faults are truncated at their eastern limits 

by structurally higher, older-on-younger subconcordant interformational 

faults, and at their western limits by either the detachment fault or 

an oIder-ron-younger subconcordant fault.

Faults in the Autochthon

Creasey and Theodore (1975) and Thorman and Drewes (1978) 

mapped a moderate- to high-angle fault in the autochthonous terrane 

to the southeast of the allochthon. This fault does not cut the 

detachment fault, so there are no reference planes by which to judge 

its offset. This feature is located in a prominent N. 50° E.-trending 

photolinear that extends for at least 1250 meters.

Another photolinear is present on the east margin of the 

allochthon. This feature is covered under alluvium in the map area, 

but has evidently controlled the course of the stream. This photo

linear is fully 2.2 km in length and consists of a 6-10 meter-wide
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zone of closely spaced non-striated vertical fractures striking 

approximately N. 10° E. in the area north of the allochthon.

Folds in the Italian Trap Allochthon

Introduction. There are two general kinds of folds in the 

allochthon; upright folds and asymmetric folds. The upright folds 

can be divided into northwest- and northeast-trending sets. The axes 

of the asymmetric folds have average trends in the northwest and 

southeast compass quadrants. The locus of asymmetric folds defines 

a northwest-striking, northeast-dipping plane.

Northeast-Trending Upright Fold. The bedding planes of the 

Mineta formation show a systematic variation that suggests the 

presence of a large northeast-trending upright fold. Stereographic 

analysis (Fig. 19) has determined that this fold plunges 38 degrees to 

the N. 63° E. and has an interlimb angle of 120 degrees. This fold 

deforms the depositional contact between the Turkey Track porphyry 

and the Mineta formation, and may deform the contact between the 

Mineta formation and the underlying massive granodiorite of Domain 

xv. It does not deform the detachment fault surface.

Northwest-Trending Upright Folds. Upright folds with average 

axial trends of N. 45° W. and variable but gentle plunges are best 

developed in the interbedded marbles and phyllites of the Earp 

Formation and Horquilla Limestone. Domains viii and ix, on the 

western side of the allochthon, contain the highest concentrations of



Figure 19. Lower-Hemisphere Equal-Area Stereographic 
Projection of Poles to Bedding Planes in 
the Mineta Formation of Domain xv
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these upright folds. They are found throughout the allochthonous 

metasedimentary assemblage. These symmetric, upright folds are 

generally cylindrical or cylindroidal, based on the planar or near- 

planar distribution of poles to foliation planes on adjacent fold 

limbs (Hansen, 1971). Field observations indicate that the northwest

trending upright folds are uniformly concentric in style. Smaller 

parasitic folds can be found on the limbs of some folds of this 
set.

Asymmetric Folds. This class of fold has amplitudes ranging 

from microscopic to 30 meters. The average mapped fold measures 

about 1.5 meters in amplitude and is never traceable for horizontal 

distances greater than three times an individual fold’s amplitude 

value. The axial planes of the asymmetric folds that are well enough 

exposed to allow direct measurement have an average orientation of 

N. 47° W., 45° NE. (Appendix 1). Axial plane calculations of poorly 

exposed folds were unreliable because the shapes of the folds are 

noncylindrical or irregular. The highest concentration of asymmetric 

folds occurs in Domain ill, which contains almost 44 percent of the 

46 measured folds. Domain iv contains 13 percent of the measured 

asymmetric folds, and Domains vi and xii each contain 11 percent of 

the total. The remaining 21 percent of the folds are distributed 

among the remainder of the metasedimentary domains (Appendix 2).

Based on visual field assessments, the asymmetric folds in 

Italian Trap Allochthon appear to be transitional in style between



ideal parallel and ideal similar folds. Figure 20 is a photograph 

of a well-exposed asymmetric fold of transitional style. Figure 21 

shows a much larger asymmetric fold in Domains ill and vi (Fig. 5, 

solid triangle at section line D-D'). Note that in both examples 

the inner arc of the folded layers has a far great'er curvature than 

the outer arc, and that there is a slight to moderate thickening of 

the hinge zones as measured parallel to compositional layering. The 

combination of these attributes places these folds in Class 1c of 

Ramsay's geometrical fold classification (Ramsay, 1967).

Figure 22 is a contoured lower-hemisphere stereographic 

projection of the axes of 46 asymmetric folds. Maxima occur at 

N. 35° W./S. 35° E. The axes define a plane of slip that is parallel 

to the average foliation orientation in metasedimentary tectonite 

(Fig. 13). Fold asymmetries, as seen viewing the folds in the down- 

plunge direction, are dominantly counter-clockwise in the northwest 

quadrant and clockwise in the southeast quadrant. Directions of 

asymmetry are indicated by the curved arrows on Figure 22.

47
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Figure 20. Small Asymmetric Fold of Transitional Style 
in the Upper Escabrosa Limestone. —  Note 
thinning of layers on limbs of fold and 
small fault cutting hinge on left, sug
gesting brittle failure following 
semi-ductile deformation.
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Figure 21. Photograph of a Large Asymmetric Fold 
at the Contact between Domains iii and 
vi. — 7 View is to the south-southeast 
across Tanque Verde Wash.
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ASYMMETRIC FOLD AXES

Figure 22. Contoured Lower-Hemisphere Equal-Area Stereographic 
Projection of 46 Asymmetric Fold Axes.— r Fold asym
metries, as seen viewing the folds in the downplunge 
direction, are indicated by clockwise and counter
clockwise curved arrows. Note the area in the 
east-southeast quadrant where both asymmetries 
are present.



INTERPRETATION

Slip-Line Determination

Three major faulting events have affected the rocks of Italian 

Trap Allochthon; high-angle faulting, subconcordant interformational 

faulting, and detachment faulting. In order to understand the geologic 

history of the allochthon, it is necessary to assess the direction of 

motion and timing of each faulting event.

Subconcordant Low-Angle Faulting

Two lines of evidence found in Italian Trap Alochthon can be 

used to determine the slip line and direction of transport along the 

low-angle faults. The first line of evidence is the orientational dis

tribution of asymmetric fold axes. The other is a series of well ex

posed fault grooves along the fault surface that separate Domains iii 

and vi.

Asymmetric Folding. The formation of asymmetric folds is com

monly believed to be the result of bedding-parallel shear, as on the 

flanks of a flexural-slip fold. In the case of a flexural-slip fold, 

there is interstratal slip in opposite directions on adjacent fold 

' limbs, producing asymmetric parasitic folds with opposing vergences. 

However, if the asymmetric folds are confined between planar shear 

zones that are the result of translation of the rock body, as are the
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asymmetric folds of Italian Trap Allochthon, the vergence of the folds 

will define the direction of the allochthonous plate motion.

The Separation Angle Method of Hansen (1971) has been used to 

assess the slip-lines of the subconcordant faults which bound the many 

fault-slice domains of the allochthon. In order to use this method cer

tain criteria must be met. Each fold must be a first-order fold, not a 

parasitic fold on the limbs of a larger flexure. Further, the folds 

must be of a single generation, be formed in planar shear zones, be 

flexural slip in style, and be formed in initially planar beds. Figure 

22 shows that the folds do indeed define planar shear zones, and Figure 

11 indicates that the foliation in which the folds have developed is 

also planar. Care was taken to insure that parasitic folds on the 

northwest-trending upright folds were not used in the slip-line deter

mination. Thus, satisfaction of all criteria can be proven or assumed 

with confidence.

Slip-line determination is accomplished in the following manner. 

First, the axes of the asymmetric folds are plotted on a stereographic 

projection, using symbols to differentiate between folds with clockwise 

or counter-clockwise asymmetries. Ideally, the locus of asymmetric 

folds will define a plane in which the fields of counter-clockwise and 

clockwise asymmetric folds do not overlap. The gap between the two 

fields is referred to as the separation angle. The slip-line is approx

imated by bisecting the separation angle. Sense of slip is defined by 

the direction of asymmetric fold vergence. Occasionally, as is the 

case in Italian Trap Allochthon, there is an overlap of the asymmetric



fold fields which suggests a somewhat variable slip direction. In 

these cases, the average slip-line direction is approximated by bisect

ing the angle of overlap.

The direction of slip along the Interformational subconcordant 

faults has been determined to be N. 78° N./S. 78° C. based on bisection 

of the angle of overlap (Fig. 23). Fold vergences indicate that the 

sense of motion is to the west. Domainal division of asymmetric fold 

data (Appendix 2) reveals that the fields of asymmetry overlap only in 

Domain ill. The reason for this is unknown, but speculation suggests 

that the large angle of overlap may be due to dynamic interaction of the 

folded metasedimentary rocks with the irregular detachment surface dur

ing the detachment faulting event. Such interaction may have drag- 

folded the pre-existing asymmetric folds into subparallelism with 

irregularities on the detachment surface, destroying the unimodal dis

tribution of axes that is preserved in the structurally higher domains. 

Although these higher domains do not individually display significant 

quantities of asymmetric folds, taken as a group they suggest S. 60° W. 

slip along the subconcordant fault surfaces (Fig. 24).

Despite the discrepancies in precise slip-line determination, it 

can be stated that the overall transport direction along the subcon

cordant faults of Italian Trap Allochthon was to the west.

Fault Grooves. A series of fault grooves are present in a 

prospect pit between Domains iii and vi. The lower surface of the 

hanging wall (Domain vi) bears 15-25 cm-wide, 5-10 cm-deep mullion that
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Figure 23. Lower-Hemisphere Equal-Area Stereographic Projection of 
Asymmetric Fold Axes Individually Labeled as to Sense of 
Asymmetry. —  The two solid radial lines outline the area 
of overlap. Dashed line bisects the angle between the 
radial lines, approximating the slip line. Direction of 
motion is shown by fold asymmetries to be toward the west 
(arrow). Folds of this diagram are from all domains of 
Italian Trap Allochton.
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Figure 24. Lower-Hemisphere Equal-Area Stereographic Plot of
Assymetric Fold Axes Exclusive of Those in Domain ill. —  
The angle of separation between the fields of clockwise and 
counter-clockwise folds is 114 degrees. Bisection of the 
separation angle approximates a line of slip oriented 
N. 60° E./S. 60° W., with motion directed to the west 
(heavy arrow). Light arrows with Roman numerals are slip 
lines determined from domains individually (Appendix 2).
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plunge 50 degrees to the N. 60° C. The slip-line along this fault is 

thus inferred to be N. 60° E./S. 60° W. This trend is precisely down- 

dip with respect to the overall fault orientation, and is co-linear 

with the slip-line determined from the asymmetric folds of domains iv 

through xiv. Sense of motion cannot be determined from fault grooves.

This prospect pit was the only location in Italian Trap Alloch- 

thon at which a sufficiently large section of subconcordant fault plane 

could be viewed for measurement of features of this scale.

High-Angle Faulting

Despite the lack of striae or grooves on the surfaces of the 

high-angle faults or drag-folded strata in the adjacent rock bodies, 

the orientations of the faults give evidence supportive of slip-line 

determinations from other sources. The linear intersection of the 

average high-angle fault and average subconcordant fault orientations 

approximates a N. 50° E./S. 50° W. slip-line that is within 10 degrees 

of the asymmetric fold determination and the fault groove determination.

The mutual cross-cutting of the high-angle faults and subcon

cordant faults indicates that these two events were contemporaneous.

It is therefore inferred that the high-angle faults are tear faults 

kinematically related to the subconcordant faulting event that as

sembled the metasedimentary tectonite slices.

Detachment Faulting

The slip-line direction and sense of motion of the allochthon 

are suggested by the shape of the detachment fault and by the general



orientation of the originally horizontal compositional layering and 

other planar elements within the allochthon.

Shape of Fault. The trough shape of the detachment fault and 

the presence of large fault grooves would tend to restrict the transla

tion direction of Italian Trap Allochthon. The N. 45° E. trend of the 

large-scale fault grooves (Figs. 17 and 18) suggest a northeast- 

southwest slip-line, as does the general shape of the detachment sur

face (sections A-A' and B-B*, Fig. 17). It may also be significant that 

the general trend of Redington Pass is N. 65° E.

Orientation of Planar Elements. The compositional layering, 

foliation, and subconcordant faults within the allochthon have been 

rotated to moderate northeastward dips. This uniform northeasterly 

tilt is inferred to be the product of antithetic rotation due to south- 

westward motion along the detachment surface. This implies that the 

detachment surface is a listric normal fault, which cannot be proven 

but is suggested by the topographic analysis of the central and eastern 

Redington Pass area (Fig. 17). Also supportive of the southwestward 

transport direction is the presence of a fault slice assemblage in the 

Mineta Ridge-Bar LY Ranch area that is strikingly similar to that of 

Italian Trap Allochthon (Warner, 1981). The Mineta Ridge-Bar LY Ranch 

locality is at a distance of approximately 8 km from Italian Trap Al

lochthon along a N. 60° E. trend (Fig. 1).
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Based on cross-cutting relationships, the detachment faulting 

event post-dates the subconcordant faulting and deposition of the Ter

tiary sedimentary and volcanic rocks.

Significance of Tectonite Fabrics 

Metasedimentary Rock Fabrics

The foliation, lineation, and boudinage or pinch-and-swell in 

the metasedimentary tectonites of Italian Trap Allochthon appear to be 

kinematically related. It has been noted that lineation in the meta

sedimentary rocks is parallel to the axes of the asymmetric folds and 

consists of crenulated cherty interbeds. It is suggested that this 

lineation is a result of progressive simple shear along foliation 

planes identical, except in scale, to the interstratal slip that pro

duced the asymmetric folds. The axes of small crenulations would there

fore define a line perpendicular to the direction of maximum shear 

stress. Continued simple shear resulted in thinning and extension of 

the carbonate matrix and ultimately caused the more brittle cherty in

terbeds to experience boudinage. The long axes of the boudins produced 

in this manner would also define a line perpendicular to the direction 

of maximum shear stress. Attendant with the thinning of the section by 

simple shear was the development of increasingly well-defined foliation 

due to alignment of planar phyllosilicate minerals and cleavage planes 

of calcite. It is this well-defined foliation that was folded into 

asymmetric folds during the low-angle subconcordant faulting event.

The presence of rootless isoclinal folds with axial planes parallel to
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foliation further substantiates the suggestion that extension of the 

carbonate matrix continued after development of small scale folds in 

the cherty interbeds.

The direction of maximum shear stress as defined by the long 

dimensions of boudins and crenulation fold axes is oriented N. 70° E./

S. 70° W. (Fig. 14).

Mylonitic Crystalline Rock Fabrics

The mylonitic gneisses of the Italian Trap area, described in 

the sections on authochthonous and allochthonous crystalline rocks, do 

not display the extreme mylonitization that is characteristic of the 

basement terranes immediately underlying the Catalina Fault along the 

Santa Catalina Mountains and the Tanque Verde Arch. However, the tec- 

tonite fabrics of the basement terrane and Domain v in the Italian Trap 

Allochthon are very well developed and display systematic orientations. 

Stereographic plots of the foliation and lineation of mylonitic gneisses 

in Domain v and the basement terrane are displayed in Appendix 1.

Recent research into the kinematic implications of lineated 

mylonites in the Santa Catalina-Rincon-Tortolita metamorphic core com

plex (Davis and others, 1975; Davis, 1980) indicates that the direction 

of maximum shortening and flattening is perpendicular to the mylonitic 

foliation and that the direction of maximum extension is parallel to 

lineation in the mylonites. Assuming these findings apply to the mylon

ites of the Italian Trap area, the strongly preferred N. 10° E. orienta

tion of lineation in the basement terrane (Appendix 1) suggests maximum
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extension during mylonitization was directed north-northeast/ 

south-southwest in the Italian Trap area. Lineation in allochthonous 

Domain v trends approximately N. 25° E., an orientation that is discor

dant to lineation within the metasedimentary tectonites but is very 

similar to that of the authochthon. This data, along with observations 

of the upper and lower contacts of Domain v, suggest that the allochthon

ous gneisses of Domain v were sliced from the basement terrane after 

mylonitization of the crystalline protoliths had occurred and were then 

faulted onto the marbles and phyllites of the Earp Formation.

Conditions of Deformation

Grade of Metamorphism

The metasedimentary rocks of Italian Trap Allochthon show some 

mineralogic signs of regional greenschist metamorphism. However, in 

many cases quartz in the presence of dolomite failed to react, indicat

ing maximum temperatures of less than 500 degrees Celcius assuming the 

mole fraction of CO^ was less than or equal to 1 (Hyndman, 1972). 

Tremolite in a phyllonite below Domain vi indicates a metamorphic grade 

lower than the biotite zone of the greenschist facies, as do .mineral 

assemblages in clastic interbeds within limestones.

K-Ar and fission track age dates reveal that the crystalline 

core rocks in the mountain range were at temperatures in excess of 400 

degrees Celcius until approximately 20 to 30 m.y. B.P. (Damon, 1968; 

Banks, 1980).
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Nature of Deformation

Evidence for both ductile and brittle stages of deformation is 

present in Italian Trap Aliochthon and in the basement terrane. By com

paring the different styles of folding and faulting, the degree to 

which the physical conditions affected deformation can be assessed. By 

considering the inter-relationships between tectonite fabrics and struc

tures, an understanding of the relative timing of the ductile and 

brittle stages can be achieved.

Folding. Two sets of folds with contrasting styles of folding 

are found in the phyllitic marbles of Italian Trap Allochthon. The 

asymmetric fold set has shapes generally transitional between ideal 

concentric and ideal similar fold styles, indicating moderately ductile 

flexural-flow folding. The upright set of folds display concentric 

fold shapes and parasitic folds, indicative of flexural-slip folding in 
a brittle rock.

Faulting. The subconcordant faults demonstrate either brittle 

or ductile deformational effects, depending on the rock types involved. 

In sandstones or crystalline rocks, subconcordant faults are brittle 

knife-sharp breaks or are filled with finely granulated gouge derived 

from the wall rocks. Locally these faults are somewhat discordant to 

foliation in the metasedimentary tectonites, suggesting strongly that 

brittle failure followed ductile deformation. Subconcordant faults in 

phyllite or marble tend to be ductile zones of distributed shear along 

which individual beds have become very closely spaced, probably as a
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result of thinning by simple shear. The high-angle faults appear to 

be discrete planes of brittle failure with no signs of related ductile 

deformation. The detachment fault is a brittle feature, as evidenced 

by the microbrecciated crystalline rock along the fault surface and the 

sharpness of the fault contact. Locally, the moderately ductile mylon- 

itic foliation of the basement terrane is truncated by the detachment 

fault, again indicating that the ductile deformational stage was super

seded by brittle deformation. There is no data bearing on the exact 

length of time between mylonitization and detachment faulting.



CONCLUSIONS

Timing of Tectonic Events

A "tectonic paragenesis" chart (Pig. 25) has been designed to 

illustrate the inter-relationships of tectonic events in the Italian 

Trap Allochthon. The control points of the paragenesis are the 

44-50 m.y. old Wilderness Suite garnet-muscovite granite and the 
26.3 m.y. old Turkey Track porphyry.

Mylonitization of the basement terrane may have occured prior 

to the intrusion of the Eocene Wilderness Suite garnetiferous granite 

(Keith and others, 1980), but it is certain that mylonitization con

tinued for a period of time following the intrusion, since mylonitic 

textures are found in that rock. Ductile deformation of the basement 

terrane was probably accompanied by the creation of foliation, linea- 

tion, and boudinage in the Paleozoic sedimentary section.

With time, the very ductile deformation in the metasedimentary 

section was replaced by semi-ductile low-angle faulting which was 

largely restricted to the metasedimentary rocks but locally affected 

the mylonitic crystalline terrane. These low-angle faults created 

both older-on-younger and younger—on-older relationships and emplaced 

some of the slices of Tertiary mylonitic crystalline rock (Domains v 

and vii) among those of metasedimentary tectonite. Previously well- 

developed planar foliation was asymmetrically folded in response to 

the simple shear that resulted from the low-angle faulting. It is
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likely that a slab of non-mylonitic Precambrian granodiorite 

(Domain xv) was emplaced on the metasedimentary assemblage during 

this moderately ductile low-angle faulting event. There is no 

evidence conclusively linking these faulting events other than the 

parallelism of the intervening fault surface to foliation in Domain xiv 

and the faintly mylonitic textures present in rocks at the base of 

the crystalline slab.

Prior to detachment faulting, the Mineta formation and 

Turkey Track porphyry were either deposited or faulted onto the 

crystalline rock that was already, or would soon be, in place upon 

the metasedimentary assemblage. If the lower contact of the Tertiary 

section (Domain xv) is a fault of the subconcordant fault set, it 

would imply that the subconcordant faults are younger than 26.3 m.y. 

Unfortunately, this contact is not well enough exposed to substanti

ate such an assignment.

The brittle detachment faulting probably tilted the low-angle 

faults, foliation, and compositional layering during antithetic rota

tion along a listic fault surface. It is also possible that the 

planar features were already tilted by events not directly evidenced 

In Italian Trap Allochthon and were simply sheared off and emplaced 

in their present location. Whatever the method by which it was 

accomplished, rotation of the metasedimentary tectonite assemblage 

was complete prior to the cessation of detachment fault motion. 

Attendant with the translational detachment faulting was microbrec— 

elation of the footwall rocks along the fault surface and the
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probable production of the brittle northwest-trending upright folds 

along the leading edge of the fault block. It is possible that the 

northeast-trending synclinal fold in the Tertiary sedimentary and 

volcanic rocks is due to drag folding along the detachment surface.

Emplacement of Italian Trap Allochthon 

Kinematic indicators in Italian Trap Allochthon suggest that 

the tectonite assemblage was translated from the northeast into its 

present location. Although the detachment surface has been removed 

by erosion in all areas around the allochthon, topographic analysis 

of the surrounding area indicates that the detachment fault must have 

been a scoop-shaped surface. From this evidence, it is proposed that 

the detachment fault was a 1istrie normal fault active after 

26.3 m.y. during the 30-20 m.y. mid-Tertiary thermal event defined 

by Damon (1968). If this hypothesis is correct, the beheaded roots 

of the Italian Trap Allochthon should be present somewhere to the 

northeast. The Mineta Ridge area, at a distance of approximately 

8 km from Italian Trap along an east-northeast trend (Jig. 1) contains 

a metasedimentary and crystalline rock assemblage that is strikingly 

similar to that of Italian Trap Allochthon (Thorman and Drewes, 19J8X. 

It is therefore suggested that the Mineta Ridge area is the source 

of metasedimentary tectonite assemblage at Italian Trap (Jig. 26al. 

The presence of metasedimentary tectonite in upper-plate position 

implies that low-angle 1istrie (?) detachment faulting must have 

post-dated the metamorphism and tectonism which characterize those
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Listric (?) Normal Faulting Event. —  A listric (?) normal 
faulting event cuts the metasediment ary carapace, decolle- 
ment. and allochthonous cover terrane in Paige Canyon. In 
RediAgton Pass, a similar structural stratigraphy has been 
cut by the detachment fault. The major differences between 
the faulting in these two areas is that the sole fault is 
deep within the crystalline basement and is not exposed in 
the Paige Canyon area. Basin-and-Range high-angle normal 
faults are not shown in these cross sections.
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rocks. It is believed that the metamorphism of the Paleozoic (and 

Mesozoic) rocks occurred during the evolution of the Santa Catalina- 

Rincon metamorphic core complex in response to profound regional 

extension and a steep thermal/strain gradient which prevailed during 

the mid-Tertiary (Davis, 1977a; Davis and Coney, 1979). The "normal" 

metamorphic core complex structural stratigraphy, which is cut by the 

late stage listric (.?) normal fault, is shown in Figure 27,

The listric (.?) faulting that translated Italian Trap Alloch- 

thon may have a counterpart on the northeast flank of the Rincon 

Mountains in Paige Canyon (Fig. 1). Lingrey (1981 and pers. comm.) 

has mapped southwest-dipping listric (.?) faults that also cut the 

classic metasedimentary carapace, decollement, and cover terrarice 

structural elements (Fig. 26b). The fault blocks are tilted to the 

northeast, an expected feature of listric faulting with southwestward 

translation. The subhorizontal detachment surface into which these 

listric (?) faults merge (the sole fault) is inferred to lie deep 

within the crystalline basement of Paige Canyon and is not exposed.

In contrast, the sole fault of Redington Pass is the structurally 

shallow Italian Trap detachment fault.

Summary

Italian Trap Allochthon consists of a fault-slice assemblage 

of metasedimentary and metacrystalline tectonites in low-angle fault 

contact on a basement terrane of variably myIonitic and undeformed 

crystalline rocks. The faults within the allochthon that separate
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( offer Coney, I960 )

Figure 27. Normal Structural Stratigraphy of the Coxdilleran Core 
Complexes, Including the Santa Catalina—Rincon Complex.
—  This diagram illustrates the normal structural 
stratigraphy of the Santa Catalina-Rincon complex that 
has been cut by later listric (?) normal faults. Letters 
denote the following; A) core; B) decollement; C) cover 
terrane; a) Precambrian crystalline rocks; b) Tertiary 
intrusion; c) mylonitic foliation; d) lineation; 
e) metasedimentary tectonite carapace; f) crystalline 
rock (unique to Santa Catalina-Rincon complex); 
g) Paleozoic and Mesozoic rocks; h) Tertiary sedimentary 
and volcanic rocks.
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the many slices of metasedimentary or metacrystalline rocks are 

subparallel to compositional layering and foliation within the 

tectonite slices. Asymmetric folds kinematically related to motion 

along these faults indicate that translation was directed to the 

west. These faults and a few related tear faults are truncated by 

the low-angle detachment fault that separates the metasedimentary 

and metacrystalline tectonite assemblage from the autochthonous ter- 

rane. The detachment fault is a broad scoop-shaped surface with 

large east-northeast-trending fault grooves. The northeastward anti

thetic (?) rotation of compositional layering and the presence of a 

very similar tectonite assemblage 8 km to the east-northeast suggests 

1istrie normal faulting translated Italian Trap Allochthon to the 

southwest, thus placing pre-existing metamorphic tectonites in upper 
plate position.



APPENDIX 1

SUPPLEMENTAL ORIENTATIONAL DATA

Appendix 1 contains supplemental data collected in Italian 

Trap Allochthon, labeled A through E for ease of reference. A is an 

equal area lower hemisphere stereographic plot of poles to the 

detachment surface. B is a plot of fabric measurements taken in and 

around allochthonous crystalline Domain v. C is a plot of poles to 

asymmetric fold axial planes. D is a plot of the axes of the symmetric 

folds contoured with 4 and 8 percent concentrations. E is a plot of 

the fabric elements of the mylonitic basement terrance around Italian 
Trap Allochthon.
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Figure 1A. Equal-Area Lower-Hemisphere Stereographic Plot of Poles 
to Detachment Surface; 19 Measurements
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Figure IB. Lower-Hemisphere Equal-Area Stereographic Projection of 
Foliation and Lineation in and around Domain v (Gneissic 
Crystalline in Allochthon). —  Triangles represent lineation 
in Domain v. Crosses represent poles to foliation in 
Domain v. Dots and circles represent poles to foliation 
of the superjacent and subjacent domains, respectively, 
squares represent lineation in the metasedimentary 
tectonites.
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Figure 1C. Equal-Area Lower-Hemisphere Sterographic Plot of Poles 
to Asymmetric Fold Axial Planes. —  Only 10 folds were 
found on which the axial plane was exposed sufficiently 
to allow direct measurement.
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Figure ID. Equal-Area Lower-Hemisphere Streographic Plot of 47 
Upright Symmetric Fold Axes. —  Contours represent 
4 and 8 percent concentrations.
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Figure IE. Equal-Area Lower-Hemisphere-Streographic Plot of
Mylonitic Fabric Elements in the Basement Terrane 
near Italian Trap Allochthon. —  Circles represent 
lineation measurements. Dots represent poles to 
foliation. Foliation displays a weak preferred 
orientation in the plane normal to 0° N. 63* E.



APPENDIX 2

ASYMMETRIC FOLD DATA

Appendix 2 consists of equal area lower hemisphere streographic 

plots of asymmetric folds in Domains iii, iv, vi, x, xii, and xiii. 

Other domains contain only one or two readings or none at all. Arrows 

on diagrams represent slip line suggested by distribution of asymmetric 
fold axes.
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