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Abstract. Chabbi, a Quaternary volcano in the Ethiopian Rift, appears to be unique in having 
erupted only non-porphyritic pantelleritic obsidians showing a very restricted range in com- 
position. Petrogenetic schemes for deriving these lavas are discussed, and it is suggested that 
some degree of effective superheating, followed by failure of the magmas to crystallise because 
of their dryness (and hence high viscosity) can account at least for the absence of phenoerysts. 

Introduction 

The volcano Chabbi (Lat. 7 ~ 10' N, Long. 38027 ' E) is one of a series of Quaternary 
peralkaline siticic eentres lying within the Main Ethiopian gift .  This active vol- 
cano was not recognised as such until 1959 and the only account of the centre 
is by Mohr (1966), who showed Chabbi to be a shield-like mass of silieic obsidian 
flows. One of us (I.L.G.) visited Chabbi briefly during the summer of 1967 and 
made the additional field observations noted below while collecting a small suite 
of samples. 

Field Relations 

The field relations and tectonic setting of Chabbi have been described by Mohr, 
who was correct in stressing the complexity of tiffs centre. There are several 
separate vents (Fig. 1) each of which is fairly steep-sided, and which coalesce to 
give a dome-shape to the volcano. There is almost no dissection of Chabbi, and 
the total thickness of flows is not known. I t  is possible that  the volcano is a 
basaltic shield veneered with rhyolite, but we consider this extremely unlikely. 
Judging from the relative states of erosion of the various vents and from the 
amounts of pumice cover, the volcanic activity can be estimated to have con- 
tinned over several thousands of years. 

Mohr (1966) drew attention to one very important facet of the geology, namely 
that  all the flows examined and sampled in the field are non-porphyritic obsidians. 
Although an extensive search was made, no porphyritic flows were found. Cer- 
tainly the visible lavas from the Main, East, Northeast, North and Hot  Cone 
eentres of Mohr (1966) are all non-porphyritic, while reconnaissance suggests 
that  those from the West centre are similar. Pumice layers between the lavas, and 
rhyolite fragments in the pyroclastie units, also appear to be aphyrie. 

The non-porphyritic character of the lavas is not typical of silieic peralkaline 
centres in the Ethiopian Rift. Fantale (Gibson, 1967) and the Gariboldi Pass com- 
plex (Cole, 1968), the only other two centres examined in any detail, are composed 
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Fig. 1. Outline map of Chabbi 
volcano, after 1V[ohr (1966). The 
area of Quaternary obsidians is 
shown stippled, and also indicated 
are the major eruptive centres and 
the sample localities 

predominantly of porphyritic lavas and tufts, with pure obsidians comprising 
probably less than 5 % of the total  effusive products. Reconnaissance suggests tha t  
other Rift  centres are comparable to Fantale in this respect. 

In  view of this unusual characteristic of the Chabbi lavas, an a t tempt  was made 
to assess whether the peculiar composition of the lavas had in any  way hxfluenced 
the character of the volcanism. 

As stated by  Mohr (1966), the vast  majori ty  of the products of this centre are 
normal silicic flows. These typically are 10--20 m thick, with steep, sharp flow- 
terminations, and rough uneven upper surfaces. These features indicate tha t  the 
magma on eruption was viscous. I t  has recently been suggested (Schmincke and 
Swanson, 1967) tha t  peralkaline lavas such as these might be unusually fluid on 
account of the high alkali and low alumina contents. We wish to stress tha t  the 
field evidence from this centre hldicates tha t  the viscosity of these flows was, on 
eruption, similar to tha t  of many  calc-alkaline obsidians, such as those from 
central Iceland (Walker, 1965). 

Associated with the obsidian tavas are intercalated beds of air-fall tufts a n d  
agglomerates. No ash-flow tufts have been identified with certainty. The units 
described by  Mohr (1966, p. 12) as pyroclastic " f lows"  are more readily explained 
as normal viscous silicie flows veneered by  airfall pumice. 

There appears to be a relative scarcity of pumice deposits associated with the 
obsidians, and many  eruptions had virtually no explosive phase. A similar situa- 
tion exists at Fantale, and we suggest tha t  this indicates low volatile contents of 
the magmas.  The significance of this is discussed later. 
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Table. Analyses of non-porphyritic pantdleritic obsidians from Chabbi volcano. Sample localities 
are shown in Fig. 7 

1 2 3 4 5 6 7 8 11 12 13 

Si02 74.4 74.4 a 74.2 74.3 74.3 74.3 73.8 74.0 74.1 74.9 74.8 
ZrO 2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.24 0.24 0.25 
TiO 2 0.35 0.27 0.27 0.26 0.27 0.27 0.26 0.27 0.29 0.27 0.28 
AI~O a 9.42 9.41 9.40 9.35 9.44 9.48 9.54 9.46 9.62 9.46 9.69 
Fe20 ~ 1.77 1.65 1.74 1.28 1.61 1.79 1.73 1.91 1.76 1.53 1.61 
FeO 2.88 2.90 2.90 3.34 2.82 2.90 2.97 2.65 2.84 2.87 2.92 
MnO 0.22 0.21 0.21 0.22 0.21 0.20 0.23 0.21 0.22 0.22 0.22 
MgO 0.16 0.13 0.15 0.20 0.12 0.16 0.19 0.23 0.20 0.17 0.14 
CaO 0.20 0.24 0.21 0.20 0.28 0.18 0.23 0.25 0.20 0.20 0.30 
�9 Na20 5.33 5.49 5.23 5.66 5.29 5.52 5.62 5.42 5.53 5.49 5.53 
]I~O 4.29 4.39 4.26 4.44 4.39 4.48 4.43 4.41 4.37 4.47 4.38 
tt~O + 0.47 0.41 0.40 0.32 0.36 0.31 0.49 0.30 0.29 0.40 0.37 
F 0.25 0.25 0.24 0.25 0.23 0.23 0.25 0.25 0.25 0.25 0.24 
C1 0.16 0.16 0.16 0.17 0.16 0.16 0.17 0.16 0.16 0.16 0.16 

O ~ F ,  C1 
Total 

100.05 100.16 99.62 100.24 99.73 100.23 100.16 99.77 100.07 100.63 100.89 

0.15 0.15 0.14 0.15 0.14 0.14 0.15 0.15 0.15 0.15 0.14 
99.90 100.01 99.48 100.09 99.59 100.09 100.01 99.62 99.92 100.48 100.75 

Q 34.3 34.1 34.1 33.9 34.4 33.5 32.9 33.3 33.1 34.5 33.7 
Or 25.6 26.1 25.6 26.1 26.1 26.7 26.1 26.1 26.1 26.7 26.1 
Ab 24.1 23.6 24.1 23.6 23.6 23.6 24.1 24.1 24.6 23.6 25.2 
Ac 5.1 5.1 5.1 3.7 4.6 5.1 5.1 5.5 5.1 4.2 4.6 
Ns 3.3 3.8 3.1 4.4 3.4 3.8 3.8 3.3 3.5 4.0 3.5 
Hy 5.5 5.4 5.5 6.4 5.3 5.5 5.9 5.4 5.5 5.5 5.5 
I1 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
Z 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
CaF 2 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4 0.3 0.3 0.4 
H1 0 . 3  0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

a SiO2 by difference. Samples all dried at  105 ~ C. P205 in all samples<0.05%.  Analysts: 
R. MacDonald and S. A. Malik (SiO~, F, C1). 

Analytical Data 
Eleven analyses of non-porphyritic, non-hydrated obsidians are given in the 
Table. Chemically the rocks are transitional between comendites and pantellerites 
(Noble, 1968), but  using the arbitrary division between these groups established 
by Laeroix (1927) and adopted by Noble (1968) namely, 12.5% normative remit 
constituents, the Chabbi lavas are classified as pantellerites. The analysed speci- 
mens are thought to be representative of all the flows of the volcano, and it is 
therefore striking that  these flows have virtually identical compositions. 

Origin of the Chabbi Lavas 
Two features of the Chabbi flows are particularly interesting petrogenetically. 

1. I t  is clear from the Table that  the composition of the Chabbi obsidians, 
erupted probably over several thousands of years, has remained virtually con- 
stant. 

2. There appears to be a complete lack of phenocryst minerals. 
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In  conventional terms, these features are difficult to reconcile. Liquids formed 
by/fact ional  crystallisation should contain and be in equilibrium with crystals, 
except in the case of complete crystal removal. This aphyric condition can nor- 
mally be expected to persist over only a small temperature interval, unless the 
magmas become, and remain during ascent and eruption, either appreciably 
superheated or rapidly cooled below the stage of labile crystallisation. Porphyritic 
magmas might become aphyric by being rapidly moved to a lower pressure 
regime, with subsequent resorption of phenocrysts. Assuming that  the liquids 
were brought quickly to the surface, they may have been erupted in an aphyric 
condition, since they will remain effectively superheated due to pressure release. 

However, we consider it extremely unlikely that  the fractional crystallisation 
of batches of basaltic magma over a longer period of time could have so accurately 
reproduced the same rhyolitic composition, and prefer to consider further alter- 
natives. 

A modification of this scheme is that  a single superheated rhyolitic magma 
derived ultimately from basic magma was intruded into a sub-volcanic magma 
chamber and was able to exist for a long time without crystallising i.e. it passed 
from superheated to supercooled. Crystallisation was thus unable to destroy the 
uniformity of composition and the magma was available for periodic eruption at  
the surface. Alternatively intrusion of a porphyritic magma at its liquidus tem- 
perature, followed by pressure relief during tectouism, may have resulted in the 
whole mass being raised above the liquidus. In both cases, further crystallisation 
must have been delayed for a considerable period of time. We suggest that  
crystallisation in the Chabbi magmas was inhibited by their high viscosity, itself 
a function of their relatively anhydrous nature. I t  is known from experimental 
work on rhyolitic compositions that  rates of crystallisation are exceedingly slow 
in dry systems, and several authors (Turtle, 1952; Lu the t  al., 1964; Nicholls and 
Carmichael, 1969; Bailey and Macdonald, 1969) have suggested that  certain 
peralkaline rhyolites have evolved under dry conditions. These observations are 
consistent with the field evidence at Chabbi, where pyroclastic material is rela- 
titively scarce, and where, on eruption at least, the magmas were very viscous. 

Partial Melting o] Basic Material 
Since the source material is likely to have remained constant, and provided that  
pressure-temperature conditions were not too variable, it is possible that  partial 
fusion of a basic rock could have produced the series of Chabbi obsidians (cf. Bai- 
ley, 1964; Bailey and Schairer, 1966). Such magmas, however, cannot have been 
formed with appreciable superheat and would be expected to have crystallised 
during ascent to the surface. Again, crystallisation may have been inhibited by 
the high viscosities of the liquids. Alternatively, a rhyolite magma may have 
been held at depth ( ? in the mantle) and was kept above its liquidus temperature 
by the regional geothermal gradient. Such a body may have been tapped only 
during periods of tectonic disturbance. 

Complete Fusion o/ Peralkaline Granite 
This is a possible mechanism for producing homogeneous rhyolite magmas, if it 
is assumed that  they were superheated and remained so. Blocks of microgranite 
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have  been recorded  in  the  flows and  tuf ts  f rom the  F a n t a l e  (Laeroix,  1930) and  
Gar ibold i  Pass  volcanoes,  b u t  none has  so far  been found  a t  Chabbi ,  even in the  
pyroc las t ic  mater ia ls .  

Liquid Immiscibility 
There  m a y  be some form of l iquid immisc ib i l i ty  re la t ionship  be tween  basa l t  and  
rhyol i te  a t  t empe ra tu r e s  above  the  rhyol i te  l iqnidus,  whereby  the  silicic l iquids 
were s epa ra t ed  f rom the  basa l t  and  b rough t  to  the  surface in a supe rhea t ed  con- 
di t ion.  I n  the  case of Chabhi ,  where there  are no basa l t s  in the  exposed  volcanic  
pile, the  poss ib i l i ty  of the  former  co-existence of rhyol i t ic  and  basa l t ic  m a g m a s  
is ques t ionable .  

Conclusions 

W e  feel t h a t  some combina t ion  of superheat ing ,  der ived  e i ther  a t  the  site of 
m a g m a  genesis, or b y  re la t ive ly  r ap id  m o v e m e n t  in to  the  crus ta l  env i ronment ,  
fol lowed b y  supercool ing due to  dryness ,  can expla in  the  lack  of crys ta ls  in the  
Chabbi  rocks.  W h e t h e r  the i r  composi t ion  could have  been so accura te ly  repro-  
duced  b y  a r ecur ren t  process involv ing  a "eutectic" composi t ion,  e.g. f rac t iona l  
c rys ta l l i sa t ion  or pa r t i a l  fusion of basic mater ia l ,  or whe ther  the  lavas  have  been 
der ived  f rom a single m a g m a  ba tch ,  is no t  known. 

I n  the  na tu r e  of i ts  products ,  Chabbi  appears  to  be a unique  volcano.  W h e n  
the  tec tonic  se t t ing and  pe t ro logy  of the  o ther  Q u a t e r n a r y  E th iop i an  volcanoes 
are  be t t e r  known,  some fu r the r  clues as to  the  evolu t ion  of Chabbi  m a y  be found.  
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