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Overview of talk 

Definitions:  summit thermal reservoir vs. summit magma chamber 
       stored magma = any magma that has spent some time        
  in the summit thermal reservoir prior to eruption?  

 
Method:   examine the variation in MgO content of well-quenched    

    glassy scoria and tephra erupted at and near Kīlauea’s   
    summit 

 
Examples:  

 Four twentieth-century eruptions  with significant ranges of 
         MgO in glasses in coeval, stored magma 

 
 Three older explosive eruptions (the Keanakāko‘i, Kulana and 
         Pāhala tephras 

 
Conclusion:  strong evidence that Kilauea’s summit reservoir often 
(usually?) contains melts with a considerable range of MgO content, 
whether they are strictly  co-magmatic or not. 



The familiar Ryan (1988) model of Kīlauea’s 
plumbing system.  Magma is contained within 
the aseismic volume (red/yellow) as outlined by 
twentieth-century seismicity.  However, this 
volume is not entirely occupied by magma.   



Close-up of the summit reservoir 

This talk is concerned with the 
possible range of melts within the 
summit reservoir itself.  This is 
referred to as the thermal reservoir. 
 
One or more melt bodies occupy  
part of this volume.  The smaller 
the volume of melt, the more its 
location must shift with time, to  
keep the entire volume of the 
thermal reservoir hot and aseismic.   

We assume that this thermal 
reservoir affects the temperature 
of stored melt bodies, and that 
temperature within the reservoir 
increases downward. 

Definitions/assumptions 



Intracaldera  effusive glasses have MgO contents ranging from 6.4-7.5%; this level has increased 
slightly from 1924 to the present.  Extracaldera  summit glasses and Pele’s tears from the 1924 
explosive eruption sometimes have variably higher MgO contents. 
 
Note that other oxide components show much smaller compositional ranges, so variability is best 
examined by looking at MgO content.  Also MgO content is a proxy for temperature. 

intracaldera effusive glasses 

extracaldera glasses 

Kīlauea summit glasses, 1912-2010 



Summit eruptions showing ranges of glass MgO observed.  Note the wide ranges  
for the 1959, 1971 and 1974 eruptions, in some cases even for lavas erupted on 
the same day.  
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Pele’s tears from 
1924 tephra 1959 stored 

magma = 1954 

August 14, 1971 
July 19-20, 1974 



*31-70% 1959E (juvenile – no storage time) 

*88-94% 1959W (stored) 

*100% 1959W (stored) , same chemical type 
as  the 1954 summit magma. 

*late hybrids, most 
~80% 1959W 

Tem
perature  range 75°C

 
Glass MgO compositions for scoria from the 1959 summit eruption 

For the 1959W magma:  (1) time in storage was about 5 years. 
  (2) two different levels of MgO content = two bodies? 
  (3) the body with 8-9% MgO is dominant in the eruption 

* Mixing proportions from Wright (1973) 



1971, 1974 extracaldera  

1924 Pele’s tears 

1971, 1974 intracaldera 

Scoria glass compositions from the 1959 eruption shown by gray bars.  Stored 
1959 glasses are limited to MgO ≤ 8.7%.   
Glasses from  1971, 1974 and 1924 cover  this same range, suggesting that the 
thermal reservoir at Kīlauea commonly contains this range of melts.  



MgO variation in glasses from the 
Keanakāko‘i Tephra of Swanson and others 
(2012), age ca. 1500-1820 A.D.  All samples are 
from the Sand Wash section, described by 
Mastin and others (2004).   

I	  

IIA1	  

IIA2	  

IIB1	  

IIB2	  

IIC1	  

IIC2	  

III	  

IIC3	  
IIC4	  

Stratigraphic  identifications as in Table 1 of 
Mastin and others (2004).  The section is 4 
meters thick.   

range of 1959 glasses 

Keanakāko‘i Tephra 



The base of the summit reservoir at Kīlauea is 
olivine-rich, containing a sludge of loosely 
aggregated olivine with interstitial melt. 

The composition of the olivine averages Fo86-87  
and has for many centuries.  This constancy 
means that the interstitial melt must have a 
composition that is in equilibrium with Fo86-87 . 
 
Required MgO in melt ~ 9.8-10.5%  
  [assuming 11.0-11.5% total FeO,  

 15% is Fe2O3, KD = 0.30] 
 
Implications:  
(1) If an eruption entrains the olivine 

sludge, it also samples the interstitial 
melt. 

(2) Melts with MgO > 10.5% or so come 
from below the base of the summit 
reservoir.  

Olivine aggregates in 1959 lavas  

Why melt with ~10-10.5% MgO?  



The Treemolds section, thickness = 65 cm.  
Kulana 1-5 layers are present.  The high-Ti,K 
Kulana 2 layer is highlighted in yellow.  

Kulanaokuaiki Tephra 

rang	  

MgO	  varia2on	  in	  the	  Kulanaokuaiki	  Tephra	  of	  Fiske	  
and	  others	  (2009),	  age	  ca.	  400-‐1000	  A.D.	  	  The	  
histogram	  includes	  data	  from	  5	  sec2ons	  of	  the	  
tephra.	  

MgO	  content,	  in	  weight	  percent	  

range of 1959 glasses 



Kulanaokuaiki Tephra, cont. 

This is the upper 2 meters of the Uwekahuna  
Bluff section.  Kulana 2-5 analyzed ;  Kulana 1 
present but not yet analyzed. 

MgO	  varia2on	  in	  the	  Kulanaokuaiki	  Tephra	  of	  Fiske	  
and	  others	  (2009),	  age	  ca.	  400-‐1000	  A.D.	  The	  
histogram	  includes	  data	  from	  5	  sec2ons	  of	  the	  
tephra.	  
	  

MgO	  content,	  in	  weight	  percent	  

range of 1959 glasses 



Pāhala Ash 

MgO	  varia2on	  in	  the	  Pāhala	  	  Ash	  of	  Easton	  (1987),	  
age	  ca.	  23	  Ky.	  	  This	  sec2on	  	  of	  the	  tephra	  	  is	  found	  
at	  	  the	  top	  of	  Hilina	  Pali	  (Clague	  and	  others,	  1995).	  	  
Analyses	  by	  M.	  Beeson.	  

range of 1959 glasses 



MgO  level in 
glass	  

Present  reservoir 
system     	  

Keanakāko‘i        
Sand Wash section	  

Kulana	   Pāhala	  

~100 years ~300 years ~600 years months? 

6.0-6.5%	   uncommon	   rare	   rare	   uncommon	  
6.5-7.0%	   peak intracaldera             

effusive 	  
rare	   Kulana 2 high-Ti,K    

Kulana 3	  
less	  

7.0-7.5%	   peak intracaldera  
effusive	  

peak IIA, IIB	   peak Kulana 1,4,5	   peak	  

7.5-8.0%	   uncommon	   peak IIA, IIB	   peak Kulana 1,4,5 	   peak	  
8.0-8.5%	   peak 1959              

present 1971, 1974 
extracaldera	  

                                  
peak IIA, IIB	  

                                   
saddle	  

                              
peak	  

8.5-9.0%	   peak 1959              
present 1924 tephra + 
1971 extracaldera	  

                               
saddle	  

                                 
peak Kulana 1,4,5 	  

                              
less	  

9.0-9.5%	   some  in 1959	   peak IIC1-3	   peak Kulana 1,4,5	   less	  
9.5-10.0	   some  in 1959	   peak IIC1-3	   peak Kulana 1,4,5	   less	  
10.0-10.5	   uncommon in 1959	   persistent trace	   trace Kulana 1,4,5	   trace Pāhala	  

        Glasses	   inferred       to    be    from            below     	    the     summit 	     reservoir	  
10.5-11.0	   inferred  in 1959	   rare	   trace Kulana 1,4,5	   trace upper 

Pāhala	  

11-12%	   absent	   absent	   trace Kulana 1,4,5	   trace upper 
Pāhala	  

Above 12%	   absent	   absent	   trace Kulana 1,4,5	   trace Pāhala, up 
to 13.82% MgO	  

Four-way comparison of variations in glass MgO content 
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Summary and Conclusions 

Variations in MgO content in glasses erupted from Kīlauea’s summit show: 
 
(1)   Four 20th-century eruptions contain coeval stored melts with MgO ranging from 7 to 9% MgO, a 
wider range than traditionally recognized as being present in the summit reservoir.  The time 
covered (1924-1974) suggests that such melts are commonly present in the reservoir. 

(2)   The 20th century glasses plus the Keanakākoi and Kulana tephras have two preferred MgO 
ranges, separated by an interval of less-frequent  MgO contents.  This suggests that there may be 
two preferred depths of storage within the summit reservoir during these periods.   

(3)   Loose aggregates of Fo86-87 are widespread in subaerial Kīlauea lavas of all ages. These would 
have MgO in interstitial melts of ≤ 10. 5% when in-situ at the base of the reservoir, establishing an 
effective maximum MgO for any stored melt in the reservoir.  

(4)   Older explosive eruptions show progressively wider ranges of  glass MgO content, reaching 
11% in the Keanakākoi, 12.5% in the Kulana  tephra and 13.8% in the Pāhala Ash.  Melts with MgO > 
10.5% are not stored in the summit reservoir but come from deeper in the conduit, prior to eruption. 

(5)   Thin individual tephra layers with glasses having MgO ranges greater than 2% are common in 
all tephra sections analyzed.  This feature appears to be primary and has implications for the 
eruption process:  depth of excavation, fragmentation and  extent of quenching prior to deposition.   
 



Mahalo nui loa for your attention! 

Takeaway point: 
 
Looking at glass MgO content provides a simple but effective way 
of evaluating the range of melts present in the reservoir during 
eruptions, and for comparing  complex series of explosive 
eruptions with each other. 



Kulana Keanakāko‘i = blue 
Pāhala = red 
 

CaO vs MgO in tephra glasses 



Uwekahuna data = blue 
Kīlauea Iki 1967-88 data = black 

Field of compositions for 
1959 eruption samples, 
1960-61 core defines 
Fo86-87 olivine control line 


