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Abstract

Sa guaro Na tional Park (east) is lo cated on the east -
ern side of Tuc son, Ar i zona. It en com passes both
the Tanque Verde Ridge and most of the Rincon
Moun tains. The park af fords a won der ful op por tu -
nity to ex am ine a rel a tively un touched desert
 environment dom i nated by Sa guaro cac tus. We
 examined the west ern por tion of the Park (de fined
by the area along Loop Drive) to better un der stand
rocks de fined as mylonites, ultramylonites, and

cataclasites. In Ar i zona, these meta mor phic rocks
are found in the Ba sin and Range prov ince and are
as so ci ated with meta mor phic core com plex moun -
tains. The Sa guaro Na tional Park (east) pro vides an 
ex cel lent set ting to ex am ine these unique shear-al -
tered rocks and un der stand the pro cesses in volved
in their for ma tion. Our pre lim i nary as sess ment in -
di cates that tectonic processes formed these rocks
during the Genesis Flood. 

Introduction

Sa guaro Na tional Park is com posed of two dis tinct ar eas on 
op pos ing sides of Tuc son, Ar i zona. This ar ti cle lim its dis -
cus sion to that por tion of Sa guaro Na tional Park on the
east ern side of the city, iden ti fied as Sa guaro Na tional Park 
(east) (Fig ure 1). Both the Tanque Verde Ridge and most
of the Rincon Moun tains are con tained within the park.
While only a small area is ac ces si ble by au to mo bile, foot-
trails cover much of the park. The vis i tor is pre sented with
a beau ti ful desert en vi ron ment dom i nated by the Sa guaro
cac tus and a large variety of wildlife (Figure 2). 

Ge ol o gists in the early 1970s re al ized that the rocks un -
der ly ing this beau ti ful desert en vi ron ment are some what
unique. They are sim i lar to shear-al tered strata that oc cur
in spe cific ar eas be tween south ern Brit ish Co lum bia, Can -
ada and north ern Sonora, Mex ico (Co ney, 1980; Rehrig,
1986). These meta mor phic rocks are iden ti fied as
mylonites, ultramylonites, and cataclasites (see Ap pen dix). 
Our pre lim i nary in ves ti ga tion was lim ited to the area
along the Loop Drive on the west ern side of the park (Fig -
ure 1). This area has pre vi ously been mapped and de -
scribed by sev eral ge ol o gists (Wright, 1978; Da vis, 1980;
1987a; 1987b). Our find ings are con sis tent with the tre -
men dous geo logic en ergy ex pe ri enced by this re gion dur -
ing the global Flood. Hav ing stud ied gran ites and tec tonic

move ment else where (Froede, 1995a; 1998a) this re gion
of fered an in ter est ing challenge to cast these strata into a
young-Earth Flood framework.

Saguaro National Park (east)

Sa guaro Na tional Park (east) lies within the Ba sin and
Range prov ince in south ern Ar i zona (Froede et al., 1997).
Ac cord ing to Da vis (1987a; 1987b) it is one of the fin est lo -
ca tions in the world in which to rec og nize mylonites,
ultramylonites, and cataclasites. These meta mor phic
rocks re flect the full range of shear ing (i.e., duc tile through 
brit tle) thought nec es sary to ex plain the for ma tion of these
mylonitic rocks within the meta mor phic core com plex
moun tains (Da vis, 1987a; 1987b). Ex am ples of each rock
type were readily ap par ent as we fol lowed the Loop Drive
around the west ern por tion of the park (Fig ures 3 and 4).
We were greatly aided by the Da vis (1987a) field trip guide 
and sup ple mented it with ad di tional stops and short hikes.
Based on our field work around Loop Drive, we of fer an
 interpretation of the mylonites, ultramylonites, and cata -
clasites, in clud ing their for ma tion and stratigraphic
setting, within a Flood model.

Igneous and Metamorphic Rocks
Within the Park

A va ri ety of ig ne ous and meta mor phic rocks are found
within the Sa guaro Na tional Park (east), in clud ing gran ite, 
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gneiss, mylonized gneiss, ultramylonites, and cataclasites.
Banks (1980, p. 185) de scribes the four prin ci pal rock
units within the Park as:

...(1) gen er ally light col ored gneissic to mylonitic
quartz monzonite and gran ite that in trude rocks as
young as late or post-Me so zoic (Windy Point gneiss); 
(2) gen er ally darker col ored gneissic rocks de rived
mainly from Pre cam brian gra nitic rocks (grano dio -
rite and quartz monzonite); and (3) black to tan my -
lo nitic, blastomylonitic, and phyllonitic rocks also
de rived mainly from Pre cam brian Y gran ite rocks;
and (4) undeformed granodioritic to gra nitic
(mainly quartz monzonitic) rocks that like wise in -
trude rock as young as late or post-Me so zoic. The
first three of these four main rock units are fo li ated,
lineated, and in truded by abun dant peg ma tite dikes
and sills, and to gether they com prise the bulk of the
complex.

Keith et al. (1980, p.232), de scribed the spe cific fea -
tures and types of ig ne ous and meta mor phic rocks within
the Park as:

...com posed of mus co vite-gar net-bear ing gran ite.
The gran ite com monly en vel ops a dark biotitic au -

gen gneiss. Some parts of the gran ite
have abun dant peg ma tite and alaskite.
Both the gran ite and the dark augen
gneiss ex hibit the dis tinc tive low-an gle
mylo nitic fo li a tion. This mylonitic
gneiss com plex is over lain to the north -
east by meta mor phosed and lo cally
highly de formed youn ger Pre cam brian
and Pa leo zoic rocks which be come
lower grade and less  deformed up sec -
tion. The west ern and south ern bound -
aries of the mylonitic com plex are—
like those of the south ern Santa
Catalina forerange—highly jointed,
brecciated, chloritized, and over lain by
the Catalina fault, a dis lo ca tion sur face
which dips gently off the flanks of the
range. The low-an gle my lonitic fab ric
has been de formed into sev eral broad
west-south west-plung ing arches and
one north-north west-trending arch and
is in truded by several north-northwest-
striking undeformed dikes.

Mylonites, Ultramylonites,
and Cataclasites

Mylonites, ultramylonites, and cata -
clas ites found within the Park are meta -
mor phic rocks that have been

sub jected to tre men dous shear forces. The mylonitic
gneiss ex posed in the Park is so strongly lay ered that it re -
sem bles a thick stack of gently dip ping sed i men tary strata
(Fig ure 4). How ever, upon closer in spec tion the vari a tions 
in li thol ogy are ac tu ally the re sult of pen e tra tive fo li a tion
caused by shear ing within the rock (Fig ures 5 and 6). On
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Fig ure 2. Pho to graph of the Tanque Verde Ridge cov -
ered in desert veg e ta tion dom i nated by the Sa guaro cac -
tus.

Fig ure 1. Top o graphic map show ing the ex tent of Sa guaro Na tional Park
(east). Note the Park en com passes the Tanque Verde Ridge and most of the
Rincon Moun tains. Our in ves ti ga tion was lim ited to ar eas ad ja cent to Loop
Drive (LD). We found a va ri ety of gneiss, mylonites, ultramylonites, and
cataclasites con sis tent with the Da vis (1987) field trip guide. Most of the Park
lies within an area of mylonitization. Mod i fied from the United States Geo -
log i cal Sur vey Tuc son, Ar i zona Top o graphic Quad ran gle us ing Maptech
©2001 soft ware at 1X el e va tion.



av er age, the fo li a tion gently dips 30° to ward the Tuc son
ba sin. How ever, it is be lieved that the orig i nal fo li a tion dip 
an gle was as high as 45° (Da vis, 1987a; 1987b). Min eral
lineation of the quartz and quartz laminae found within
the mylonites has a gen eral orientation of N60°E–S60°W
(Davis, 1987a; 1987b).

The or i gin of the shear force was likely due to the up lift
and ro ta tion of the orig i nal moun tain-sized blocks caused
by the in jec tion of a leucogranitic melt into the over ly ing
Pre cam brian gra nitic and meta mor phic strata (Rehrig and
Reynolds, 1980). Grav i ta tional force acted on the up lifted
block and cre ated shear zones in its up per por tion. The
zone of mylonitization (i.e., shear zone) is be lieved to ex -
tend from the sur face ap prox i mately 0.6 to 1.2 miles down -
ward through the gneiss (Da vis, 1987a). Ac cord ing to
Rehrig and Reynolds (1980, p. 151):

The mylonitic fab ric formed by flat ten ing per pen -
dic u lar to fo li a tion and ex ten sion par al lel to the
lineation. Strain ra tios re corded in the mylonitic
rocks of ap prox i mately 9:2:1 in di cate that the
amount of ex ten sion is significant.

The depth of up lift and cataclasis is be lieved to have
orig i nated from less than 1.8 to 3.7 miles be neath the for -
mer ground sur face (Banks, 1980). How ever, Dickinson
(1991) pro posed a depth of mylonitic de for ma tion in the
range of 4.7 to 7.8 mi. Pre vi ously, depths were in ter preted 
from 5 to 7.5 miles (An der son et al., 1988), or per haps
even as deep as 9.3 miles (An der son, 1988). Da vis (1987a; 
1987b) sug gests that the mylonitization oc curred from 6
to 7.2 miles be low the sur face. While Pre cam brian rocks
are more de formed (ductilely and cataclastically) than
the Ter tiary-age gneiss, fo li a tion and lineation in both
were ap par ently formed in the same stress field (Banks,
1980). 

Banks (1980) pro posed that the tec tonic event that
formed the Rincon Moun tains and Tanque Verde Ridge
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Fig ure 3. A typ i cal augen gneiss. Note the large len tic u -
lar feld spar pheno crysts. Scale in cen ti me ters.

Fig ure 4. Pho to graph show ing lay ered mylonitic gneiss.
Scale in six-inch di vi sions.

Fig ure 5. Several lay ers of mylonized gneiss with pro -
nounced fault bound aries.

Fig ure 6. Pho to graph show ing the lay er ing of the
mylonized gneiss. Note that a diabase dike is ex posed on
the right side of the ex po sure. These mafic fea tures have
largely been ig nored in con struct ing mod els for meta -
mor phic core com plex moun tains. They in di cate a
greater (and likely deeper) heat source as so ci ated with
the gra nitic mag mas. The six-inch unit scale is in front of 
the diabase dike.



oc curred dur ing the mid dle Ter tiary (20 to 30 m.y. B.P.),
and Rehrig and Reynolds (1980) sug gest a pe riod from 25 to 
15 m.y. B.P. as so ci ated with a pe riod of wide spread  volcan -
ism and plutonism out side the meta mor phic core com plex.

How ever, an other in ter pre ta tion has been of fered by
Keith et al. (1980). Us ing geochronologic meth ods, they
iden ti fied three dis tinct suites of in tru sions and ac com pa -
ny ing de for ma tions (Lara mide, 75 to 64 m.y. B.P.; Eo -
cene, 44 to 50 m.y. B.P.; and the mid dle Ter tiary, 27 to 25 
m.y. B.P.). A va ri ety of age-dat ing meth ods were used to
de ter mine the ages of the var i ous gra nitic, gneissic, and
mylonitic rocks. This in for ma tion cou pled with trace-el e -
ment anal y sis de ter mined the lith o logic and struc tural re -
la tion ships of the rocks in an at tempt to re con struct the
tim ing and events ex pe ri enced by each in tru sion and
corresponding shear event. They proposed that:

Much of the mylonitic (cataclastic) de for ma tion
of the plutonic rocks and recrystallization of the en -
clos ing host rocks may be re lated to in tru sion of the
var i ous plutons. At least three ep i sodes of mylonitiza -
tion (cataclasis) may be de lin eated by ob serv ing
 relations be tween mylonitic and nonmylonitic cross -
cut ting plutons (Keith et al., 1980, p. 218). 

An der son’s (1988) work also sup ports three in tru sive ep -
ochs in volv ing 12 plutons and co eval mylonitization en vi -
sioned by Keith et al. (1980).

The tim ing and sig nif i cance of the event(s) that re -
sulted in the for ma tion of the Tanque Verde Ridge and
Rincon Moun tains re main open to age-dat ing in ter pre ta -
tion. How ever, geochronologic work con ducted on rocks
in the nearby Santa Catalina Moun tains ap pears to sup -
port the in jec tion of Lara mide melts, but only two pe ri ods
of mid-Ter tiary mylonization (Force, 1997). Much re -
mains un re solved in de ter min ing the tim ing and events
that mag matic in jec tion cre ated in form ing these sheared
metamorphic rocks. 

Metamorphic Core Complex Mountains

Most meta mor phic core com plexes are viewed as be ing
de rived from the mid dle crust and were even tu ally ex -
posed by tec tonic unroofing in an extensional set ting
(Krab bendam and Yardley, 2000). It has been pro posed for 
the Tanque Verde Ridge and Rincon Moun tains that ap -
prox i mately 20 to 30 m.y. ago there was rapid shed ding of
cover from the up lift ing meta mor phic core com plex into
ad ja cent bas ins (Banks, 1980; Drewes, 1977). Al though
sev eral mod els have at tempted to ex plain the for ma tion of
var i ous meta mor phic core com plex moun tains, none have 
proven successful on a broad scale. 

Ac cord ing to Da vis (1980), meta mor phic core com plex 
moun tains can be de fined by four dis tinct el e ments: (1) Ig -
ne ous core, (2) Meta mor phic car a pace (i.e., decollement
zone), (3) Decollement sur face (i.e., de tach ment fault),
and (4) Unmetamorphosed sed i men tary cover (Fig ure 7).
All four of these char ac ter is tics of meta mor phic core com -
plex moun tains are found within the Saguaro National
Park (east).

Core

The core is com posed pre dom i nately of Pre cam brian
quartz monzonite gran ite that has been pen e trated in
places by Ter tiary quartz monzonite gran ite (Da vis, 1987). 
Duc tile nor mal faults are abun dant in the core rocks and
are al ways ori ented per pen dic u lar to mylonitic lineation
(Da vis, 1980). No mat ter the en vi sioned num ber of gra -
nitic mag matic pen e tra tions, each event has re sulted in
some level of mylonitization. How ever, the last (mid-Ter -
tiary) tec tonic event re sulted in the great est level of in tru -
sion by gra nitic melts along with the most sig nif i cant levels 
of mylonitization. 

Metamorphic Carapace

The strata within the metasedimentary car a pace are meta -
mor phosed to up per greenschist and am phi bo lite grade,
are con cor dantly welded or plated to un der ly ing crys tal -
line rocks, and form a rel a tively thin sheet (Davis, 1980).

Da vis (1987a; 1980) sug gests that el e vated fluid pres -
sure is largely re spon si ble for the zone of microbrecciation
within the car a pace:

The na ture of frac tur ing and the per va sive al ter -
ation re cords the role of flu ids and fluid pres sure in
the fault-in duced con ver sion of mylonites to micro -
breccias.

How ever, the ex tent that wa ter played in the de vel op ment
of the de tach ment and em place ment of the core com plex
re mains the sub ject of much con tro versy (Krabbendan
and Yardley, 2000).
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Fig ure 7. Di a gram show ing the con cep tu al ized re la tion -
ship be tween the var i ous lay ers com pos ing meta mor -
phic core com plex moun tains—es pe cially those found
within the Sa guaro Na tional Park (east). Mod i fied from
Da vis, 1987, Fig ure 3.



A va ri ety of shear re lated rocks can be found within the
meta mor phic car a pace (i.e., decollement zone), in clud -
ing microbrecciated mylonitic gneiss, ultramylonites and
cataclasites. The thick ness of this car a pace is likely a func -
tion of in tense shear zone pen e tra tion as a re sult of the ex -
ten sive lat eral move ment of the overlying rock. 

Decollement

The bound ary sep a rat ing the mylonized rocks from un -
meta morphosed strata is com monly a low-an gle dis lo ca tion
sur face that de vel ops within the gneiss (Rehrig and Rey -
nolds, 1980). Move ment within the fault plane then cre ates
the meta mor phic car a pace. Striations along the top of the
decollement sur face con firm grav ity-driven move ment of
the over ly ing sed i men tary strata across this plane (Fig ure 8). 
Ac cord ing to Krabbendam and Yardley (2000, p. 670):

The de tach ment fault and the un der ly ing shear
zone are the re sult of a pro gres sive evo lu tion. The
deep and hot part of the shear zone (at a depth of 20
km [12.4 mi] or more) ini tially de forms in a very duc -
tile man ner, re sult ing in a wide zone of mylonitic
gneiss. Dur ing fur ther ex ten sion, the lower plate is
pulled to wards higher re gions and brought against
the cooler up per plate, Duc tile de for ma tion is lo cal -
ized in nar row shear zones, cross-cut ting the mylo -
nitic gneiss. Con tin u ing ex ten sion cools the shear
zone fur ther and drags the rocks through the brit tle-
duc tile tran si tion; the duc tile struc tures are lo cally
overprinted by cataclasis and brecciation.

Sedimentary Cover

The sed i men tary cover rocks have largely de tached from
the un der ly ing base ment rocks and moved un der grav ity

to ward the Tuc son Ba sin (Fig ure 9). The fault con tact be -
tween the bulk of the over ly ing sed i men tary strata and the
un der ly ing mylonites is iden ti fied as the Santa Catalina
fault. The trace of this fault ex tends from the south ern end
of the Rincon Moun tains north and west across the Santa
Catalina Moun tains, a dis tance of 42 miles (Da vis, 1987a). 
Most of the grav ity-in duced fold ing of the over ly ing sed i -
men tary strata is as so ci ated with the fi nal pe riod of up lift
as so ci ated with the Rincon Mountains (Davis, 1975).

Ac cord ing to Da vis (1980, p.68), the sed i men tary cover
rocks have been af fected by their lat eral move ment to -
wards the Tuc son Basin:

Over turned asym met ric folds, de tached iso cli nal
folds, and un bro ken cas cades of re cum bent folds
char ac ter ize the sheets of the Pa leo zoic and Me so -
zoic cover rocks. Most of the folds are tran si tional be -
tween ideal par al lel and ideal sim i lar folds and, thus,
are char ac ter ized by some hinge-zone thick en ing.
The scar city of ax ial-plane cleav age, the abun dance
of bed ding-plane cleav age, and the ob vi ous in flu -
ence of lay er ing on the mor phol ogy of folds in di cate
that the folds evolved through slip page between
layers and flow within layers.

Co ney (1980) has sug gested that wa ter played a large role
in the de for ma tion and lat eral trans port of the over ly ing
sed i men tary strata.

The com plete ness of the sed i men tary cover has also
come into ques tion. Ac cord ing to Da vis (1980, p.68):

Sed i men tary rocks on the west side of the Rincon
Moun tains within the Sa guaro Na tional Mon u ment
(East) con sist of lime stone, do lo mite, and shale of
Perm ian age, as well as rem nants of Mis sis sip pian(?), 
Penn syl va nian, and Cre ta ceous for ma tions. Along
the south east flank of the Tanque Verde antiform,
Cre ta ceous shale and lime stone, with interbedded
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Fig ure 8. Pho to graph of the de tach ment (i.e., decolle -
ment) sur face. Striations oc cur along the sur face. The
sur face of the mylonized gneiss is also iron-stained, in di -
cat ing the pres ence of wa ter at the time of for ma tion.
Scale on left is in inches and cen ti me ters.

Fig ure 9. Large hill com posed of sed i men tary strata that
has slumped west ward to ward the Tuc son ba sin. The
strata are con torted as a re sult of their lat eral dis place -
ment. 



siltstone, do lo mite, and lime stone con glom er ate, lie
di rectly on the decollement. The thick ness of the
sheet is less than 90 m (295 ft). Sed i men tary rocks
near Co los sal Cave on the south side of the Rincon
Moun tains form a sheet ap prox i mately 150 m (492
ft) thick that rests on the decollement zone. The
rocks con sist of lime stone interbedded shale and in -
clude for ma tions of Cam brian through Perm ian age. 
At the southeasternmost cor ner of the Rincon Moun -
tains, a 75 m (246 ft) sheet of Pa leo zoic rocks rests on
the decollement zone. Al though for ma tions from
Cam brian to Perm ian time are rep re sented, the
thick ness of the se quence is less than 10% of the full
Pa leo zoic sec tion exposed in the Whetstone
Mountains only 20 km (12.4 mi) south.

The in di vid ual sheets of Phanerozoic strata range
from about 40 to 120 m (131 to 394 ft) in thick ness.
Strata within each sheet are gen er ally unmetamor -
phosed, ex cept near the base where lime stones are
com monly mar ble ized over thick nesses of 10 m (33
ft) or so.

A Possible Young-Earth
Flood Interpretation

Our field work is not the first in ves ti ga tion seek ing to
 understand meta mor phic core com plexes within the
frame work of the global Flood of Gen e sis. An ex cel lent de -
tailed study of the de tach ment fault ing in the north ern
Trigo Moun tains (south west ern Ar i zona) was con ducted
by young-Earth creationist Scott Rugg (1986). He be lieved 
that the meta mor phic core com plex moun tains that he in -
ves ti gated formed and de vel oped dur ing the global Flood.
Our find ings along Loop Drive are com pletely con sis tent
with Rugg’s (1986) in ter pre ta tion. We be lieve that the
Rincon Moun tains and Tanque Verde Ridge were
formed, up lifted/unroofed, and eroded dur ing the Flood
event when tre men dous tec tonic forces were still in ef fect
(i.e., Mid dle Flood Event Timeframe; Froede, 1995b;
1998b).

Uniformitarian geoscientists sug gest that abun dant lev els 
of wa ter played an im por tant part in the de vel op ment of the
mylonized gneiss. The sed i men tary cover above the gneiss
also in di cates by its de for ma tion that it was semi-lithified
when it ex pe ri enced tec tonic up lift and lat eral trans port.
Ad di tion ally, the fact that the re gional Pa leo zoic and Me so -
zoic strati graphic sec tions are thin ner above the up lifted
my lon ite gneiss com plex than “com plete” sec tions found
12.4 miles to the south sug gests that up lift of the meta mor -
phic core com plex moun tains pre vented the de po si tion of
the uniformitarian-en vi sioned full strati gra phic sections.

We of fer the fol low ing young-Earth in ter pre ta tion that
we be lieve is con sis tent with scrip ture, al though other in -
ter pre ta tions are pos si ble. We view the Pre cam brian gran -
ites as likely formed dur ing the Cre ation week. These
gran ites were thou sands of feet be low the ex ist ing pre-
Flood ground sur face. We be lieve that the Flood eroded
away any for mer (i.e., pre-Flood) sed i men tary over bur den
above the ig ne ous and meta mor phic base ment rocks. Tur -
bu lent Floodwater later de pos ited sed i ments and or ganic
mat ter de rived from a va ri ety of source ar eas within this
same area. Up lift of the Tanque Verde Ridge and Rincon
Moun tains oc curred by gra nitic in tru sion dur ing the mid -
dle of the Flood. This cre ated both ero sional con di tions
and grav i ta tional in sta bil ity. The moun tain-sized blocks
ro tated, caus ing the newly-de pos ited sed i men tary lay ers to
slide off the top of the base ment sur face to ward the newly
formed ba sin. Within the semi-mol ten area of the up lift,
grav i ta tional force cre ated planes of weak ness that we rec -
og nize to day as nor mal faults within the gran ite. As the up -
per sec tion of the up lifted base ment rock gave way to
grav i ta tional slid ing, it al tered the ver ti cal pro file of the
com po si tion of the gran ite (from gran ite to gneiss, then to
mylonitic gneiss, in clud ing ultramylonites and cata cla -
sites). We see a tran si tion from soft (at depth) to brit tle
(closer to the sur face) de for ma tion of the quartz mon -
zonite gran ites along with the de vel op ment of in tense
shear zones as we move up in sec tion to the decollement
sur face. The tectonism cou pled with the mylonitic strata is 
consistent with catastrophic processes that we would
expect during the global Flood of Genesis. 

Conclusion

The Loop Drive within Sa guaro Na tional Park (east) pro -
vides an ex cel lent set ting in which to ob serve mylonites,
ultramylonites, and cataclasites in a beau ti ful desert set -
ting. These rocks re flect the tre men dous tec tonic forces
they ex pe ri enced in Earth’s past. Ge ol o gists con tinue to
study these rocks in an ef fort to un der stand both how and
why they formed. Found in the Ba sin and Range prov ince, 
meta mor phic core com plex moun tains re flect unique
con di tions and unusual tectonic forces.

We be lieve that the ev i dence for the abun dance of wa -
ter as a fac tor in both the mylonitization of the gneiss and
the de for ma tion of the over ly ing sed i men tary cover strata
points to the Flood. Ad di tion ally, the tre men dous tecton -
ism nec es sary to form the Tanque Verde Ridge and
Rincon Moun tains can best be un der stood as oc cur ring
dur ing this same pe riod of Earth his tory. All the ev i dence
ap pears to sup port a rather brief pe riod of time in which all 
of these events occurred.
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Appendix

The fol low ing def i ni tions may prove help ful in un der -
stand ing the va ri ety of mylonites found at Sa guaro Na -
tional Park (east). All def i ni tions are from Jack son (1997)
un less otherwise noted.
Cataclastic: Per tain ing to the struc ture pro duced in a

rock by the ac tion of se vere me chan i cal stress dur ing
dy namic meta mor phism; char ac ter is tic fea tures in -
clude the bend ing, break ing, and gran u la tion of the
minerals.

Cataclasite: A fine-grained, co he sive cataclastic rock,
nor mally lack ing a pen e tra tive fo li a tion or
microfabric, formed dur ing fault move ment. The frac -
ture of rock and min eral com po nents is a sig nif i cant
fac tor in the gen er a tion of a cataclasite, and it may play 
a sig nif i cant role in the con tin ued deformation of the
rock.

Cataclastic Flow: Flow in volv ing inter gra nu lar frac tur ing 
and move ment, i.e., me chan i cal dis place ment of par -
ti cles rel a tive to each other; a brit tle flow mechanism.

Microbreccia: A well indurated, mas sive rock that has been 
crushed to a very fine grain size through cataclastic
flow, com monly found within de tach ment faults.

My lon ite: ... a microbreccia with flow tex ture. It oc curs in 
a va ri ety of dif fer ent forms, in clud ing protomylonite,
ultramylonite, and blastomylonite. Ac cord ing to Yard -
ley (2000), mylonites oc cur in zones of high strain or
shear zones which vary in thick ness from a few mil li -
me ters to sev eral ki lo me ters. The mylonitic tex tures
re sult mainly from syntectonic recrystallization, in
which large orig i nal grains be come strained, lead ing
to the nu cle ation of small un strained grains that grow
at the expense of the parent grain.

My lon ite Gneiss: A meta mor phic rock that is in ter me di ate
in char ac ter be tween my lon ite and schist. Fel sic min er -
als show cataclastic phe nom ena with lit tle or no recrys -
tallization, and com monly oc cur as augen sur rounded
by and al ter nat ing with schis tose streaks and lenticles of
recrystallized mafic minerals.

Mylonitization: De for ma tion of a rock by ex treme micro -
brecciation, due to me chan i cal forces ap plied in a
 definite di rec tion, with out note wor thy chem i cal re con -
sti tu tion of gran u lated min er als. Char ac ter is ti cally, the
mylonites thus pro duced have a flinty, banded, or
streaked ap pear ance, and un de stroyed augen and lenses 
of the par ent rock in a gran u lated ma trix. Also spelled:
mylonization.

Ultramylonite: An ul tra-crushed va ri ety of my lon ite, in
which pri mary struc tures and porphyroclasts have been
oblit er ated so that the rock be comes ho mo ge neous and
dense, with lit tle if any par al lel structure.
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Lest We Forget
Precambrian Pollen in the Roraima Formation, British Guiana

Stainforth (1966) re ported on re searches con ducted in 1963 
by Dunsterville who col lected sam ples of “shale-like” beds
in the Roraima For ma tion of Brit ish Gui ana. Later, palyn o -
lo gist Fournier, “... pro cessed the sam ples and re cov ered
well-pre served pol len spores... Sub se quently, L. Nijssen and 
J. A. Sulek... pro cessed other pieces [of shale-like ma te rial
from the Roraima] and re cov ered iden ti cal plant micro -
fossils” [brack ets are mine], Stainforth (1966, p. 292).

“This dis cov ery of pol len and spores in a for ma tion of
sup posed Pre-Cam brian age was so re mark able that a re -
con nais sance ex pe di tion of qual i fied ge ol o gists was or ga -
nized to ver ify the facts of the case” (p. 292). Note that it
was only the dis cov ery of pol len in the Roraima ma te rial
that led to fur ther re search; had no pol len been found, it”s

Pre cam brian “sta tus” would prob a bly have gone for ever
un changed. This sec ond re search ven ture oc curred in
1964 and in cluded seven work ers who repeated the col -
lection and analysis.

They con firmed the sa lient facts as re -
corded by Dun ster ville, “New sam ples of unwea -
thered rock were col lected ... On their re turn to
Ca ra cas, the three paly nolo gists made in de pend ent
in ves ti ga tions of the new sam ples. Ut most care was
taken to avoid any pos si bil ity of su per fi cial con tam i -
na tion... [M]icrofossils of the same type as be fore
were recovered” (p. 292).

Fournier con cluded that the fos sils Pre cam brian pol len 
was “... not the same... “as pol len from plants cur rently




