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ABSTRACT 

The Dual Wash area is comprised of two west-northwest-trending washes (Deer Valley 

and Carillo), which provide excellent cross-section exposures of metamorphic core complex fault 

rock units. The structural components of metamorphic core complexes consist of upper plate 

rocks, a detachment fault, cataclasite and chlorite breccia, subdetachment fault, and mylonites. 

Within the Carillo Wash, the Catalina detachment fault dips ~13° NW, which is consistent with 

its overall dip in this part of the Rincon Mountains. However, exposed along the Deer Valley 

Wash, the Catalina detachment fault dips more steeply at ~60° NW. Beneath the detachment 

fault, in the lower plate, the structurally highest rock is a highly-fractured chlorite cataclasite 

which lies above two different units of mylonites. Embedded in these unit is leucocratic granitic 

unit which floods the cataclasite and mylonites. Evidence of brittle faulting and fracturing show 

evidence of this being a late-stage intrusion.   

 The structural geology of the Dual Wash area proves to be somewhat structurally 

anomalous. The cause for much of these anomalies within the lower plate may be credited to the 

presence of this abundant leucogranite unit. This may be because it is a late-stage intrusion as 

well as a potential driver of core complex development. 

PURPOSE OF THIS PAPER 

 The purpose of this research is to help expand the knowledge of the Catalina-Rincon core 

complex geology as well as pose questions for future research in this area. While this core 

complex, as well as other core complexes of the Western Cordillera, have been thoroughly 

studied, some unanswered questions remain. This paper will not be solving the “big-picture” 

questions of metamorphic core complexes, but will examine in detail a small study area. The 

Dual Wash Area, while relatively small in area when compared to overall core complex size, 



incorporates many of the fundamental core complex structures as well as some anomalies that 

have not been studied in detail prior to this research.  

METAMORPHIC CORE COMPLEXES 

 George Davis and Peter Coney, two University of Arizona faculty, first coined the term 

“metamorphic core complex” in 1976, one year prior to the completion of the Rincon Valley 

Quadrangle being mapped by Harald Drewes. It is generally believed that these core complexes 

are formed due to regional ductile to brittle extensional deformation (G.H Davis and others, 

1975). Coupled with this ductile to brittle deformation is shearing that occurs under 

progressively high to low temperatures. Figure 1 is a kinematic evolution cartoon from Davis  

(2013), which was originally modified from Lister-Davis (1989) to fit the geology and 

geography of this core complex. The overall tectonic forces here, as shown in Figure 1, are 

initially controlled by a low-angle normal fault. This detachment fault brings lower plate rocks 

up, while sliding upper plate rocks downward relatively quickly. When this slip occurs, a 

mylonization zone occurs somewhere around the brittle-ductile transition zone, which causes for 

the granites to become mylonized (Sibson, 1977).  

The mylonites, which are a key feature of core complexes, are fault rocks derived from 

granites, which formed due to large strain at ductile environments. As this normal faulting 

continues, extension is created on both the eastern and western sides of the core complex. Within 

the eastern and western basins, a series of domino normal faults are created, but none of them 

ever cut the detachment fault, but rather, feed slip into this decollement. These domino normal 

faults radically thinned the crust, creating an isostatic response which causes the arching or dome 

feature of the Catalina and Rincon’s.  

 



These normal faults occur in the hanging wall of the detachment fault. This is how the  

30-40km of extension associated with this core complex has been accommodated throughout a 

period of ~15 million years. 

The Rincon Mountains are in the southeasternmost end of the belt of metamorphic core 

complexes that trends N50W across Arizona. This belt there turns northward (Davis and Coney, 

1979). The core complexes to the northwest are thought to be older than the core complexes to 

the southeast. It is believed that there is a belt or large scale “shear zone” which connects these 

Figure 1. An evolutionary kinematic carton which shows the progression of this metamorphic core 

complex. This carton does not show to scale the complete magnitude of extension. Figure taken from Davis 

(2013), modified from Lister-Davis (1989). The purple triangle represents the Tucson Caldera which is 

now located in the Tucson Mountains. 



core complexes together, however, there is no direct evidence of this. Nowhere in this belt does 

the age of core complexes present itself as younger than Basin and Range faulting. Metamorphic 

core complexes in Southeastern Arizona were formed between 30 Ma and 18 Ma. Basin and 

Range faulting followed in the interval 15 Ma to 5 Ma.  

PREVIOUS WORK 

Harald Drewes (1977) first identified and mapped in detail the Catalina detachment fault 

and the nature of the upper plate rocks. His mapping of the lower plate rocks captured the 

distribution and foliation orientations within what we now know are lower-plate mylonites. Over 

the years, there has been large debate as to whether core complex evolution has been a result of 

thrusting or extensional tectonic forces.  The research conducted here gives evidence to 

extensional forces, however, this paper has no intent to infiltrate this debate, but rather, give past 

insights as to what these core complexes really were.  

Davis (1980, 1983, 1987a) laid out structural characteristics of metamorphic core 

complexes, using the geology of the Rincon Mountains as a basis. His most recent published 

work (Davis, 2013) focuses on strain localization near the top of lower-plate mylonites and 

cataclasites, based on detailed mapping in the Saguaro Loop area just ~4km south of this study 

area.  The rest of the core complexes located throughout this “belt” have been studied in detailed 

and many portray the same fundamental structural features: upper plate, a detachment fault and a 

lower plate.  

STUDY AREA 

 The Dual Wash Area is located directly to the east of Tucson, Arizona in Saguaro 

National Park (Rincon Mountains District). The Dual Wash study area is located right in the 

heart of the Catalina-Rincon metamorphic core-complex, where core complex relationships are 



well exposed. Figure 2 is a Google Earth image upon which the location of the Dual Wash Area 

is identified. A more detailed Google Earth image in Figure 3 is used to show the extent of the 

study area as well as local geographic relationships. 

 

 

Figure 2. A Google Earth image of the Dual Wash Study Area as well as the surrounding mountain ranges 

to put into perspective. 

Figure 3. A Google Earth image of the Dual Wash area zoomed in. It also shows the two washes that 

afford excellent exposures of the metamorphic core complex geology in this part of Saguaro National Park. 



As noted above in Figure 3, the Dual Wash Area derives its name from the proximity and 

parallelism of the two major west-northwest flowing washes that expose the geology in this 

pedimented section of the National Park. The Deer Valley Wash lies to the north of the Carillo 

Wash and both flow into the Monument Wash. The Dual Wash Area is an excellent place to 

conduct field research. The Catalina detachment fault, which is the main geologic feature of this 

core complex, is exposed within and runs approximately perpendicular to both washes. This 

coupled with an abundant supply of leucogranite “bodies”, lead this to be a special area with 

notable geologic anomalies. The geology in this field area also houses some very interesting 

ecological and biological features. 

GEOLOGIC MAP AND CROSS SECTION 

 The Dual Wash study area is home to complex metamorphic core complex geology. 

Geologic mapping and cross-section interpretation of this area has been the main focus of this 

thesis. Figures 4 and 5 illustrate the geology of this area in map view and cross sectional view 

respectively. As shown, the upper plate, Rincon Valley Granodiorite (red) lies furthest west in 

the study area. The Catalina detachment fault then separates the upper plate and lower plate. 

Chlorite cataclasite (green) lies structurally below the detachment fault. This zone is the most 

damaged. Moving eastward and structurally deeper, the next unit, which may be separated by the 

Javalina subdetachment fault, is O-Mylonite (orange). Finally, the easternmost area of the Dual 

Wash area is W-Mylonite (purple), which would likely continue further east into the core 

complex. Throughout all the lower plate unit (chlorite cataclasite, O-Mylonite and W-Mylonite), 

a thick leucogranite unit (blue) intrudes these rocks. It is generally only exposed within the 

washes and penetrates all the units below the detachment fault, but never invades the upper plate 

units. 
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UPPER PLATE  

Upper plate rock units are described in this context as hanging wall units of the Catalina 

Detachment Fault. In the Dual Wash Area, the upper plate is dominated by Rincon Valley 

Granodiorite (Figure 6), although further north of the study area lies Pantano mudstone (Oligo-

Miocene, ~27 Ma) (Figure 7) and to 

the south, Paleozoic limestone. The 

presence of the Pantano Formation 

in fault contact with underlying 

cataclasite confirms that this low 

angle faulting is relatively young, 

i.e., post 27Ma. 

The Rincon Valley 

Granodiorite is brownish red, 

medium grained, composed of 

quartz, plagioclase, biotite and 

hornblende, equigranular throughout 

and abundantly fractured. The age of 

the Rincon Valley Granodiorite is 

~1.570 Ga, via K-Ar (Marvin et all, 

1973).	  

Although it is safe to assume 

that the Rincon Valley extends 

westward past the Dual Wash Area, 

Figure 6. (Top) A north directed outcrop photo of the Rincon Valley 

Granodiorite which is ~4 meter tall. Moderate fracturing within this unit is 

shown. Bottom image is an east directed outcrop photo of the Pantano 

mudstone which is ~1.5 meters tall. 



only a small portion of it is mapped (Figure 4). This Proterozoic unit appears to be widespread in 

the hanging wall of the Catalina detachment fault. It has been mapped south of the study area and 

on the east side of the core complex in Happy Valley (Spencer et all, 2002; Drewes 1977). 

Krantz (1983) describes the general transportation direction of this allochthon of ~30 km SW 

based on the correlation of the Rincon Valley Granodiorite with the Johnny Lyon Granodiorite.  

CATALINA DETACHMENT FAULT 

The Catalina detachment fault is one mechanism which aided the formation of this core 

complex. The Catalina detachment fault is a regionally low angle normal fault. Regional 

detachment fault dip is ~10-30° which is shown in Figures 2, 4 and 5. The detachment fault is 

exposed nearly throughout the Dual Wash Area, most clearly in the two washes and ~ halfway 

between the washes. Here, it strikes NE-SW with a typical strike of ~223 SW azimuth and dips 

NW. Figures 7 and 9 show traces of the detachment fault which is ~halfway between the washes 

with excellent exposure. This location is longest available trace of the detachment fault. 

However, the dip of the detachment fault in the Deer Valley Wash is ~62º NW. This is 

extremely anomalous as regional detachment fault dip is ~10-30º (Davis 2013). Figure 8 displays 

the steeply dipping section of the Catalina detachment fault through the Deer Valley Wash which 

can be traced ~5 meters across the wash. There is some unease regarding the angle of this dip 

because this outcrop could not be completely representing the actual contact of the detachment 

fault.  

LOWER PLATE 

i)  Chlorite Cataclasite 

Immediately below the Catalina detachment fault in the footwall lies a greenish blue, 

highly fractured fault-rock unit. A fault-rock is a rock that consists of fragments generated by  



  

Figure 8. Photo of the detachment 

fault outcrop trending NE-SW 

through the Deer Valley Wash. This 

anomalous 62º NW dip does not match 

regional detachment fault dip, nor the 

local detachment fault dip within the 

Dual Wash Area. Trace of the 

detachment fault south of this location 

gives insight that this is evidence of 

the exposed detachment fault.  

Figure 7. Photo of the Catalina detachment fault distinctly separating lower plate, Chlorite Cataclasite 

(right) and upper plate, Rincon Valley Granodiorite (left).  



pulverization and crushing in a shear zone. The structurally highest unit of the lower plate is a 

chlorite cataclasite. The chlorite cataclasite is equivalent to the chlorite breccia described by 

Davis 2013 in the Cactus Forest Study Area. Also within this cataclasite zone is a leucocratic 

granite rock. This rock is distributed throughout the cataclasite zone and reveals itself to be much 

more resistant than the cataclasite, which in turn, allows it to sometimes be the dominant unit.		

 

 

This cataclasite fault rock ranges from green/blue to brown, depending on the amount of 

fracturing, faulting and alteration. Brown is the typical hue of weathered chlorite cataclasite 

which is shown in Figure 10. Aspandiar and Eggleton (2002) reported that through weathering, 

chlorite may reduce to secondary clay minerals such as corrensite, vermiculite and potentially 

kaolinite which may be the reason for the brown coloring. DiTullio (1983) describes that the 

chlorite cataclasite is dominated by chlorite, with minor amounts of epidote, hematite, magnetite, 

Figure 9. Photo of the Catalina detachment fault (red), which separates the upper plate 

(Rincon Valley Granodiorite) and lower plate (chlorite cataclasite). The chlorite cataclasite 

is much less fractured and the chlorite is relatively abundant when compared to Figure 10. 



pyrite and manganese oxides. There are also large porphyroclasts (up to 6 cm) composed of 

quartz and feldspar, where there is little to no shattering of the chlorite cataclasite. When this 

shattering is more evident and abundant, the size of these porphyroclasts are magnitudes smaller.  

While there is currently no age date on this unit, it can be assumed that it is sometime 

during the activity of the slip on the detachment fault. This ranges from ~30-15 Ma. This can be 

inferred because it was produced by the fault zone of the detachment fault, however, further 

analysis is needed to confirm these constraints. This cataclasite is ~450m thick, making it the 

thickest fault-rock unit in the Dual Wash Study Area.  

The chlorite cataclasite has foliation and lineation ranging from moderate to weak. Where 

there is intense pulverization, the foliation and lineation is demolished. Mapping throughout this 

unit, illustrated in Figure 4, showed that there is not one clear lineation or direction of 

transportation. This once again, can be attributed to the obliteration of this unit. However, in 

Figure 10. A photo of the chlorite cataclasite. The amount of fracturing and shattering 

within the unit obliterate any foliation/lineation. Also, the characteristic blue/green color is 

altered to and brown, likely due to the erosion and weathering of this rock. 

	



areas that include less shattering, lineation and foliation can be measured. The trends of 

lineations in this unit should not be considered relative to transport direction because of the 

overall randomness distributed throughout this unit and the potential for rotational faulting and 

shearing to have altered original lineations. Despite this, it is still believed that transport direction 

is ~240 azimuth, disregarding the lineation measurements of the chlorite cataclasite due to the 

amount of fracturing and faulting. 

Similar to the Cactus Forest Area, the chlorite cataclasite within the Dual Wash Area is 

an extraordinary damage shear zone, caused by extensive fracturing and faulting and cataclasis 

of mylonite within an environment marked by hot circulating fluids (Davis, 2013). Figure 11 

shows a photo of what is likely a fault surface within the chlorite cataclasite. The cataclasite is 

Figure 11. An outcrop photo of the chlorite cataclasite. This appears to be the location of a fault 

surface within the cataclasite. Note the brown-red color of the unit, likely caused by erosion on this 

surface. Located in the Deer Valley Wash. 

	



the most erodible rock of all the units, which is likely a result of the intense pulverization that 

has occurred. 

In the Dual Wash Area, much of the exposed outcrops are located within the washes 

likely because pedimentation has exploited this weak and highly fractured unit. It is also 

important to note the little change in topographic relief associated with this unit. When this rock 

is the only rock present in the wash, the local change in relief is essentially non-existent. Because 

of this, there is an increase in vegetation and water flow (when flowing). 

The chlorite cataclasite in the Dual Wash Area is generally exposed only within the Deer 

Valley Wash and Carillo Wash, with very little outcrops exposed at the surface between the 

washes. Because most of this cataclasite is exposed within the washes, it is important to consider 

the amount of erosion and weathering that has taken place due to the flow of water over time.  

ii) O-Mylonite 

The fault-rock unit below the chlorite cataclasite is one of two mylonites in this core 

complex. O-Mylonite is the structurally highest unit of the two mylonites in Dual Wash Area. 

The O-Mylonite, which was mapped as Continental Granodiorite by Drewes (1977), is a brown, 

course-grained porphyroclastic quartz-feldspathic fault rock derived from porphyritic 

hornblende, biotite-bearing quartz monzonite of the Oracle/Ruin granite suite (Davis 2013). 

DiTullio (1983) reported that the mineralogical assemblage of groundmass of the O-Mylonite is 

garnet, 30–40% quartz, 30% orthoclase, 20% plagioclase, 5–10% biotite, along with zircon, 

sphene, and pyrite in accessory quantities. She also mentions that the porphyroclasts within this 

are subangluar to rounded and range in size from ~0.1 to 0.4 cm, which make up ~50% of the 

rock. The large feldspar porphyroclasts can range up in size to ~6 cm, much like the chlorite 

cataclasite. Davis (2013) mentions that in the nonmylonitic Oracle Granite, the phenocrysts can 



range up in size to ~8 cm, so it is understandable that the porphyroclasts in the O-Mylonite can 

be that large.  

O-Mylonite is derived from the Oracle Granite (Davis, 2013) which is (1.42 Ga) (Shakel 

et all., 1977). In the Dual Wash study area, this unit is up to ~400m thick. 

 The identification of this rock is relatively easy from afar due to the coarse grains and 

moderate to strong lineations. Typical strike and dip of foliation of the O-Mylonite is ~SW and 

NW respectively in the Deer Valley Wash, but becomes more randomly oriented in the middle of 

the Dual Wash Area, was well as the Carillo Wash. It is shown that lineation in nearly all the 

measurements within this unit trend between ~225 to 250° azimuth, which matches conventional 

trend of 240° azimuth throughout this metamorphic core complex. Typically, sense-of-shear in 

this core complex is top-to-the-southwest (Davis 2013), which can be shown by several different 

sense-of-shear indicators. Some of which include the orientation of S-C fabrics and sigma-type 

porphyroclasts, as well as “fish-flash”. Fish flash is a term coined by Stephen Reynolds; is it a 

method that uses mica (fish) to infer the sense of shear during the creation of the mylonite. 

Figures 12 and 13 show nice examples of a sigma-type porphyroclasts which were used as sense-

of-shear indicators within the O-Mylonite. These methods, coupled with the other listed above, 

match the sense-of-shear that is typically thought to have occurred in this metamorphic core 

complex.  

The actual contact between chlorite cataclasite and O-Mylonite in the Dual Wash area is 

not at all discrete, and thus it is difficult to determine how to represent the contact and/or contact 

zone. This was not the case in the Cactus Forest study area, where Davis (2013) mapped the 

breccia/mylonite contact as a discrete fault, the Javalina subdetachment fault. It is unclear now as 

to why this contact or contact zone is so gradational in the Dual Wash area. Figure 4 shows the 



trace of the Javalina subdetachment 

fault as an approximation based on field 

observations. It can be speculated that 

the presence of the abundant amounts of 

the leucogranite may be the reason for 

this anomaly.  

iii) W-Mylonite 

W-Mylonite lies structurally 

below the O-Mylonite, making it the 

structurally deepest fault rock exposed 

in the Dual Wash. This map unit was 

originally described by Drewes (1977) 

as Wrong Mountain Quartz Monzonite. 

The W-Mylonite is easy to identify by 

its white-to-tan color, fine to medium 

grain size and presence of two micas 

(muscovite and biotite) and garnet. 

Porphyroclasts are much smaller in W-

Mylonite compared to O-Mylonite. 

DiTullio (1983) stated that mineralogical assemblage of this rock is 20% quartz, 35% orthoclase 

and microcline, 35% plagioclase, and up to 8% muscovite with minor biotite and garnet. 

Average grain size of the W-Mylonite is 1-3 mm, with the micas averaging an even smaller size 

of ~0.5 – 1 mm (Davis 2013; DiTullio 1983). The main distinguishable characteristics of the W-

Figure 12 (top) and 13 (bottom). Photos of feldspar 

porphyroclasts within the O-Mylonite that were used as 

sense-of-shear indicators. Both reveal top-to-the-

southwest sense-of-shear. 



Mylonite is its color, as well as the 

two-mica-bearing garnet, which 

matches the nonmylonitic Wilderness 

suite granite mineral assemblage 

(Davis 2013).  

Like the O-Mylonite, the W-

Mylonite is also derived from a 

nonmylonitic granite. This granite, 

known as the Wilderness Granite, is 

~55 Ma (Eocene) which is composed 

of medium to fine grain equiangular 

two-mica bearing quartzo-feldspathic 

mylonite (Davis, 2013; Shakel et all., 

1977; Keith et all., 1980). In the Dual 

Wash study area, the W-Mylonite is at 

least 200m thick. 

Much like the O-Mylonite, the 

typical strike and dip of W-Mylonite 

foliation is ~SW and NW respectively. 

Lineation measurements of the W-

Mylonite generally trend of ~230-

245° azimuth, which is subparallel to 

lineation measurements in the O-

Figure 14. Outcrop photo of O-Mylonite.  

Figure 15 (top) and 16 (bottom). Photos of the W-Mylonite. 

Top photo is a sample from an outcrop exposure and bottom 

photo is a polished slab. Red circles in bottom photo are most 

likely garnet. 



Mylonite. The W-Mylonite in this area is weakly foliated and lineated and located on the very 

eastern part of the Dual Wash Area. This is the furthest unit from the Catalina detachment fault, 

illustrated by Figures 4 and 5. 

Both W-Mylonite and O-Mylonite show incredible brittle and ductile fabric and 

deformation. Figure 17 emphasizes the ductile flow of the mylonitic fabric. It is also important to 

note that with both mylonites, a more regional amount of topographic relief is found throughout 

the study area.  

Figure 17. A photomicrograph of the O-Mylonite in plain polarized light. This image shows the true ductile 

flow throughout the mylonitic, revealing that this occurred below the brittle-ductile transition zone. Note the 

size of the porphyroclasts and the scale (500 µm). These sigmoidal-shape feldspathic porphyroclasts could 

also be used for sense-of-shear indicators on a micro level if placed in outcrop position. Porphyroclasts are 

feldspars (likely orthoclase) while the thin “ribbons” are quartz. Accessory minerals are distributed 

throughout. Q = quartz ribbon; F= feldspar porphyroclast; M = mica.  

	



LEUCOCRATIC GRANITE 

One major distinguishable characteristic of the Dual Wash Area is the presence of an 

abundant supply of leucogranite. Leucogranites are a white, intrusive, granitic rock that typically 

contain only light colored felsic minerals. This leucogranite is white to tan, fine grain, massively 

bedded and highly fractured. This unit is present in all the lower plate units, abundantly 

enveloping each unit in the washes. The leucogranite unit in the Dual Wash Area has proven to 

be extremely difficult to map. Figures 18-21 show some outcrop photos of the leucogranite. 

Through detailed mapping, it presents itself as tabular, sill-like bodies. The term “sill-like” is 

used carefully because the true subsurface shape of this leucogranite is unknown. It is important 

to note that the leucogranite is only present in the Deer Valley Wash and the Carillo Wash, 

shown by Figure 4. Because of this elongates shape, it is speculated that is has a lens-like or 

tabular form, but subsurface mapping of it is still unknown.  

 

 

 

 

 

 

 

 

Figure 18. Leucogranite within the O-Mylonite. This photo illustrates that the leucogranite is 

confined to the base of the wash. Walls of the wash are strictly O-Mylonite. 



 

Figure 19. Outcrop photo which displays folding of the leucogranite within the cataclasite zone. 

Mylonite foliation is axial planar to the folding. Also, note the mylonitic fabric of the leucogranite 

which gives evidence that this formed during the mylonite-forming/shearing process.  

Figure 20. Outcrop photo of the leucogranite within the wash. Presents itself as tabular in form.  



This leucogranite is composed of only quartz and potassium feldspar. The groundmass is 

inferred to be a result of comminution (or mylonitization) of the quartz and k-feldspar. Currently, 

no age has been determined for the leucogranite in this area, however, studies by Force (1997) 

and Fornash (2013) reveal other leucogranites of Eocene age.  

 The leucogranite presents itself as solely in the washes of all the lower plate units. It is 

found throughout the chlorite cataclasite, O-Mylonite and W-Mylonite. When present in the 

mylonites, it is still expressed as massive, with no signs of being foliated. One distinguishing 

feature of this leucogranite is the extreme amount of fracturing and brittle deformation that             

occurs in this unit. Figures 22 and 23 reveal the magnitude of fracturing and resistivity which  

allows for this unit to remain abundant throughout the washes while the cataclasite and mylonites 

have eroded.  

Figure 21. Outcrop photo of leucogranite. Immediately eastward of the Catalina detachment 

fault. Note the fracturing in the rock that can be seen from meters away.  



 

Figure 22 (top) and 23 (bottom). Top photo showing a hand sample of the leucogranite. Bottom 

photo is an outcrop exposure of the leucogranite. Both are used to illustrate the intense 

fracturing/shattering within the unit. Both photos are taken from outcrops within the washes. 



As said earlier, this leucogranite appears incorporate strictly brittle deformations 

throughout all the lower plate units. Figures 24 and 25 show some of the brittle fabric of the 

leucogranite. It is believed that this leucogranite was likely a late stage intrusion because of its 

brittle fabric and non-mylonitic character. It must have been emplaced when shearing had 

elevated the mylonites fully into the brittle elastico-friction regime (Sibson 1977). As noted 

before, there is no age date on this specific “sill-like” intrusion, however, it is most likely around 

the same time as the Wilderness Granite (~55 Ma). It will be important and valuable to carry out 

an age-determination of the leucogranite, in order to see if it matches with the age of any of the 

previously mapped sills in the Catalina’s. As in the case of the Dual Wash Area, Mt. Lemon also 

has an abundance of leucogranite which has aided to the current understanding of how 

leucogranites have affected the development of metamorphic core complexes through numerous 

studies. 

Figure 24. Photomicrograph of the leucogranite unit. Note the brittle comminution of larger rock 

fragments into tiny pieces; note also the presence of microfaults with offset at the micron scale. 



STRUCTURAL ANOMALIES  

The Dual Wash area has proven to have some structural core complex anomalies, 

especially when compared to the Cactus Field Study Area (Davis 2013), which is the closest 

(~4km) detailed core complex study area to the Dual Wash. These anomalies, or distinguishable 

structural differences between neighboring study areas are shown in Figures 26 and 27 as 

schematic rock columns of the Cactus Forest Study Area and the Dual Wash Area respectively. 

These stratigraphic columns are meant to illuminate the structural differences between the two 

locations. When comparing the figures, it is very easy to see what structural features are missing 

in the Dual Wash location and what extra features are incorporated.  

Figure 25. Photomicrograph of more brittle deformation within the leucogranite. Note the right-

handed offset of the micro fault, but the intense fracturing as well. 



 First, no thin layer of ultracataclasite    

is present in the Dual Wash Area.    

Davis (2013) describes this as a ~4m 

thick, extremely resistant unit that 

forms ledge-like features below the 

Catalina detachment fault. Even in             

the best exposed locations of the           

detachment fault in Dual Wash, there              

is no evidence of ultracataclasite. 

 Secondly, an entire layer of 

ultramylonite is missing. When Drewes 

(1977) mapped the Rincon Valley 

Quadrangle, he noticed a layer of              

rock in between the mylonites (at the 

time was mapped as Quartz Monzonite 

and Continental Granodiorite). This        

layer was originally mapped as Pinal 

Schist (~1.6 Ga), but further analysis         

from Davis 2013 shows that this is a 

Figure 26 (top) and 27 (bottom). Schematic stratigraphic columns of the Cactus Forest Area (derived from 

Davis 2013) and the Dual Wash Area respectively. Note the missing ultracataclasite and ultramylonite lays in 

the Dual Wash Area. Also, the leucogranite “bodies” are engulfing much of the lower plate units in the Dual 

Wash Area. 



layer of ultramylonite. This is described as a shear zone contact between the O-Mylonite and W-

Mylonite. Current protolith of the ultramylonite (W or O mylonite) is unknown.	 

As seen in Figures 4 and 5, as well as Drewes’ map (1977), no layer of ultramylonite is 

present between the mylonites. Two possible causes for this is that there was potentially not 

enough shear strain between the mylonites upon exhumation. Another possible reason is too 

much strain across this shear zone. Currently, no strain analysis in the region has been conducted 

to determine what the cause for this missing ultramylonite layer is.  

Lastly, the final major difference between the two schematic stratigraphic columns is the 

presence of the leucogranite in the lower plate of the Dual Wash Area. This is illustrated by blue 

lines beneath the Catalina detachment fault which also represent variable thicknesses and 

lengths. The impacts and implications of this leucogranite rock are still unclear, however, it is 

possible that this is what is causing for the anomalies within this field area. The inability to 

accurately map the Javalina detachment fault due to a gradational change between units as well 

as the absent layers of ultracataclasite and ultramylonite could be a result of the abundant 

amounts of felsic igneous sill-like bodies. Also, if the steeply dipping detachment fault (~62°) is 

correct fault orientation, it could have been caused by this leucogranite. However, this is unlikely 

because the leucogranite never penetrates the upper plate units.  

This sill-like body of leucogranite, in whatever physical subsurface form it takes, is most 

likely Eocene in age, corresponding with the Wilderness Granite. Fornash et all (2013) show five 

leucogranite sills, all ranging in age between ~45-57 Ma. Amongst these sills, topographic 

relationships were accounted for. The topographic lowest sill is the Seven Falls Sill, which has a 

magmatic age of ~55.2 Ma (Fornash et all, 2013). This matches well with the likely age of the 

leucogranite in the Dual Wash area. Also, the Seven Falls Sill is the lowest topographic sill 



mapped in the Catalina’s. The leucogranite in the Dual Wash Area appears to be present at 

relatively low elevations as well (<850 meters). However, Fornash et all (2013) describes all the 

sills as foliated. In the Dual Wash Area, the leucogranite “sill” does not have any evidence of 

foliation, rather, it is simply massive. This indicates that the leucogranite in the Dual Wash Area 

may not be the same sills as mapped by Force (1997) and Fornash (2013) in the Catalina’s, 

however, they may likely be directly related as a series of sills throughout this metamorphic core 

complex. 

MAGMASTISM AND CORE COMPLEX RELATIONSHIPS 

 One major question that is still unanswered about metamorphic core complexes is: What 

is the relationship between the extensional tectonic features that created this core complex and 

the abundant volumes of leucogranite? One possible relationship, as described by Coney and 

Harms (1984) and Spencer and Reynolds (1990), is that core complexes were raised due to 

buoyant crustal roots, which were derived from earlier crustal thickening. Coupled with this is 

radiogenic self-heating of the thickened crust, leading to in situ melting and leucocratic 

magmatism prior to uplift and extension (Haxel et all, 1984; Fornash et all, 2013).  

 Lister and Baldwin (1983) have also proposed that the direct force causing the uplift of 

core complexes is related to these igneous sills and dikes. The magma chamber producing these 

igneous intrusions would have caused for the buoyant force of direct uplift, which is what would 

have provided the dome-like shape of core complexes. There are other possible theories as to 

what relation core complexes have with magmatism. Dickinson (1991) proposed the idea that 

core complexes were directly tied to the main magmatism of the late Oligocene. However, 

Fornash et all (2013) state the because the Oligocene magmatism and Oligocene core complex 

exhumation occurred some 20-40 million years after the Wilderness suite granites intruded, it 



cannot be certain that the magmatism had any effect on mylonization or exhumation, but rather, 

could have formed some of the mid-crust that was exhumed by younger detachment faulting.  

CONCLUSION 

 Based on observations, mapping, and thin section analysis, it can be inferred that the 

leucogranite bodies in the Dual Wash Area are most likely late-stage intrusions (Eocene). Much 

of these “sills” have been studied in the Catalina Mountains, however, very little of them have 

been looked at in detail in the Rincon Mountains. Ultimately, dating these sills would be the next 

step forward in figuring out if they truly are Eocene in age. Past independent studies, conducted 

by Force (1997) and Fornash et all (2013), show at least seven sills in the Catalina’s, all derived 

from Eocene Wilderness suite granite. Ideally, the best next-step is to date this unit and see if it 

matches with the age of any of the previously mapped sills in the Catalina’s. 

The effects of the leucogranite on the structural features of the Dual Wash Area are still 

unknown, but the anomalies such as the partially absent Javalina subdetachment fault and the 

absence of the ultramylonite may be caused by this. Fortunately, the Dual Wash Area has an 

abundant supply of the leucogranite and it seems to carry further eastward into the “dome” of the 

core complex. If the leucogranite does in fact, create a buoyant uplifting force which shapes the 

dome of the core complex and drives mylonization, it would be interesting to look more closely 

at the heart of the core complex to examine any magmatic intrusions.  
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