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C haotic B r ec c ia s - Kinnison- 1 2  

C HAOT IC BREC C IAS IN THE TUC SON MOUNTAINS, ARIZONA 

John E .  Kinni son 

INTRODU C T ION 

The obj ect  of thi s pap e r  is to de s c r ibe the Tuc son Mountain chao s ( Kinnison, 
1 9 58 ) ,  a g ene rally unr e c ognize d  and unusual formation in the Tuc son Mountain s .  
T hi s  formation wa s not recognized a s  a stratig r aphic unit by B rown ( 1 9 39 ) ,  who 
made the orig inal s tudy of the rang e .  

Acknowl e dgment i s  g ratefully g iven to J .  H .  C ou rtright, K .  E .  Richa r d, J .  F .  
Lanc e ,  and L.  A .  Heindl, who materially a s s i sted in the pr eparation o f  this repo rt.  
The s e  men do not, however ,  nec e s sarily ag r e e  with all of my opinions .  I am awa r e  
that some o f  my c onclu s ions are  ba s e d  o n  inc omplete data ; they should be  c onsidered 
within that limitation. 

GEOLOGIC SE T T ING 

The T uc s on Mountains are  a few mil e s  we st of Tuc son, Arizona, and fo rm a 
low elongate d r ang e which trends no rthwe st.  The rang e can be  divided into thre e  
phy s iographic divi s ions ( B rown, 1 9 39)  - - the p e diments ,  the we stern e scarpment, and 
the ea stern dip slop e .  The pediments a r e  carv e d  on the clastic se diment s of M e s o 
zoic ag e and a r e  well developed along the we s te rn margin of the r ang e .  T he we st
e rn e s ca rpment is  fo rmed of T e rtiary volcanic rocks which dip g ently to the east  
and unde rlie mo s t  of the mode rately inc i s e d  eastern dip slop e .  The rang e i s  sur
rounded by alluvium of the Santa C ru z  and Avra Valley s .  

The rocks of the rang e a r e  g roupe d  into two maj o r  divis ions . The lowe r s e 
quence con s ists  o f  Paleozoic,  Me s o zoic , and early C enozoic( ? )  rocks and T ertiary 
and Quate rnary rock s compris e  the uppe r  s equenc e .  The Tuc son Mountain chao s 
lie s betwe en the s e  two maj o r  divi sion s .  

P aleo zoic rocks con s i st dominantly of lime stone with subo rdinant amounts of 
quartzite and shale . T he Amole g roup ( Kinni s on, 1 9 58 )  ove rlie s the Paleozoic rocks 
and con s i sts mainly of  arko s e  and shal e .  T he Arnol e g roup include s the R e c r e ation 
r e d  beds  ( B rown, 1 9 3 9 )  and, po s s ibly, ande s itic volcanic rocks ( Kinnis on, 1 9 58 )  
who s e  exac t  stratig r aphic positions a r e  unknown. The ag e o f  the Amole g r oup i s  
p r obably Lower and Upp e r  C retac eou s ,  and some of the strata may b e  a s  young a s  
early T ertiary. The thickne s s  of the Paleozoic s e c tion may be  somewhat g r e ater 
than 4 , 5 0 0  feet  ( B rown, 1 9 39 ) ,  and the C re tac eou s - !T e rtiary( ? )  rocks may have a 
c ombin e d  thickne s s  in exc e s s  of 8 , 0 0 0  feet ( Kinnis on, 1 9 58 ) .  

The uppe r  s e quenc e consi s ts o f  T e rtiary and Quate rnary volc anic rocks , lake 
b e d s ,  and alluvium. The volcanic rocks c on si st of the C at Mountain rhyolite at the 
b a s e  ( B rown, 1 9 39 )  and a numb e r  of young e r  ande sitic and rhyolitic flows ,  tuffs ,  
and lake b e d s .  B a s altic rocks ove rli e  olde r tilted volcanic rocks with angular un
c onformity. 

A g ranitic stock intrude s the northern part of the range and may be older than 
the T e rtiary volcanic rocks in that area  ( B rown, 1 9 39 ) .  In the s outhern part of the 
range ,  a small monzonite porphyry intru s ive i s  young e r  than the T e rtiary volc anic 
rocks and i s  the s ite of porphyry c oppe r -type alte ration and sulphide miner alization 
( Kinnis on, 1 9 58 ;  24) .  Other igneous rocks,  ranging in c ompo s ition from ande s ite 
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l 2 - Kinni son- C haotic B re c c ia s  

to rhyolite , intrude the volcanic s e quenc e .  

Two structural event s dominate the rang e .  The fir st include s  b road folding in 
the northe rn part of the r ang e and intens e  defo rmation in the southern part  which 
affe cted the Amole g r oup and olde r rocks ( Kinnison, 1 9 58 ;  24) . The s ec ond event 
c on s i sted of block faulting and tilting and po st- date s mo st ofthe T e rtiary volcanic 
pile .  Block faulting , but not tilting , c ontinue d until after the e ruption of bas alt, 
the young e st rock in the rang e .  

The po rphyry intrusions and the mineralization i n  the southe rn part o f  the r ang e 
are  of typ e s  that are  u sually a s s igned to the " Laramide , " howeve r ,  the s e  featur e s  
a r e  young e r  than the lowe r rock unit o f  the T e rtiary volcanic s e quenc e ,  and may b e  
young e r  than all rocks exc ept T e rtiary( ? ) - Quate rnary ba s alt, conglomerate , and 
alluvium. 

The intens e  defo rmation affec ting the Amole g roup and olde r rocks i s  s eparated 
from the later volc ani sm and faulting by a pe r iod of extens ive e r o s ion which formed 
the Tuc s on surfac e ( Kinni son, 1 9 58 ;  24) .  This  surface of  e r o s ion marks a maj o r  
chang e i n  the cour s e  of g e ologic eventsin the Tuc son Mountain s .  Similar e r o s ion 
surfac e s  occur in othe r r ang e s  of southe rn Arizona. In thi s pap e r ,  " T e rtiary s truc 
ture" refe r s  to s tructure young e r  than the Tuc son surfac e ,  and " Laramide structu r e1 1 
i s  limited to po st- Amol e g roup,  p r e - Tuc son surfac e defo rmation. 

TUC SON MOUNTAIN C HAOS 

The T uc son Mountain chao s i s  compo s e d  p r edominantly of strikingly larg e and 
di soriente d fragments of all olde r rock s .  T he Tuc son Mountain chao s wa s previou sly 
inte rpr eted as a complex overthrust block by B rown ( 1 9 39 )  who said, " Along the 
we ste rn e sc a rpment . . .  i s  a conspicuou s belt of boul de r -like mas s e s  of C arbonife r 
ous lime stone a s  much a s  1 00 feet in diameter and le s s conspicuou s C retac eous vol 
c anic rocks . . .  The s e mas s e s of C arbonife rous lime stone clearly r e st on the C reta 
c eou s ,  and the C retac eous volc anic rocks al so  r e st on the Amole arko s e  in the s ame 
b elt . . .  The s e  r elation s have be en inte rpreted a s  a g r eat thru st fault, which p racti
c ally parallel s the surfac e of p re - T e rtiary e r o s ion and who s e  ove rthrust block was 
larg ely r emoved by e r o s ion. 1 1  B rown wa s partly aware of the chaotic nature  of this 
zone, bec au s e  he stat e s ,  1 1 • • •  The di stribution of outc rop s along the cove r e d  ba s e  of 
the we stern e sc arpment sug g e s t s  that thi s belt of ove rthrust  ma s s e s  is a jumble . . .  
Rec ently, B .  S .  Butl e r  ha s di s c ove r e d  on the easte rn s ide of the rang e an outc r op 
which . . .  i s  clearly a conglomerate . . .  Thi s  conglome rate occur s between one of the 
larg e r  lime s tone blocks and the C retac e ous  fo rmation s ,  sug g e sting that the fault 
may have extended out onto the surfac e . . .  1 1 

The sug g e stion I offe r i s  that the Tuc s on Mountain chao s i s  a s e dimentary fo r 
mation. If the chao s wa s fo rmed by accumulation in front of a thru s t  fault sc a rp, 
such thru sting wa s post- Laramide and p robably local in its s ignificanc e .  

Noble ( 1 94 1 )  fir st de s c ribed a fo rmation of thi s typ e .  H e  state s ,  " The Ama r 
g o s a  chao s o r  feature s r e s embling i t  are  wide sp read in the s outhern Death Valley 
r egion, and if they occur in othe r r e g ions the term chao s ,  as a common noun, may 
p rove to be a u s eful g eological term. 1 1 Thus thi s  formation, which oc cur s through 
out the T uc s on Mountain s ,  de r ive s i t s  name from its location and from the wor d  
" chao s" a s  u s ed b y  Noble .  

50 

I 

I 

[ 

( 
l 

[ 

! 

I 

[ 

[ 

l 

I 



C
at

 
M

o
u

n
ta

in
 r

h
y

o
li

te
 

��
\� 

�o
��

 
..

... 

I 
I�

 
/ 

"-.
. 

�
 

'-
----

/ /
�

 
/ (JP

 
/

,
 

�
 

""
 

..... 
'-

It))
""-

<fb
 

'-
----

"-
--

'"
 

?o
� 

,\�
(j 

�
 �

 
<lh

 ..
.....

... ..
... 

L
ay

er
ed

 v
ol

ca
ni

cs
 

@> 
..... ""

 "'-
W

e
ld

e
d

 
tu

n
s 

� 
, 

U1 
_

 •
••

• _
_

 .
_

 ••
 -

�
 

�
"' 

�
"' 

-�
 

rTfTi
iiItJ 

.-
1' 

__
_ 1

 __
__

_ .
_ 

r 
./

 w
 ""

 
'-"

 
L!.UY'"

" 

o 
"

Co
nt

ac
t 

c
o

n
c

e
a

le
d

. 

� B
ou

ld
er

s 
In

 m
aa

sl
ve

, 
.a

nd
y 

m
ud

st
on

e 
m

Qt
rl

x�
 

B
o

u
ld

e
r

s
 

en
cl

os
ed

 I
n 

ru
d

e
ly

 
st

ra
ti

fi
ed

 
si

lt
y,

 p
e

b
b

ly
 

m
a

te
r

ia
l.

 

S
c

a
le

: 
I"

: 1
00

' 

F
IG

U
R

E
 5

B
. 

C
ro

ss
 s

e
ct

io
n

 o
f 

T
u

c
so

n
 M

ou
n

ta
in

 c
h

a
o

s 
so

u
th

 o
f 

G
at

e
s 

P
a

ss
, 

T
u

c
so

n
 M

ou
n

ta
in

s,
 

P
im

a
 C

ou
n

ty
, 

A
ri

zo
n

a
. 

C
ro

s
s

 s
e

ct
io

n
 i

s 
v

ie
w

e
d 

lo
ok

in
g 

n
o

rt
h

 t
h

ro
u

gh
 a

 p
a

rt
 o

f 
th

e 
w

e
st

e
rn

 e
sc

a
rp

m
en

t 
e

a
st

 o
f 

G
o

ld
en

 G
a

te
 M

ou
n

ta
in

 (f
ig

. 
2

7,
 

B
-B

';
 F

ie
ld

 T
ri

p
 I

I,
 

St
op

 5
).

 



Di stribution and T opog r aphic Exp re s s ion 

The Tuc s on Mountain c hao s c rop s out extens ively in the Tuc son Mountains ( fig s .  
2 7 , 4 7 )  a s  a tabular unit about 14  mile s long and about 2 to 4 mil e s  wide . Along the 
we st s ide of the mountain s ,  it i s  expo s e d  on the pediment and in the low e sc a rpment 
south of Aj o Road. North of Aj o Road, in the area  betwe en C at Mountain and Gate s 
Pa s s ,  and po s s ibly a s  far north a s  Amole P e ak, it i s  expo s e d  at s c atte r e d  points at 
the bas e  of the we s te rn e sc a rpment. It i s  al s o  widely expo s e d  in the central part of 
the ea stern s ide of the rang e .  The r e  are  no expo sur e s  of the chao s in the no rthe rn 
part of the r ang e ,  and the T e rtiary volcanic rocks are unde rlain by dark - color ed 
ande sitic rock s .  

Whe r e  the chao s i s  not c apped b y  a p rote c tive layer o f  volc anic rock s ,  i t  i s  ero
ded to  a g entle ,  rolling topography. T he effec t  of differ ential ero s ion on blocks  of 
diffe r ent mate r ial s produc e s  small knob s s eparated by flat areas  cove r e d  by loo s e  
debri s .  The diffe r enc e s  in rock typ e s  and s iz e s  and orientations of individual 
bloc k s ,  stand out clearly . 

D e s c r iption 

The Tuc s on Mountain chao s r e sts  on ste eply dipping rocks of p re - Laramide a g e  
and i s  overlain b y  the C at Mountain rhyolite . The chao s and the C at Mountain rhyo 
lite a r e  e s s entially conformable,  although locally stratified lens e s  within the chao s 
dip at slightly s te ep e r  angle s  than the ove rlying volc anic rock.  The r e  are  differenc e s  
in the thickne s s  of the c haos that sug g e st s ome pre -C at Mountain rhyolite e ro s ion, 
but in some a r e a s ,  a s  at C at Mountain, the chao s appear s to g rade upward into the 
C at Mountain rhyolite . The thickne s s  of the c hao s varie s from e s s entially z e ro to 
more than 4 0 0  feet,  and i s  g reate st  in the c entral part of the east  s ide of the rang e .  
The T uc son Mountain chao s include s twc memb e r s  - - a lowe r c onglome rate membe r 
and the uppe r  c hao s memb e r .  

C onglom e r ate Memb e r  

The conglomerate memb e r  i s  known to c rop out in thr e e  localiti e s ,  and appar 
ently i s  only a local featur e .  

At C at Mountain (fig s .  S A  and 6B ; T rip IV, Stop 3 )  the bas e  o f  the conglome r ate 
memb e r  i s  a poorly consolidated, well - rounded, r e ddi sh-brown c obble c onglome r 
ate with nume rous boulde r s .  The be dding i s  marked b y  s orte d pebble len s e s  and 
aligned and elong ate d  c obbl e s .  The c obble s and boulde r s  c on s i s t  o f  a rko s e, s iltstone, 
and r e d  beds of the Arnole g roup,  and dark ande s ite porphyry. The uppe r  part of 
the c onglome r ate c ontains more num e rous boulde r s  and i s  well cons olidate d. The 
maximum thickne s s  is  about 1 50 feet, and the c onglome rate appea r s  to thin late r 
ally. 

Near Gate s Pa s s  ( fig . SB)  at the b a s e  of the Tuc son Mountain c hao s ,  the r e  i s  
an exposure o f  poorly rounded pebble conglome rate which may c o r re spond t o  the 
c onglom e r ate memb e r  at C at Mountain. It c rop s out to expo s e  a thickne s s  of about 
1 0  feet, but the b a s e  i s  cover e d. 

South of Aj o Road, the T uc son Mountain chao s loc ally ove rlie s ande s ite , and 
the c onglome r ate membe r is c ompo s e d  of a few feet of r eddi sh-brown rounded c ob 
ble c onglome rate and thin s ilt beds .  
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A. Boulde r in Tuc son Mountain chao s ( right c ente r) encl o s e d  by light- col o r e d  
clastic layer  with faint conc entric banding ; sITlall boulde r s  i n  upp e r  and left 
parts of pictu r e .  

B .  C ongloITle rate at ba s e  of Tuc son 
Mountain chao s ;  note pebble lens 
b elow pick; dip is to the north. 

C .  C ontact of thin-bedded r e d  bed 
block ( above pick) and ITla s s ive 
siltstone ; note undi storted bed
ding in red bed block, which i s  
about 1 0 0  x 4 0  feet in s i z e ;  
pictur e i s  r otated 4 50 counter -
clockwi s e .  

FIG URE 6 .  Tuc son Mountain chao s at C at Mountain, Tuc son Mountain s ,  Arizona. 
Photo s by T ad Nichol s .  
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C hao s MeITlb e r  

The c haos ITleITlbe r  o f  the Tuc s on Mountain c hao s i s  c haracte rized b y  blocks 
r ang ing in size froITl le s s  than 10 to ITlore than 2 0 0  fe et in ITlaxiITluITl diITlension. In 
the s outhern part of the rang e ,  fragITlents in the chao s ITleITlb e r  of the Tuc s on Moun
tain c hao s con s i st ITlainly of cla stic rocks of the AITlole g roup and nUITle rous blocks 
of P ale ozoic liITle stone . Blocks of the Rec r eation red beds are particularly evident 
b e c au s e  of their c olor .  A few block s of ande s ite porphyry a r e  pre s ent and, rarely, 
a block of g ranite . At s c atte r e d  plac e s  the r e  a r e  blocks of a g r ay s e ricite - quartz 
schi st which re s eITlble s  the P recaITlbrian Pinal schi st. Ande s ite and ande s ite b r e c 
c ia o r  c ongloITl e r ate of C retac eou s o r  early T e rtiary ag e are  a C OITlITlon fragITlent 
type in the c hao s in the c entral part of the rang e .  No ITleITlbe r s  of the ove rlying 
T e rtiary volc anic s equence a r e  r e c ogni ze d. 

I ITlade no atteITlpt to analyze stati stically the fragITlent c OITlpo sition and size . 
T he following ob s e rvation s a r e  b a s e d  on field iITlp r e s s ions alone, and a r e ,  a s  such, 
subj ect  to e r r o r .  F ragITlents of the AITlole g roup constitute about 60 p e r c ent of the 
total , and rang e in s ize froITl about I foot to ITlor e than 2 0 0  feet in ITlaxiITluITl di
ITlension . Many a r e  on the o rder of 1 0 0  fe et long . Blocks of Paleozoic liITle s tone, 
although proITlinent due to diffe r ential weathe r ing , rarely exc e e d  1 0 0  feet, but in 
S OITle plac e s ,  a s  in the Sweetwate r Drive area ,  exc e e d  2 0 0  feet in length .  The ITla 
j or ity o f  blocks rang e s  in size  between 1 0  and 40 feet, with block s  rang ing frOITl 1 to 
1 0  feet in size  next in abundanc e .  The block s are  c OITlITlonly s een to be  s eparate d 
by a goug elike or earthy ITlate rial ( fig . 6A) . 

Blocks of thin- bedded arko s e  o r  red beds of the Arrlole g roup tend to be  tabular,  
and the ITlo r e  uniforITl Paleozoic liITle stone and othe r direc tionle s s  rocks tend to be  
e quidiITlensional . Individual blocks a r e  o riented at  randoITl within the forITlation. 
B edding within the blocks u sually i s  not dis to rted, even in blocks of thin-bedded 
shale of the Arrlole g roup ( fig . 6C ) .  

Angular liITl e s tone c ongloITle rate bodi e s  without well- defined boundarie s a r e  
e rratically di stributed throughout the chao s ITleITlbe r .  SOITle o f  theITl a r e  locally 
stratifie d  and s o rted, and clearly are  not faul t b r e c c ia s .  The c ongloITle r ate bodie s 
are  ITlo st C OITlITlon near lar g e  liITle stone blocks ,  ITlany of which are  enclo s ed by a 
shell of angular c ongloITle rate o r  b r e c c ia.  The c ongloITle rate s are  c onspicuou s due 
to weathe ring . The le s s  r e s i s tant liITl e s tone pebbl e s  are  leached and a s ilic eous 
shell stands out clearly. A few c onglone r ate bodie s con s i st dOITlinantiy of pebbl e s  
and c obbl e s  o f  ande s ite porphyry. 

At C at Mountain the chao s ITleITlbe r  i s  expo s ed in a s e rie s of steep, nar row gul
lies  whe r e  it lie s on the congloITle rate ITleITlbe r  with appa rent c onfo rITlity ( fig s .  5A 
and 6 ;  T rip IV, Stop 3) . The fragITlents in the c haos ITleITlbe r  he r e  rang e froITl 3 feet 
to ITlo r e  than 1 0 0  fe et in ITlaxiITlUITl diITlens ion, and are surrounde d by clastic ITlate ri
al ( fig . 6A) whic h  loc ally show s conc o r dant laye r ing around the blocks .  The chao s 
ITleITlbe r he r e  appea r s  to g rade into the ove rlying C at Mountain rhyolite .  

N e a r  Gate s Pa s s ( fig . 5B ; T rip IV, Stop 5) the basal part o f  the c hao s ITleITlb e r  
i s  cOITlpo s ed o f  c rudely stratified cla stic ITlate rial c ontaining rounded to angular 
s ITlall fragITlent s ,  and thin s ilty beds .  Thi s  ITlate rial is sug g e stive of ITlud flow de 
b r i s .  The upp e r  part i s  typical c hao s ,  and appear s to g r ade into the ove rlying C at 
Mountain r hyoli te . 

On the ea ste rn slop e  near Swe etwate r D rive ,  the r e  i s  a large area  of rolling 
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hill s c ompo s ed of the Tuc s on Mountain chao s .  Here  the chao s i s  divi s ible into two 
par t s .  The lower part, which c on s titute s mo s t  of the exposure ,  is  typical c hao s .  
The upp e r  part i s  c ompo s e d  of a g r oup of separate d blocks  of Paleozoic lime s tone 
The s e  blocks c ap s everal small knob s which rang e in s ize  from about 2 0 0  to 1 , 0 0 0  
feet in l ength, and overlie the chao s with a horizontal c ontact.  The lime ston e blocks 
have s imilar strike s and dip s and lie at  about one elevation which sugg e sts that they 
are e r o sional r emnants of a onc e c ontinuou s unit ( Whitney, 1 9 5 7 ) .  

O n  the north side of the larg e s t lime s tone block the chao s i s  s e en to be  depo s ited 
against a steep contact  with the lime stone,  and the inte r stitial debr i s  of the c ha o s  
c ontain s s tratifie d  s ilt and gyp sum. 

Light- colored rhyolite , which I tentatively c o r r elate with the Spherulitic rhyo
lite ( B rown, 1 9 39 )  of T e rtiary ag e ,  intrude s the Tuc son Mountain chao s in an i r reg 
ula r  and intricate patte rn. The s e  small bodi e s  of rhyolite c ommonly appear a s  poo r 
ly expo s e d  patche s up to about 3 0  feet in diamete r ,  and a s  r ibbonlike intrus ion s b e 
twe en c hao s fragments . Larg e r  bodie s of Sphe rulitic rhyolite intrude the Tuc son 
Mountain c hao s a s  dike s and plug s ,  and c ommonly are c rowded with inclusions of 
lime s tone,  arko s e, and r e d  beds . 

Ag e 

The c haotic b r e c c ia s  lie on a surfac e cut on the Amole g r ou p  of C retac eous and 
po s sibly e arly T ertiary ag e and are c apped by or g rade into the C at Mountain rhyo
lite of T e rtiary ag e .  The ag e of the c haotic b r e c c ia is  tentatively conside r e d  to be  
of probable early to  middle T e rtiary ag e .  

As s o c iated Ande s itic Rocks 

B rown and purple ande site and ande s ite b r e c c ia and/ or c onglomerate c rop out 
locally in clo s e  a s  s o ciation with the Tuc son Mountain chao s ( fig s .  2 7  and 4 7 ) . Rocks 
of this type a r e  c ommon as fragments in the chao s ,  particularly in the c entral part 
of the r ang e .  

T h e  r elation ship o f  the ande s ite s i n  the nor thern part o f  the rang e to the Tuc s on 
Mountain c hao s and the Amole g roup i s  not definitely known. In thi s  area,  the s e  
ande s ite s a r e  p robably s ev e r al thousand fe et thick ( B rown, 1 9 39 ) ,  and may lie s trati
g raphic ally within the Amole g roup ( Kinnis on, 1 9 58 ) . In the southe rn part of the 
r ang e ,  the ande s ite s south of Aj o Road are overlain by the Tuc s on Mountain c hao s ,  
with a thin c onglome rate along the c ontact.  In the ba s in no rthwe s t  o f  the Aj o and 
M i s s ion Road inte r s ec tion, the chao s al s o  app e a r s  to ove rlie ande site.  

South of Aj o Road the ande site s near Stop 2 ( fig . 27)  are located along the pro 
j ection of the strike of folded Amole g roup s e diments expo s e d  half a miJe northwe st.  
The se ande site s may lie on the trunc ate d e dg e s  of Amole g roup s e diments ,  and form 
a thin lay e r  between the Tuc s on Mountain c hao s and the unde rlying folde d Amole 
g roup ( Kinnis on, 1 9 58 ;  fig . 2 8 ,  C - C ' ) .  The r elation ship of the Tuc s on surfa c e  to 
thi s 1 1  slabl l of ande s ite i s  not known. 

_O rigin of the C hao s 

Any theo ry of fo rmation of the T uc s on Mountain chao s mu st explain the follow
ing fac t s  which are e stabli shed by field evidenc e .  
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1 .  The formation i s  c ompo s e d  of blocks of all olde r rock s .  
2 .  The blocks rang e in size from l e s s  than one foot to more than 2 0 0  fe et in 

maximum dimens ion . 
3 .  The thickne s s  i s  c ommonly about 2 0 0  feet but rang e s  from z e ro to more 

than 4 0 0  feet.  The fo rmation is  expo s ed over an area 14 mil e s  long and 
2 to 4 mil e s wide . 

4 .  T he size  of the blocks appear s to vary dir ectly with the thickne s s  of the 
c hao s ,  i .  e . , the thicker s e ction s have g enerally larg e r  blo ck s .  

5 .  The chao s g ene r ally r e s t s  on the Tuc son surfac e .  South of the Aj o Road 
the chao s may overlie an e ro s ion surfa c e  c ut on ande site.  

6 .  Lime stone c ongl ome rate bodie s occur throughout the chao s .  
7 .  The dip of the chao s i s  e s s entially c onfo rmabl e with that of the ove rlying 

C at Mountain rhyolite.  
8 .  The stratifie d  mate rial expo s ed on C at Mountain and at Gate s Pa s s  dip s in 

the s ame direction as  the ove rlying C at Mountain rhyolite, although po s 
sibly at a steep e r  angle .  

9 .  The appearanc e of the chao s at C at Mountain and Gate s Pas s  sug g e sts anal
ogy to modern talus slop e s .  The basal half of the chaos at Gat e s  Pa s s  i s  
sug g e stive of a mud flow. 

Item s  5 ,  6 ,  and 9 sugg e st a dominantly s edimentary o rig in fo r the Tuc son Moun
tain chao s .  Item 2 sug g e sts that the chao s wa s derived from a mountainou s a r e a  o r  
steep s c arp, and a rea sonabl e a s  sumption i s  that such a s carp w a s  a structural fea 
tur e .  The following di scus s ion, then, i s  ba s ed o n  the postulation that the c hao s r e 
sulted from a combination of tectonic s and se dimentation. 

P rior to the depo s ition of the Tuc son Mountain chao s ,  the Laramide o rog eny 
intens ely defo rmed all older rocks ( Kinnison, 1 9 58 ) .  Afte r  thi s defo rmation, e ro
s ion planed the se  deformed rocks to a surfac e of  mode rate o r  g entle r elief - the 
Tuc son surfa c e .  A po st- Tuc son surfac e fault s c arp might be expected to expo s e  
various rocks brought tog ethe r by the Laram ide defo rmation. 

Such a s carp would be an exc ellent sour c e  fo r the dive r s e  rock typ e s  found in 
the chao s ,  particularly if the fault c ontinued to be ac tive during depo s ition. In front 
of thi s postulate d  fault s c arp,  a thick talu s would accumulate . The thickne s s of the 
pile and size  of blocks within it probably would be r elated to the height of the s c arp. 

Unde r prop e r  conditions of lub ric ation, extremely larg e blocks ,  or large ma s 
s e s  of blocks ,  impell e d  only by g ravity, c an slide for c ons ide rable di stanc e s  down 
a ve ry low g radient. The po stulate d  talus pil e ,  subj ected to s e i smic acti vity a s s o c 
iated with concurrent faulting , would be  e sp e c ially susc eptible to landslide and mud 
flow movement s .  As each earth movement occurr ed,  the talus pile would be locally 
thinned, but expande d  late rally. Seismic vibrations would c ontinually set  in motion 
l andslide and mud flow ma s s e s ,  as well as large individual blocks,  and the s e  would 
then slide down g entle slope s .  The chao s would thu s be spread in a thin layer  fo r a 
di stanc e of s eve ral mil e s from its sour c e .  The muddy matrix of the mud flow o r  
l andslide ma s s  would produc e a b r e c c ia and goug elike zone around the larg e r  blocks 
of the chao s ,  and might even produc e slickensided surfac e s .  

While the chao s wa s b e ing depo s ite d and spread out, it wa s subj ected to e r o s ion, 
and depo sition of c onglome rate took plac e along inte rrnittent r ill s .  The direction 
and loc ation of the s e  small wate r c ou r s e s  chang e d  with each new earth movement, 
probably di s rupting the c onglomerate s previously depo s ited. 

56  

[ 
[ 
[ 
[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

I 

[ 

I 

l 

[ 

I 



Summing up the nine ba s ic characte r i s tic s of the chao s ,  item 1 i s  s ati sfi e d  by 
the a s  sumption of an originally c omplex a r ea whic h  was elevated along a fault s carp;  
item s 2 ,  3 ,  5 ,  6 ,  7 ;  8 ,  and 9 by the sugg e sted mechani sm of formation; and item 4 
by the probability that the thicke r a r e a s  of chaos would be  nea r e r  the sourc e .  

C omparison to Othe r C haotic B re ccias  

The Tuc son Mountain c hao s bear s a striking r e s emblanc e to  othe r chaotic b r e c 
c ia fo rmations,  a few of whic h  a r e  mentioned below. 

Noble ' s  ( 1 94 1 )  inve s tigation of the Virg in Spring area of Death Valley, C alifornia, 
di sclo s ed a c haotic s e quenc e about 2, 0 0 0  feet thick, the Amargo sa c hao s ,  whic h  he 
b elieve d to be  a b r e c c iated ove rthru s t  she et of post- Mioc enE: ag e .  

Jahns and Eng el ( 19 5 0 )  summarized chao s fo rmation s in southe rn C alifo rnia a s  
follows :  " T abular to lenticular ma s s e s  of unusual b r e c c ia s  are  wide spr ead in both 
de s e rt and coastal r egions of Southern C alifo rnia . . .  Many of the b r e c c ia s  a r e  s e di 
m entary rocks . . .  ( and) r e s emble mode rn mud- flow and deb r i s - flow accumulations . . .  
Some of the b r ecc ia s ,  including several typ e s  that have b e en de s c r ibed a s  ' chao s '  
have b e en interpreted a s  c rackl e d  . . .  parts of low- angle thrus t  faults . . .  Although 
c e rtain b r e c c i a s  s e em c o r r e c tly inte rpreted a s  e s s entially tectonic in o rig in, o the r s  
so  inte rpr eted are  wholly s edimentary . . .  Only furthe r s tudie s ,  howeve r ,  c an accur
ately define the re spective rol e s  of  faulting and s e dimentation in  the development of 
the s e  rock s .  " 

Jicha ( 1 9 58 )  ha s mapp ed "landslide debr i s" in we ste rn New Mexic o .  He s tate s :  
" . . .  the northe rn flank of M e s a  del Oro for a dis tanc e of 1 0  mil e s  i s  an apron of 
slide blocks more than a mile wide . . .  Pico Pintado . . .  ha s on its e a s t  s ide two im
men s e  landslide blocks,  more than one - half mile long and s ev e r al hundre d  yards 
wide . " The r elief of  the basalt - c appe d  me s a s  from whic h  the s e  landslide s orig ina
ted is r elatively slight, and the surfac e s  on which they are depo s ited are of g entle 
g radient. The s e  landslide s a r e  r elate d to p r e s ent topog r aphic feature s ,  and they 
appear to be feature s of the late Ple i s toc ene ( Jicha, 19 58 ) . 

An account of a r e c ent deb r i s  flow by Sharp and Nobl e s  ( 1 9 52)  illu strate s the 
inhe r ent mobility of mud flow on a g entle g radient. " On May 2, 1 94 1 .  . . ( the) com
munity of  W rightwood on the no rth s ide of the San Gab riel Mountains was partly in
nudate d by a s e rie s of deb r i s  wave s . . .  Debris  wa s tran spo rted 1 5  mile s by ma s s  
movement, and on a g radient a s  low a s  7 5  feet p e r  mile at the outer extr emity . . .  
Velociti e s  of mo st wave s did not exc e e d  3 - 5  mile s p e r  hour { e stimated) . " 
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