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COMPOSITIONAL VARIATIONS 

OF THE CLIMACTIC ERUPTION OF MOUNT MAZAMA 

By Alexander R. McBirney* 

Mount Mazama, the ancestral mountain that now contains Crater Lake, is probably the best known of the 
Cascade volcanoes and illustrates better than any other the compositional variations that characterize the 
Quaternary rocks of the southern part of the range. As Wil l iams (1942) has shown, the volcano grew to 
its ful l height during a long period of eruption of uniform pyroxene andesite. In the later stages of its 
evolut ion, more siliceous andesites, dacites, and rhyodacites were discharged from a semicircular arc of 
vents around the northern slopes close to the present rim of Crater Lake. The composition of the lavas 
along this fissure varies systematically from rhyodacite and dacite along the central portion (LlaoRock and 
the Cleetwood and Redcloud flows ) to andesite at the two extremities (Hillman Peak and the Watchman 
on the west and Sentinel Rock on the east). At the same t ime, dacite domes were extruded near the east­
ern base and basaltic cinder cones broke out over a wide area, mainly around the lower northern slopes. 

The products of the great eruption that led to formation of the caldera closely resemble, at least in 
bulk composition, the contrasting rocks of the preceding stage. The rhyodacite pumice that makes up the 
first pumice fal l and most of the glowing avalanche deposits is very similar to the obsidian of the earlier 
domes along the northern arc of vents, whi le the basic hornblende scoria that was erupted at the close of 
the eruption closely resembles in its bulk chemical composition the basaltic lavas of the earlier satel l i te 
cones around the base. F inal ly , the volcano reverted to andesite lavas wi th the post-caldera act iv i ty 
that formed Wizard Island. 

Variations such as those in the products of the cl imact ic eruption of Mount Mazama have been r e ­
ported from other caldera-forming eruptions (Lipman and others, 1966; Katsui, 1963; Rittman, 1962), 
but none of these show the abrupt change from acid pumice to basic scoria seen at Crater Lake. The 
spectacular section of the glowing avalanche deposit at The Pinnacles (figure 1) shows the change especi­
ally w e l l . A sudden transition from whi te dacite pumice to dark brown hornblende scoria occurs w i th in 
a vertical distance of less than two feet. There is no evidence that this change marks a break in the con ­
tinuity of the eruption. The contrasting magmas must have been discharged continuously from a compo­
sitional ly inhomogeneous magma reservoir beneath the volcano. 

In order to relate the nature of this change to the eruptive sequence, analyses have been made of 
a series of samples of the a i r - fa l l pumice and glowing avalanche deposits. Two analyses were made for 
each sample, one of the bulk rock and another of its glass. The analyt ical results, recalculated on a 
water-free basis, are presented in table 1 and summarized graphical ly in f igure 2 . 

The most obvious conclusion to emerge from this data is that the gross features of the series are to a 
large degree the result of differences in the abundance and composition of phenocrysts; the variat ion in 
the glass is much smaller than that of the total rock. Total-rock S i 0 2 / for example, drops almost 15 per­
cent from the a i r - fa l l pumice to the basic scoria, whi le the glass in the same samples differs by only about 
6 percent. 

The crystal content varies widely from one sample to the next, but there is a much greater average 
abundance of crystals in the basic scoria than in the dacite pumice. The plagioclase of the pumice is 
mostly labradorite zoned to oligoclase; in the scoria i t is somewhat more basic - labradorite or bytownite 
zoned to andesine. In most pumice samples, hypersthene is the most common dark mineral , but augite is 
also present and hornblende is common. Pyroxenes are much less important in the basic scoria than is 
hornblende, which in some samples constitutes nearly half of the volume. Some of the hornblende crystals 

* Center for Volcanology, University of Oregon, Eugene, Oregon. 
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Figure 1 . The Pinnacles, Crater Lake National Park. 
View of glowing avalanche deposits in Sand Creek. Pumice was erupted at the 

later stages of the climactic eruption of Mount Mazama and changed composition abruptly 
from rhyodacite (light colored pumice in lower section) to crystal-rich hornblende scoria 
(dark colored layer at top of section). (Oregon State Highway Dept. photograph 5301.) 



Table 1 . Chemical composition of products of the climactic eruption of Mount Mazama. 

S i 0 2 

T i 0 2 

A l 2 0 3 

Fe 2 0 3 

FeO 

MnO 

MgO 

CaO 

N a 2 0 

K 2 0 

P2O5 

1 

72.07 

0.48 

15.04 

1.18 

1.39 

0.03 

0.28 

1.67 

5.07 

2.72 

0.06 

Jg 
73.65 

0.37 

14.52 

0.49 

1.52 

0.02 

0.22 

1.16 

5.08 

2.92 

0.04 

2 

70.71 

0.54 

15.00 

1.80 

1.05 

0.04 

0.55 

2.40 

5.07 

2.77 

0.08 

2g 

72.70 

0.49 

14.48 

1.12 

0.84 

0.03 

0.31 

1.78 

5.10 

3.09 

0.06 

3 

70.25 

0.58 

15.21 

2.08 

1.14 

0.07 

0.61 

2.33 

4.93 

2.68 

0.11 

3g 

71.82 

0.49 

15.07 

1.33 

0.89 

0.06 

0.44 

1.91 

5.02 

2.89 

0.07 

4 

69.70 

0.57 

15.46 

2.09 

0.94 

0.04 

0.61 

3.00 

4.87 

2.65 

0.08 

4g 

72.30 

0.51 

14.46 

-

2.20 

0.02 

0.32 

1.45 

5.63 

3.05 

0.06 

5 

57.36 

1.05 

18.46 

3.58 

2.80 

0.08 

3.71 

7.17 

4.18 

1.30 

0.30 

5g 

67.89 

0.67 

16.08 

1.79 

1.62 

0.07 

0.87 

3.29 

5.21 

2.24 

0.25 

6 

56.53 

0.76 

19.96 

2.78 

2.82 

0.15 

3.80 

8.29 

3.84 

0.99 

0.07 

6g_ 

67.25 

0.81 

16.74 

1.36 

2.31 

0.07 

1.03 

2.80 

5.41 

2.04 

0.19 

1 . Earliest air-fall pumice 
2. Basal pumice deposit in Sand Creek 
3. White pumice 15 feet above the creek bed at The Pinnacles 
4. Gray pumice 25 feet above the creek bed at The Pinnacles 
5. Dark basic scoria 35 feet above the creek bed at The Pinnacles 
6. Dark basic scoria at top of section at The Pinnacles 

NOTE: All analyses recalculated on water-free basis. For each sample the composition is given for the total rock 
and glass (indicated by 'g ' ) . (Analyses by Ken-ichiro Aoki, Tohoku University, Japan.) 
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Figure 2 . V a r i a t i o n o f major e lements i n the e jec ta of the c l i m a c t i c e rup t ion 

o f Moun t M a z a m a . O x i d e w e i g h t percent on a w a t e r - f r e e basis is p l o t t ed 

against the approx imate s t ra t ig raph ic pos i t ion o f the sample in the sect ion 

at The P innac les . Broken l i ne refers to t o t a l - r o c k and so l id l i ne to glass. 

c o n t a i n small grains o f o l i v i n e . 

There is no ev idence o f resorpt ion of the crysta ls o f e i ther u n i t , a l though some of the p lag ioc laseof 

the d a c i t e pumice is ex t reme ly porous and resembles that o f p a r t i a l l y fused p lu ton ic xeno l i ths that were 

among the debr is d ischarged toward the c lose o f the e rup t ion (Tay lo r , 1967) . 

The compos i t iona l d i f fe rences o f the glass f r a c t i o n s , even though they are less marked than those of 

the to ta l rock analyses, are s i g n i f i c a n t . They appear to requ i re moderate ly strong v e r t i c a l zon ing of the 

l i q u i d in the magma chamber before the e r u p t i o n . Passing downward to deeper levels in the chamber , 

there was a decrease o f s i l i c a and a l k a l i s and an increase o f c a l c i u m , i r o n , and magnesia. The greatest 

par t o f this v a r i a t i o n was compressed w i t h i n a narrow v e r t i c a l i n te rva l corresponding to the v i s i b l e trans­

i t i o n f rom w h i t e d a c i t e pumice to dark basic s c o r i a . 

An in te res t ing fea ture of this v a r i a t i o n is the reversal of slope that is seen in the va r i a t i on curves 

for S i 0 2 , A I 2 O 3 , C a O , N a 2 0 , and K 2 O . These i n f l ec t i ons are con f i ned to the glass and do not appear 

in the cor responding bu l k compos i t ions . The complementary nature o f the S i 0 2 and A ^ O n and of the 

C a O and a l k a l i s suggests that the t rans i t ion zone may have been d i f fus ion con t ro l l ed and re la ted in some 

way to the e q u i l i b r i u m re la t ions o f each l i q u i d to p l a g i o c l a s e . It is c l e a r , of course, that many factors 

such as temperature and pressure g rad ien ts , d i s t r i bu t i on o f w a t e r , and r e l a t i v e movement o f crystals and 

l i q u i d must have i n f l u e n c e d the compos i t iona l v a r i a t i o n s , but our meager knowledge of the ef fects o f these 

factors on the phys ica l and chemica l behav ior o f s i l i c a t e l iqu ids rules ou t a bet ter i n te rp re ta t i on at this 

t i m e . 
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