
U . S .  DEPARTMENT OF THE INTERIOR 

U . S .  GEOLOGICAL SURVEY 

preliminary geochemistry of volcanic rocks from the McHugh Complex and 
Kachernak terrane, southern Alaska 

by 

Steven W. ~elson' and Charles D. Blorne 2 

Open-File Report 91-134 

This report is preliminary and has not been reviewed for conformity with 
U.S. Geological Survey editorial standards (or with the North American 
Stratigraphic Code). Any use of trade, product, or firm names is for 
descriptive purposes only and does not imply endorsement by the U.S. 
Government. 

l~nchora~e, Alaska 

2~enver, Colorado 





pre l iminary  geochemistry of vo lcan ic  rocks from t h e  McHugh Complex and 
Kachemak t e r r a n e ,  southern Alaska 

by 
Steven W. Nelson and Charles  D .  Blome 

In t roduc t ion  

I n  southern  Alaska, between Anchorage and t h e  southern  ~ e n a i  pen insu la  
( f i g .  1) a r e  two b e l t s  of Mesozoic age t h a t  make up t h e  Chugach t e r r a n e  
(Jones and o the r s ,  1 9 8 1 ) .  One is  a  landward belt t h a t  c o n s i s t s  of a  
d i scont inuous  melange named t h e  McHugh Complex (Clark, 1973; Cowan and 
Boss, 1978) and t h e  o t h e r  a  seaward belt of Late  Cretaceous t u r b i d i t e s  
(Valdez Group). These b e l t s  comprise a small  p a r t  of what may be t h e  
best preserved,  most complete p a i r e d  belts of melange and t u r b i d i t e s  i n  
t h e  world. The belts ex tend  f o r  more than  2,000 km a long  t h e  Gulf of 
Alaska margin from sou theas t e rn  Alaska on t h e  e a s t  t o  nea r  t h e  t i p  of 
t h e  Alaska Peninsula  on t h e  w e s t  (P l a fke r  and o t h e r s ,  1977) .  Ea r ly  
workers (Clark, 1973; Moore and Connelly, 1977) sugges ted  t h a t  t h e  
melange belt  was produced by t e c t o n i c  processes  i n  a  subduct ion zoce. 
More r ecen t  s t udy  sugges t s  t h e  a d d i t i o n a l  p rocess  of s u r f i c i a l  mass 
was t ing  f o r  t h e  fo rma t t i ng  of c o r r e l a t i v e  melange on Vancouver I s l a n d  
(Brandon, 1989a, b)  . 

On t h e  southern  Kenai Peninsula  the  Seldovia Bay complex was c o r r e l a t e d  
wi th  t h e  McHugh Complex i n  t h e  t ype  a r e a  nea r  Anchorage (Cowan and Boss, 
1978) .  However, Jones and o t h e r s  (1981, 1984, 1987) subdiv ided  t h e  
Seldovia  Bay complex i n t o  two uni ts-- the McHugh Complex of t h e  Chugach 
t e r r a n e  and t h e  Kachemak t e r r a n e .  They de f ined  t h e  Kachemak t e r r a n e  a s  
a fault-bounded block of T r i a s s i c  c h e r t  and b a s a l t  between t h e  
Pen insu l a r  and Chugach t e r r a n e s .  

Recent f o s s i l  s t u d i e s  sugges t  t h a t  t h e  T r i a s s i c  age of t h e  Kachemak 
t e r r a n e  i s  t o o  r e s t r i c t i v e .  Blome and o t h e r s  (1990 and unpubl ished 
d a t a )  i n d i c a t e  t h a t  t h e  Kachemak t e r r a n e  con ta in s  T r i a s s i c  and younger 
c h e r t s  s i m i l a r  t o  t h o s e  found i n  t h e  McHugh Complex (Winkler and o t h e r s ,  
1981; Nelson and o the r s ,  1987) .  

Throughout southern  Alaska, t h e  melange of t h e  McHugh Complex i s  
composed of s l a b s  and b locks  (up t o  40 km long)  of va r ious  rock types  
such a s  c h e r t  and b a s a l t ,  u l t r a m a f i c  rock, marble, and s c h i s t .  These 
l i t h o l o g i e s  a r e  in te rmixed  i n  a  deformed a r g i l l a c e o u s  ma t r ix .  
pa l eon to log ic  and r ad iome t r i c  ages  of t h e  b locks  range i n  age from l a t e  
Pa leozoic  t o  mid-Cretaceous (Nelson and o t h e r s ,  1986, 1987; Blome and 
o the r s ,  1990) .  

Seve ra l  source  t e r r a n e s  have been proposed f o r  t h e  b locks  i n  t h e  
melange. P l a f k e r  (1987) suggested t h a t  t h e  melange c o n t a i n s  e x o t i c  
b locks  de r ived  from t h e  Wrangel l ia  t e r r a n e .  Winkler and o t h e r s  (1984), 
based on f o s s i l s  and r ad iome t r i c  ages ,  suggested t h a t  t h e  Pen insu l a r  
t e r r a n e  was a  l i k e l y  source .  The l i t h o l o g y  and geochemistry of t h e  



McHugh Complex, in the central Valdez quadrangle, along the Trans Alaska 
Pipeline suggests an origin as an as~emblage of tholeiitic oceanic 
basalt mixed with minor amounts of clastics derived from an active arc 
sources (Plafker, Noklehrg, ahd Lull, 1989). In the western Valdez 
quadrangle the McHugh is characterized by exotic blocks derived from the 
Peninsular and Wrangellia terranes (Winkler and others, 1981). Brandon 
(1989b), in examining a similar melange in British Columbia, determined 
that the igneous rocks in the melange could not have been derived from 
subducting oceanic crust or the overriding Wrangellia terrane, but 
instead are derived from the unconformably underlying Ucluth Formation 
of Late Triassic to Early Jurassic age. Triassic chert/basalt found in 
the HcHugh Complex suggests the possibility of some input from the 
Kachemak terrane. Clearly the igneous rocks from the melange vary 
compositionally and may therefore provide important information on 
possible source terranes. 

Purpose 

Previous studies of the melange have focused on structural and 
paleontologic aspects. Only a few workers have published geochemical 
data of the igneous rocks from the melange or its correlative units 
(Hill, 1979; Luchstti and others, 1984; Plafker, Nokleberg, and Lull, 
1989; Brandon, 1989a) and little geochemical data exists for igneous 
rocks from or near the type area. This paper presents a suite of 
analyses (Table l), from the Kenai Peninsula area, of volcanic rocks 
from the melange and compares the composition of the McHugh complex 
volcanic rocks in Turnagain Arm and southern Kenai Peninsula with 
published analyses of volcanic rocka form the McHugh and its correlative 
units in Alaska and Vancouver Island and the Kachemak terrane. 

The geochemistry of volcanic rocks from the Kachemak terrane are also 
compared with those from the McHugh Complex to see if there is any 
similarity in composition as suggested by the similar age range of 
cherts associated with basalt from the McNugh Complex. Compositions of 
igneous rocks from suggested source terranes such as Wrangellia (Nikolai 
Greenstone) and Peninsular terranes (Shuyak and Talkeetna Formations) 
are also compared to determine whether or not they contributed blocks to 
the melange. In 1989, additional samples of basalts for chemical 
analyses and cherts for fossil determinations, were collected for future 
follow-up reports (C. D. Blome, D. Bradley, and S. K. Karl, oral 
cormnun., 1989) . 

Geochemical Results 

Table 1 presents the chemical analyses and a brief petrographic 
description of eight volcanic rock samples. One sample is andesite from 
the type area of the McHugh Complex in Turnagain Arm (fig. 1) and four 
samples are of basalt from the Kachemak terrane. 

These samples were collected at the same time as associated chert 
samples for a paleontologic study described by Blome and others (1990). 
Three of the volcanic samples are not associated with dated 
fossiliferous chert (Table and fig. 1). The sample from Turnagain Arm 
was collected from a road cut section containing Late Jurassic and Early 



Cretaceous cherts (Nelson and others, 1986). Three o f  the Kachemak 
terrane samples were in depositional contact with dated chert. Analyses 
of the undated samples from the McHugh Complex correlate well with 
analyses of basalts from the McHugh Complex in the Valdez Quadrangle 
(Plafker and others, 1989) and Kodiak Island (Uyak Complex of Hill, 1979 
(figs. 4-6). 

The degree of hydrothermal alteration and metamorphism of rocks is 
important to determine for any geochemical study. To minimize any 
secondary influences only fresh-appearing samples were collected. The 
cores of pillow basalts were analyzed to minimize the effect of contact 
with sea water, and obvious veins or amygdules were discarded during 
collection. petrographic observations (Table 1) indicated good igneous 
textures and primary mineralogy. Only a small amount of secondary 
minerals are present, suggesting that secondary influences are minor. 
Zr/Hf rations are moderately consistent (avg. 39) and range within the 
values for unaltered rock (Wood and others, 1979). Using the fresh vs. 
altered curve for young basalts of Miyashiro (1975) only one (87 An8 
17A)  of the eight samples plots in the altered field indicating a loss 
of K2O. 

Major Oxides (values in text recalculated volatile free) 

Except for one sample of andesite (63% Si02), the rocks are classified 
as basalt or Hawaiite with most falling into the alkalic field (fig. 2 ) .  
The Triassic samples from the Kachemak terrane are moderately well 
grouped (46-50% SiOZ) as are the McHugh Complex samples (48-51% Si02). 
The Kachemak terrane samples are richer in alkalis than the samples from 
the McHugh Complex (fig. 2) . 
On the AMF plot (fig. 3) all the samples fall near the boundary between 
the calc-alkaline and tholeiitic fields. The andesite from Turnagain 
Arm is calc-alkalic as are two of the Triassic basalts. The McHugh 
Complex samples are less alkalic than samples form the McHugh Complex in 
the Valdez quadrangle (PLafker, Nokleberg, and Lull, 19891, although 
there is some overlap with reported analyses from basalts of the Uyak 
Complex on Kodiak Island (Hill, 1979). The Kachemak terrane samples do 
not correlate well with Triassic samples form either the Peninsular or 
Wrangellia terranes or the Ucluth Formation. The Nikolai Greenstone 
(and equivalent rocks) of the Wrangellia terrane shows the most 
similarity (fig. 3)  with our samples from the McHugh Complex. 

Rare Earth Elements 

Chondrite-normalized rare earth element ( W E )  abundances show two 
distinct groups (fig. 4 a ) .  One grouping is represented by three samples 
from the Kachemak terrane and one sample from the McNugh Complex. These 
four samples are strongly light rare earth (LREE) enriched (La 24-115x 
chondrite) and have no Eu anomaly. This pattern is similar to analyses 
of basalts from several settings, including island arc and oceanic 
island (Wilson, 1989) . 
Four samples from the McHugh Complex make up the second grouping. These 
samples have flat to slightly convex upward patterns (La 5-12x chondrite 



and overall abundances between 12-22x chondrite) and no Eu anomaly. 
This pattern is similar to MORB. RPE abundances reported (fig. 4b) for 
samples of the McHugh Complex (Plafker and others, 1989) and the Uyak 
Complex (Hill, 1979) have REE distributions similar to group two. 

REE abundances from Wrangellia samples reported by Davis and Plafker 
(1985) have a LREE enriched distribution (fig. 4b). The Triassic Shuyak 
Formation on Kodiak Island (Peninsular terrane) can be divided into s 
LREE enriched group (broadly similar to Wrangellia samples) and a 
strongly LREE depleted group (Hill, 1979). The Early Jurassic Talkeetna 
Formation of the Peninsular terrane has REE abundances (F. Barker, 
written comun. 1990) similar to group two of the McHugh Complex and 
weak to moderate LREE enrichment. 

Discrimination Diagrams 

Several types of variation diagrams have been proposed to aid in the 
discrimination of the tectonic environment for generation of various 
basalts (Pearce and Cann, 1973; Wood, 1980; Wood and others, 1979). The 
boundaries for some of the tectonic environments have been found to be 
artificial (Wilson, 1989) or ambiguous (Coleman, 1977) with some 
environments overlapping others (Pearce and Cann, 1973: Wood, 1980; 
Barker and others, 1989). Despite the shortcoming8 recognized for some 
of these diagrams, they are still useful when combined with other 
geologic knowledge for comparison and tectonic interpretation. In this 
study they are also useful for chemically comparing volcanic rocks from 
the McHugh Complex with volcanic rocks from poasible source terranes, 

Figure 5 displays La/Ta variation for the eight samples and two groups 
can be identified. Group one has La/Ta<l4. These samples correspond to 
basalts from the Kachemak terrane and one from the McHugh Complex and 
plot in the E-MORB region. Rocks of the McHugh Complex comprise group 
two and plot in the N-MORB region corresponding to L a / ~ a  of 15-30. 
Overall La and Ta values are less than group one. Other analyses of 
L a / ~ a  form the Uyak Complex (Hill, 1979) on Kodiak Island and from the 
McHugh Complex in the Valdez quadrangle (Plafker and others, 1989) are 
similar to the group two values corresponding to N-MOM. 

La/Ta values reported from possible source terrane rocks vary. The 
Early Jurassic subduction-related Talkeatna Formation has La/Ta-48 (F. 
Barker, written comrnun., 1990). Two analyses from the Triassic Shuyak 
Formation (Hill, 1979) plot in the N-MORB field and have higher La and 
Ta values than group two. The small number of analyses from this unit 
make comparison inconclusive. ~ a / ~ a  for ~rangellia samples (Davis and 
Plafker, 1985) are intermediate between group8 one and two with the 
majority of samples plotting in the E-MORB field. 

The McHugh Complex samples plot in several tectonic settings on the Th- 
Hf-Ta discrimination diagram (fig. 6). Three samples plot in the N-MORB 
field (fig. 6) and correlate well with analyses from McHugh Complex 
samples form the Valdez Quadrangle and less well with analyses of rocks 
from the Uyak Formation. The other two McHugh Complex samples plot in 
overlap fields between N-MORB/E-MOW or E-MORBIWithin Plate settings. 



Analyses  of  rocks  form t h e  Kachemak t e r r a n e  p l o t  i n  s e v e r a l  o v e r l a p  
f i e l d s  ( f i g .  6 ) .  One sample p l o t s  i n  t h e  N-MORB/E-MORB r e g i o n  and  t w o  
i n  t h e  o v e r l a p  between E-MORB/WP s e t t i n g .  Analyses  of o t h e r  ~ r i a s s i c  
u n i t s  p l o t  i n  t h e  E-MORB r e g i o n  b u t  do no t  c o r r e l a t e  w e l l  w i t h  t h e  p l o t  
of  Kachemak t e r r a n e  r o c k s .  

Samples from proposed s o u r c e  t e r r a n e s  f o r  b l o c k s  i n  t h e  McHugh Complex 
p l o t  ( f i g .  6 )  e i t h e r  a s  E-MORB (Shuyak Formation and W r a n g e l l i a )  o r  a r e  
s u b d u c t i o n  r e l a t e d  (Ta lkee tna  F o r m a t i o n ) .  None of t h e s e  a n a l y s e s  
c o r r e l a t e  w e l l  w i th  a n a l y s e s  form t h e  McHugh Complex o r  Kachemak 
t e r r a n e .  

The geochemical  r e s u l t s  s u g g e s t  s e v e r a l  impor tan t  c o n c l u s i o n s :  

1. Chemical  c r i t e r i a  may be  s u c c e s s f u l  i n  d i s t i n g u i s h i n g  b a s a l t s  from 
t h e  McHugh Complex from b a s a l t s  from t h e  Kachemak, W r a n g e l l i a ,  and 
p e n i n s u l a r  t e r r a n e s .  

2 .  Geochemistry of samples from t h i s  s t u d y  do  n o t  show an a r c  a f f i n i t y  
f o r  b a s a l t s  from t h e  McHugh Complex o r  t h e  Kachemak t e r r a n e .  

3 .  B a s a l t s  from t h e  McHugh Complex a p p e a r  t o  be c h e m i c a l l y  most  s i m i l a r  
t o  MORB. A few samples show chemical  s i m i l a r i t y  w i t h  e n r i c h e d  MORB 
s u g g e s t i n g  o c e a n i c  i s l a n d s  formed i n  an  o f f - a x i s  s e t t i n g .  

4 .  B a s a l t s  from t h e  Kachemak t e r r a n e  are s t r o n g l y  s i m i l a r  t o  E-MORB and 
a l k a l i c  w i t h i n  p l a t e  b a s a l t s  conf i rming  a n  e a r l i e r  i n t e r p r e t a t i o n  
( L u c h e t t i  and o t h e r s ,  1984) t h a t  t h e s e  r o c k s  formed a s  o c e a n i c  
i s l a n d s .  
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Figure 2. TOW alkehs vs. dica diagram (recalculated voiitala free) for samples from thm McHu~h 

Complex and Kachemak terran. Nanmclature after Cox and others (1979). 
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Figure 3. AEW diagram of #.mplos from MuXugh Complex, Shabrtnak tarrane, and pornsibla sourem tosraneo. 
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Widdla or btr Xrirrsic (khi8 nport) 

Penin.ul8 .r  terrmr 
0 Early Jur.8sSc Talkeetna Fm. avg. (Bsrkcr and G r m t z ,  1982) .-. . : - Ttia8mia Shuyak Fornutien (Hill, 1979) ...* 

Wrangallia tasruro 
Upper Triaanic Nikolai Gr-#tone and Chilkaf  Peninsula 

f .  J 
metobanalt (Davis and Plafker, 1985) 
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La Ce Nd Sm Eu Gd t b  DY fm ~b Lu 
Chondrite-normalira8 AEE dictributions. a) Srmploo from the MeEugh Complex and 

Kachemak terrane (normalizing factorn shown-this report). b) Samples from other units and 

possible source terranes. 
Explanat Ion 

ehugach tsrrane 

Maugh Conrplax 
.C Unknown age (thi6 report) 

0 Late Suraecic and E a l y  Crotaeaous (this repork) 

oyak F0~11l~tion a Kedirk Xsl~nd camplrc (Hill, 1979) 
X8chaak trrrlna 

A Latr Iriaccie to Early Cretacsoun (this report) 

Middle or Late Triassic (this report) 

Peninsular tcxrmr 
*+* +++++ Early Jurassic Talkeetna Fcm. (Barker and Grantz, 1982) 

a Triassic Shuyak Formation (Hill, 1979) 
Wrangellia terrme 

-, Upper Triassic Nikolai Greenstone and Chilkat Peninsula 

metabaaalt (Davi. and Plafker, 1985) 



Figure 5 ,  La-Ta va r i a t ion  diagram of smp1.r from MoHugh Complex and Kaohemak t e r rane  and 

possible  mourua tszranes .  Calc-alkalinm bra r l t - i s l and  arm t h o l a i i t e  (CAB-TAT), normal 
mid-ocean r id@ basalt: (N-MORB), and mnriabed-WQRB (E-MORB) f i e l d a  a f t e r  Wood and 

others  (1979). 

Chugach t e r rane  

MeHugh and Scldovia Bay Complexao 
+ Unknown age ( th io  repor t )  
0 Late Jur8mclC m d  Early Cretaceous (this report) 

a Valdsz quad. # q l a s  (Plnfker and others,  1989) 

Uyak Formation a ~ o d i a  ~ e 1 - d  srmplaa  ill, 3979) 

A Lrtr T r i u r i a  t o  Early Crr fawcwn I th i8  report) 

A Middle o r  Lato Tr iass ic  ( th io  repor t )  

Peahmlar tarrw 

0 Early  Ju raaa ic  Talkertna Fm. rvg. (Barker and Grante, 1982) 

) T r i a r s i c  Shuyak Formation (Hi l l ,  1979) 

- Upper T r i a s s i c  Nikolai Greenstone and m i l k a t  Peninrcula 

(h ' matabasalt (Davis and Pl i fke r ,  1985) 



Figure  6 .  Bf-Th-Ta v a r i a t i o n  d i a g r ~ m  f o r  samples from the Mdugh Complcx and Kachsmak t e r r a n e  

( t h i s  r epor t )  and poss ib l e  source Certanes. Calc-alkaline (a), a r c  t h o l e i i t e  (AT), 

normal-ocean f l o o r  b a s a l t  (N-MORE), enriched-ocean f l o o r  basa l t /wi th in-pla te  t h o l e i t t e  

(E-MORB), and a l k a l i c  within-plate b a s a l t s  (WP) f i e l d s  (dashed l i n e r  are over lap  

f i e l d s )  a f t e r  Wood (1980) . 
Explanation 

Chugach t e r r a n e  

Mdugh Complex 

+ Uaknom age ( th in  report) 

0 Late  Jurrsslc and Ear ly  Cretaceous ( t h i s  report) 

Val&% qurd. oirnrpl.6 (Plafker and others ,  1989) 

Uyak Fomat ion  

X Kodiak I s l a n d  oampleo ( H i l l ,  1979) 

U a h d  terraria 
Late T x i s a ~ i c  t o  Ea t ly  Cretaceous ( t h i s  r e p o r t )  

A Middle o r  Late Tr iaoaic  ( t h i a  repor t )  

Peninsular  t e r r r n e  

0 E a t l y  Jura~sic Talkaatna Fm. rvg. (Barker and Grantz, 1982) 

T r i a s s i c  Shuyak Formation (B i l l ,  1979) 

Wrangellia terrme 
Upper T r i a s s i c  Nikolai  Grsenttone and Chi lka t  Peninsula 

metabasalt  (Davis and Plafker ,  1985) 





Table 1.--Major oxide and minor element compositans, and petrographic observations of volcanic rocks 
from the McHugh Complex and Kachemak terrane 

Chemical Analyses L/ Weight % 

Sample 85Ans3A 87AnsllA 87Ans12B 87Ans13A 87Ans15A 87Ans17A 87Ans18A 87SK13 

u n i t  2/ MC MC ~t ~t MC MC MB ~t 
age assoc. L.Jur/E.K unk L.Tr - E.J. L.Tr. unk unk E.K(?) M. O K  L.Tr. 

Minor Elements ppm 
INRA - 

X-Ray Spectroscopy ppm 


