
5 - Damon-Geochemical Dating 

GE OCHEMIC AL DATING OF IGNEOU S AND 
ME TAMORPHIC ROC KS IN ARIZONA 

Paul E .  Damon 
Unive r s ity of Arizona 

INTRODUC T ION 

La rg e areas  of igneou s and metamo rphic rocks are expo s e d  in the C olo rado 
Plateau s and in the Sono ran De s e rt and Mexic an Highlands s e c tions of the B a sin and 
Rang e provinc e .  In the C olorado Plateau s provinc e they are expo s e d  in the G rand 
C anyon and at the south end of the Defianc e Uplift ( DuB o i s ,  1 9 58 ;  Lanc e ,  1 9 58) . 
They a r e  al s o  r epo rte d from a few " wildc at" wells drille d  on the C olorado Plateau. 
All of the outc rop s in the C olorado Plateaus province and most of tho s e  in the broad 
belt of the C entral Highlands subpr ovinc e are of olde r P r e c ambrian ag e .  
P re c ambrian meta s ediments a r e  al s o  reporte d in the Altar Valley reg ion near C a
bo r c a  in Sono ra,  Mexi c o .  South and we st of thi s belt, throughout much of the Sonor an 
D e s e rt subprovinc e ,  the igneous and metamo rphic rocks are at least  in part post
Paleozoic . 

The P recambr ian meta s ediments of the G rand C anyon, c entral Arizona and 
s outhe rn Arizona, have b e en called the Vishnu, Yavapai and Pinal I I  s chis t s" o r  " s e 
r ie s" ,  r e spectively ( Ande r son and C r ea s ey, 1 9 5 8 ;  Lanc e ,  1 9 5 8 ;  4 ) .  The gene ral 
structu ral trends in the thr e e  area s are similar and Wil s on ( 1 9 39 ) s ugg e sted that a 
single wide spr ead o rog eny, the Mazatzal revolution, metamo rpho s e d  the older P r e 
c ambrian s e diments produc ing the Vishnu, Y avapai and Pinal schi sts . The r e  i s  no 
definite eviden c e  fo r further s ignific ant o rog enic di sturbanc e s  until po st- Paleozoic 
tim e .  Loc ally, po st- Paleozoic o rog enie s are unque stioned ( Rans ome,  1 9 1 9 ;  Gilluly, 
1 9 56) , but the ag e of the o rog enie s ,  whether Nevadan, La ramide , o r  both, i s  open 
to que stion. Som e of the o rog enie s may po s s ibly be  Santa Luc ian, or of low e r  Upper 
C retac eous ag e ( T aliafe r r o ,  1 944 ; C urti s ,  Eve rnden and Lip s on, 1 9 58 ) .  

The ag e s ,  o r  p robable ag e s ,  of the o r o g enie s mentioned above have b e en de duced 
by the use  of  cla s s ic stratig raphic r elationship s -- supe rpo s ition and s e quenc e of 
intrusion. Geochemical dating is a c omparatively new tool in the area and the date s 
pre s ented he r e  are all which are cur rently available .  

A numbe r  o f  the s e  date s we r e  obtaine d unde r the cur rent prog ram o f  g eochemic al 
inve stigation at the Unive r s ity of Arizona . The g eochemical prog ram i s  inve stig ating 
1 )  the po s s ibility of mo re than one maj o r  olde r P r e c ambrian o rog eny in Arizona ;  
2 )  the po s sible exi stenc e o f  igneous and metamorphic bodie s o f  po st-Mazatzal and 
p r e - Me s o zoic ag e ;  3) the numbe r ,  extent and ag e of post- Me s ozoic o r o g enie s ;  and 
4) the ag e of spec ific rock unit s ,  such as the C atalina gnei s s  ( DuBo i s ,  1 9 ,  2 0 )  who s e  
ag e i s  di s c u s s e d  a s  po s sibly P r ecambrian ( ? ) ,  C retaceous  ( ? ) , o r  T ertiary ( ? ) . 

DAT ING TECHNIQUES 

Seve ral g eo c hemical dating technique s ,  such a s  the rubidium- strontium, the 
pota s sium - arg on, the uranium-lead, the i sotopic lead and the alpha-lead metho d s ,  
have b e en develop e d. The multiplicity of available tec hnique s ha s the advantag e of 
allowing c ro s s  checks on sampl e s  from the s am e  rock by diffe rent m ethods on dif
fe rent mine ral s  whic h  r e spond diffe rently to pe rturbing influenc e s .  
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Geochemic al Dating - Damon- 5 

Pe rtinent data regarding g eo chemical ag e s  fo r c rystalline rocks in Ari zona are  
given in tabl e s  2 and 3 and the s ample locations are al so shown on figure 1 0 .  Alpha
l ead date s shown in table 3 have b e en dete rmined by the Petrology and Geochemi stry 
s e c tion of the U. S.  Geological Survey and the Department of T e r r e s trial Magneti sm 
of the C arnegie Institution of Washington ( T ilton and othe r s ,  1 9 5 7 ) .  T able 2 sum
marize s the Rb- Sr ( rubidium- s trontium) and K-A (pota s s ium- arg on) data available 
for c ry stalline rocks in Arizona. The ag e s  of sample s 1 1  through 14 wer e  dete r 
mined b y  the C arnegie g roup ( Aldrich and othe r s ,  1 9 57 ) .  The ag e s  o f  s ampl e s  1 
through 7 are  the fir s t  r e sults of an inte r -labo rato ry inve stig ation by Lamont G e o 
log i c al Obs e rvatory, C olumbia Unive r s ity and the Geochronology Laborator i e s  of 
the U nive r s ity of Arizona. T he mas s  spectrometric analys e s  were made by D r .  
B runo G iletti a t  Lamont. The argon analys e s  fo r s ampl e s  1 through 7 will not be  
available until after the completion of the G eochronology Laboratory g a s  s ourc e ma s s 
spectromete r .  

The K - A  and Rb - Sr ag e s ,  particularly the latte r ,  repre s ent a clo s e r  approxima
tion to the actual ag e of mine ral g ene s i s  that the alpha-lead date s .  The alpha -lead 
date s are s emi - quantitative in the ab s enc e of i sotopic checks on the pre sence of 
initial lead. Inve stigation to date ha s shown that the dominant pe rturbing influenc e 
i s  l ead los s .  Howeve r ,  the P re c ambrian alpha-lead date s shown i n  table 3 probably 
a r e  reliable minimum ag e s .  F o r  example ,  both mic a and zircon from the B ag dad 
g ranite we re analyz e d. The mica ( sample 1 2) yielded an ag e of 1 , 390 m. y.  ( mil 
lion year s )  by the Rb - S r  method and 1 , 4 1 0 m. y. by the K- A method. In contra st, 
the z i r c on ( sample 1 9 )  yielded an alpha-lead age of 6 7 5  m. y.  Howeve r ,  the Pb20 7 _ 

Pb2 0 6  i sotopic age of the z i r c on wa s 1 , 2 1 0  m .  y .  ( T ilton and othe r s ,  1 9 5 7 ) . The 
alpha- lead ag e wa s appar ently pe rturbed by lead l o s s and a reas onable c onclus ion 
is that both zircon and mica from the B ag dad g r anite we r e  formed about 1 , 4 0 0  m. y. 
ag o .  

T he pe rtinent fac to r  s that mu st be c on s ide red in evaluating the s ignifican c e  of 
the ag e data shown in table s 2 and 3 are l i s te d  b elow: 

1 .  Rb- Sr and K-A experimental e r ro r s  a r e  probably well within ± 5%, with the 
exc eption of sample s  3 and 6 .  Experimental e r r o r  for s ampl e s  3 and 6 i s  about 3 0 %  
s tandar d  deviation becaus e the r adiog enic strontium c ontent of sample 3 i s  only 0 . 4% 
and of s ample 6 ,  only o .  6 %  of  the total strontium c ontent. 

2. Alpha-lead date s fo r the P r e c ambrian zi r c ons are  probably minimal due to 
l ead lo s s .  

3 .  G eologic facto r s ,  such a s  the duration and po s sible multiplic ity of dia s 
trophic di sturbanc e s ,  weathering and alte ration, will affec t  chemical r elationship s 
within the mine ral s that compo s e  rock. Spec ific mine ral s  and spec ific chemical 
r elationship s within a given mine ral may r e spond diffe r ently to identical g e ologic 
c onditi on s .  

4 .  The ag e of the mineral s  c omposing a rock and the ag e o f  the rock itself are  
not nec e s saril y identical .  

5 .  The expre s s ion " the ag e of the ro ck" i s  a matte r of definition and it mu st 
be  spe c ifie d  whethe r it r efe r s  to the ag e of s e dimentation, diag ene s i s ,  mobilization 
o r  metamo rphi sm. 

1 7  



GEOLOGIC SIGNIFIC ANC E  OF DATED SAM PLE S 

The ag e s  listed in table s  2 and 3 are di s c u s s e d  briefly with r e spect to their 
g eolog ic environments .  

Sample s  1 ,  2 ,  and 1 1  r ep r e s ent mica separate s from a pegmatite,  gnei s s  and 

T able 2 :  Rubidium- strontium and pota s s ium- argon ag e s  of 

mine ral s epar ate s from igneous and m etamorphic rocks of Arizona 

Sample Typ e  of Rock 
numb e r  and Location 

1 P egmatite in Vishnu schi st,  
Kaibab T rail, G rand C anyon 

2 Migmatite zone in Vishnu schi st, 
B right Ang el T rail, G rand C anyon 

1 1  Gneis  s ,  
Z o roaste r  C re ek, G rand C anyon 

3 G r anite , 
U .  S. Highway 6 6 ,  near Valentine 

4 Diana g rani te ,  
Arizona Mag ma Mine,  C hloride 

5 Chl oride g r anite , 
1 / 2  mile north of Chlo ride 

1 2  Lawl e r  Peak g ranite ,  
B ag dad 

1 3  Pegmatite in Lawl e r  Peak g ranite ,  
B ag dad 

6 Y avapai s c hi st, 
P re sc ott 

14 Pegmatite , 
Wickenberg  

7 Oracle g ranite ,  
near C ampo B onito Mine , O racle 

Mine ral Rb - Sr ag e 
dated (m.  y . )*  

mus covite 1 , 5 50 

biotite 1 , 3 9 0  

mic a*** 1 , 3 7 0  

biotite 1 , 3 00** 

biotite 1 , 3 5 0  

biotite 1 , 2 1 0  

mica*** 1 ,  3 9 0  

mic a*�:C* 1 , 5 0 0  

biotite 49 0** 

mica)''<** 1 , 3 0 0  

biotite 1 , 4 5 0  

K - A  ag E 
(m.  y.  ) 

- -

- -

1 , 3 9 0  

- -

- -

- -

1 , 4 1 0 

1 ,  4 1 0  

- -

1 ,  1 60 

- -

Labora-
to ry 

Arizona-
Lamont 

Arizona -
Lamont 

C arnegie 
Ins t .  

Arizona -
Lamont 

Arizona-
Lamont 

Arizona -
Lamont 

C a rnegie 
Ins t. 

C a rnegie 
Ins t. 

Arizona-
Lamont 

C a rnegie 
Inst.  

Ari zona -
Lamont 

Note : F inal ab s olute c alib r ation of mas s spectrometric analys e s  for Arizona - Lamont 
Rb- S r  date s i s  not c omplete and the r e  may be minor c hang e s  in the final date s .  

* m.  y.  ( million yea r s )  
>',c* 3 0 % ;  s e e  text. 
*** exact mine ral identific ation not g iven 

1 8  

[ 

[ 

[ 

[ 

[ 

I 

[ 

I 

[ 

I 

I 

I 



l 
! f 
! 
! 
[ 
l 

I l 

migmatite zone,  r e spectively, c olle cted within a few mile s of the Phantom Ranch 
at G rand C anyon. The ag e spread i s  from 1 ,  370  mo y .  to 1 ,  5 5 0  m.  y .  Thi s  spread 
of 1 8 0  m.  y.  is  not a r e sult of expe rimental facto r s  alone b e c au s e  the two dete rmi
nations of the mus c ovite in sample 1 check clos ely and the r e  is exc ellent ag r e ement 
b etween Rb- S r  and K-A ag e s  fo r the mica s eparate f rom the gnei s s  ( s ample 1 1 ) .  
The ag e spr ead i s  probably due to mineralogic - g eologic inte r r elationship s which 
are impo s s ible to evaluate without further inve s tigation. 

The validity of the ag e g iven fo r the g ranite c ollected 3 5  mil e s  east of Chloride 
( sample 3) is open to que stion becau s e  the s ample had a low radiog enic s trontium 
c ontent . Nonethele s s ,  the data tend to c onfirm a probable P r e c ambrian ag e fo r this 
g ranite . Paleozoic rocks ove rlie similar-looking g r anite a few mil e s  no rth and east  
of the s ampled locality. 

Near C hloride , in no rthwe stern Arizona, a young e r  g ranite , c alle d  the Ithac a  
Peak g ranite b y  Thomas ( 1 949 ) and the C hlo ride g ranite b y  Ding s ( 1 9 5 1 ) ,  intrude s  
the olde r Diana g r anite ( Thoma s ,  1 9 49 ) . Ding s a s signed the young e r  g ranite a P r e 
c ambrian ( ? )  ag e and Thomas sug g e sted it might be Me s ozoic ( ? )  0 T he Rb - S r  method 
g ive s an ag e of 1 , 3 50 m. y.  for the Diana g r anite ( s ample 4) and an ag e of 1 , 2 1 0 m. y.  
for the C hloride g ranite ( s ample 5) . B oth rocks are P r ecambrian. Howeve r ,  the 
s ignific anc e of the diffe rence in the ag e s  c annot be dete rmined from the two Rb - S r  
date s alone . The ag e s  for the mica s eparate s from the s e  g r anite s a r e  young e r  than 
the ag e s  fo r the thre e  mica s eparate s from rocks of the G rand C anyon Vishnu s e rie s .  
T he s ig nific anc e of thi s differenc e  i s  al s o  not now known. 

The alpha -lead data on the zircon s eparate from the Bagdad g ranite ( s ample 1 9 )  
has alr eady b e en di s cu s s ed. It ha s been pointed out that the lead i sotopic ag e ( 1 , 2 1 0  
m .  y. ) i s  muc h  clo s e r  than the alpha-lead ag e ( 67 5  m .  y. ) to the Rb - S r  and K-A ag e s  

Sample 
Numbe r  

1 5  

1 6  

1 7  

1 8  

1 9  

T able 3 - Alpha -lead ag e s  of zircon s epar ate s 

from igneous and metamo rphic r ocks  of Arizona 

Alpha- Lead 
Rock type and Location (m .  y. ) 

G overnment C anyon g ranodiorite , 9 30 
P r e s c ott 

Quartz monzonite porphyry, 1 1 9* 
San Manuel 

Johnny Lyon g r anodiorite , 6 1 5  
Johnny Lyon Hill s ,  8 1 5  
east  of T uc s on 

Quartz diorite, 1 , 0 50 
J e rome 

G ranite , 6 7 5  
B ag dad 

*Appr oximate value ;  s e e  text 
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obtained for mic a s eparate s from thi s g ranite ( sample 1 2) .  The s e  Rb- Sr and K-A 
ag e s  a r e  al s o  clo s e  to tho s e  obtained for an intru s ive pegmatite from the same area 
( sampl e  1 3 ) .  The s e  ag e s ,  which rang e from 1 ,  39 0 m. y.  to  1 ,  5 50 m. y.  fall well 
within the 1 , 3 7 0  m. y. to 1 , 550  m. y. rang e fo r the Vi shnu s e r ie s at G rand C anyon. 

The lead-alpha date s for the Gove rnment C anyon g r anodio rite at P r e s c ott and 
the quartz dior ite at Je rome ( sampl e s  1 5  and 1 8 )  c onfi rm the Precambrian age of 
the s e  rocks . The c o r re c t  ag e is p robably s ignificantly g reate r .  The low ag e ob
tained fo r the biotite s eparate from the Y avapai schist  in the s ame area ( s ample 6) 
i s  not significant becau s e  the radiogenic strontium content wa s low. The Rb - S r  
ratio fo r thi s sample may have been influenc e d  by a ba s ic dike which cuts ac ro s s  
the s chist  in the road c ut from which thi s s ample was obtained. 

The apparent ag e of the mica separate from the pegmatite at W ickenberg ( sam 
ple 1 4 )  i s  s imilar to the apparent" ag e of the C hloride g ranite . 

The Rb - S r  ag e of 1 , 4 50 m . y .  fo r the O racle g ranite biotite separate ( sample 7 )  
fall s midway between the limits fo r the Vishnu s e rie s and confirm s the exi stenc e 
of an orog eny of " Vi shnu" ag e a s  far s outh a s  Tuc s on .  The alpha-lead date s fo r the 
z i r c on s eparate s from the Johnny Lyon g ranodior ite ( Silve r ,  1 9 5 5) ( sample 1 7 ) ,  
about 5 0  mil e s  east  of Tuc s on, sug g e st a s outhward exten s ion of thi s o rog eny. Thi s  
hypothe s i s  will b e  te s ted by Rb - Sr and K-A dating of the Johnny Lyon g ranodiorite ,  
the Pinal s chi st which occur s at  least as far s outh a s  the B i sbee ar ea, and the Al
tar s chist from C aborca, Mexic o .  

The alpha-lead data for the zircon s eparate from the quartz monzonite po r 
phyry a t  San Manuel ( sample 1 6) indicate s a Nevadan o r  Santa Luc ian ag e .  Howeve r ,  
i t  i s  only a s ingle determination, and i t  i s  difficult to evaluate its s ignificanc e b e 
c au s e  the zir c on wa s v e ry low i n  l e a d  c ontent ( David Gottfried, per s onal c ommuni
c ation, 1 9 59 ) .  

C ONC LUSIONS 

T he few g eo chemically dated sample s  available at thi s time tend to confirm the 
olde r Precambrian age  of W il s on' s Mazatzal r evolution. Aldrich, W ethe r ill and 
Davi s ( 1 9 57 )  appar ently demonstrate an e s s entially c ontemporaneous o r og ene s i s  
within the Rocky Mountain belt in N e w  Mexic o ,  C olorado and Wyoming . The extent 
of igneou s and metamo rphic rocks of thi s ag e ha s yet to be dete rmined. 

The p r e s ent data, however,  do not rule out the po s sibility of s everal clos ely 
spac e d  periods of o rog eny within the Mazatzal revolution. The r e  is ample time 
within the spread of from about 1 , 20 0 m. y.  to 1 , 550  m. y.  fo r two or mo r e  periods  
of o rog eny. The Paleozoic T ac onic and Ac adian revolutions of the Appalachian r e 
g ion o c cur r e d  within a pe r io d  o f  1 50 m.y .  On the we st c oa st, thr e e  orog enic periods ,  
Nevadan, Santa Luc ian and Laramide,  develope d within a sho rte r p e r iod of tim e .  
T he p r e s enc e of s imilar structural trends in appar ently s imilar rocks in diffe r ent 
a r e a s  i s  not sufficient evidenc e to limit their  defo rmation to a s ingl e  period of o r o 
g eny. On both the e a s t  and we s t  c oasts  o f  No rth Ame rica,  o rogeni e s  have develop e d  
along s imilar trends i n  differ ent areas  and a t  diffe r ent time s .  It will b e  diffic ult 
to date clos ely spac e d  o rogeni e s  in older P r ecambrian tim e s  becau s e  with the in
c re a s ing ag e s  of the orog enic perio d s ,  the relative ag e diffe renc e s  dec reas e and 
the influenc e s  of r elatively trivial pe rturbing facto r s  inc r e a s e .  Nonethele s s ,  the 
exi stenc e of clo s ely spac e d  olde r P r e c ambrian o rog eni e s  may eventually be demon
s trate d by c ombined g eolog ic , mine ralog ic and g eo c hemic al inve stig ations . 
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