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Most igneous carbonatites are thought to result f rom silicate-carbonate liquid immiscibil i ty dur ing the evolut ion of alkal ine 
fluid-saturated silicate magma. This process is controlled by fluid regime and melt composi t ion. It is instructive therefore to 
compare carbonatite-bearing and carbonati te-free igneous complexes with similar composi t ions of silicate rocks. Nielsen et al. 
(1997) studied melt inclusions in the melilitolites of the carbonati te-bearing Gardiner massif , Greenland and de te rmined the 
compositions of melts and condit ions of carbonatite melt separation. Similar melil i te-bearing rocks are known in the U p p e r 
Rhinegraben igneous province (Dunworth, Wilson, 1998). This paper presents the results of a study of ol ivine melili t i tes f r o m 
Mahlberg, 100 km north of Keiserstuhl. In contrast to Gardiner, the melil i te-bearing rocks of the Mahlberg massif do not 
associate with carbonatites and the comparison of the tow massifs will provide some insight into the condi t ions of natural 
carbonate-silicate liquid immiscibility. 

The olivine melilitite sample (XKR 37 OM) studied is composed of olivine (Fog9.82, 0 .18 - 0 .87 wt % C a O ) and 
clinopyroxene phenocrysts in a fine-grained groundmass. Cl inopyroxene also occurs in the groundmass , as crystal l ine 
inclusions m olivine phenocrysts, in late miarolitic cavities, and as daughter minerals in melt inclusions. 

The holocrystalline groundmass consists of olivine, c l inopyroxene, melilite, nepheline, phlogopite , Ti -magnet i te and 
perovskite. There are also miarolitic aggregates up to 5 m m across. They are composed of euhedral c l inopyroxene, nephel ine , 
melilite, Ba-rich phlogopite, perovskite and Ti-magneti te crystals cemented by secondary hydrous minerals (wairaki te , 
lawsonite, and others). 

Olivine phenocrysts bear numerous melt inclusions containing a variety of daughter crystals including Fe - monticel l i te 
(10.4 wt.% FeO) , olivine (Fo8g-83, up to 1.2 wt % CaO), cl inopyroxene, melilite, Ba-rich phlogopite , nephel ine, F-bear ing 
apatite and magnetite (up to 15 wt % T i 0 2 ) . The inclusions are partially decrepitated and some of their f luid evidently leaked. 
Because of this, most of the inclusions were not homogenized during thermometric experiments . T h e melt ing tempera tures of 
daughter phases ranged f rom 1130-1220°C. Some late and secondary melt inclusions were homogenized at 1160-1100°C. 

Clinopyroxene crystals in the miarolitic aggregates contain rare silicate melt and fluid inclusions. These inclusions were 
homogenized at temperatures of 1100-1140°C. The density of the fluid inclusions is lower than 0.01 g/cm3 . 

The homogenized melt inclusions in olivine phenocrysts have low S i 0 2 and high C a O (up to 18 wt. %) and alkali contents . 
Sodium dominates over potassium in early melts, but K/Na ratio increases with melt evolution and reaches 1.4 in the most 
evolved compositions. M g O contents are no higher than 9 wt %. The melts are rich in P 2 0 5 (up to 1.6 wt %), B a O (up to 0.65 
wt %), SrO (up to 0.3 wt %), and F (more than 0.5 wt %). The concentrat ion of CI was always be low the electron microprobe 
detection limit (0.1 wt %). 

In addition to melt inclusions, olivine phenocrysts contain abundant gas ± liquid fluid inclusions. They are domina ted by 
C 0 2 (melting temperature f rom - 5 6 . 9 to -59.2°C) with a density f rom 0 .30 -0 .73 g/cm3 . Kaersuti te was detected on the wall of 
one primary C 0 2 fluid inclusions by Raman spectroscopy. C0 2 - r i ch fluids were also observed in the gas bubbles of melt 
inclusions. All fluid inclusions are partially decrepitated. 

The examination of melt and fluid inclusions suggests a considerable role of C 0 2 in the genesis and evolut ion of magma . 
The maximum density of C 0 2 fluid inclusions (0.73 g/cm3) corresponds to a fluid pressure of 5 kbar at 1220°C (the m a x i m u m 
temperature of daughter mineral resorption in melt inclusions). The maximum pressure of fluid inclusion ent rapment was 
certainly higher, because part of fluid escaped f rom inclusions. The distribution of the densit ies of fluid inclusions in ol ivine 
suggests at least two stages of phenocryst crystallization differ ing in fluid regime. Dur ing early stages, cores of ol ivine and 
clinopyroxene were formed under relatively stable fluid-saturated conditions. This was fo l lowed by a rapid decrease of 
pressure accompanied by extensive degassing and growth of outer phenocryst zones with abundant fluid inclusions of varying 
density. 

Coexisting silicate and carbonate melt inclusions were found in melilite f rom Gardiner melilitolite (Nielsen et al., 1997), 
indicative of silicate-carbonate liquid immiscibility and formation of alkali-rich carbonati te magmas similar to that of Oldo inyo 
Lengai. In contrast, melt inclusions in the Mahlberg melilitite contain no carbonate phases, which is in agreement with the 
absence of carbonatites in this complex. The silicate melts of the Mahlberg and Gardiner complexes are chemical ly similar and 
their differentiation occurred under essentially identical C0 2 - sa tura ted P-T condit ions. There are however some minor 
distinctions in melt composit ions, which predetermined fundamental ly different evolution paths. T h e melts f r o m Gardiner are 
in general lower in A1203 and S i 0 2 at given M g O contents than those of Mahlberg. This d i f ference is not very large but it could 
be critical in determining degassing behavior and carbonate stability. 

Experimental investigations of silicate-carbonate liquid immiscibility (e.g. Freestone and Hamil ton, 1980; Kjarsgaard and 
Peterson, 1991) contoured a two-liquid field in the S i 0 2 + A l 2 0 3 + T i 0 2 - C a O + M g O + F e O - N a 2 0 + K 2 0 ternary d iagram. On 
this diagram, the least evolved melts f rom melilites of the Gardiner rocks fall within the field of silicate liquid, but their 
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d i f f e ren t i a t ion (mel i l i te f r ac t iona t ion) m o v e s the mel t c o m p o s i t i o n toward the two- l iqu id b o u n d a r y . Th i s is cons i s ten t wi th the 
a p p e a r a n c e of ca rbona t i t e me l t s at la te s tages of mel t evo lu t ion . In cont ras t , mel t s f r o m the M a h l b e r g mel i l i t i tes w e r e ini t ia l ly 
r icher in A1 (and Si) and plot fur ther f r o m the l iquid immisc ib i l i ty f ie ld . M o r e o v e r , h igher A1 con ten t at high N a e x p a n d e d the 
nephe l ine s tabi l i ty f ie ld and resul ted in ea r ly nephe l ine crys ta l l iza t ion ( together wi th o l iv ine ) f r o m the mel t . T h e resu l t ing 
l iquid evo lu t ion pa th goes paral lel to the l iquid immisc ib i l i ty b o u n d a r y and e v e n the m o s t evo lved mel t s r e m a i n o u t s i d e the 
ca rbona te - s i l i ca te f ie ld . T h u s , the minor d i f f e r e n c e s in mel t c o m p o s i t i o n m a y have a d r a m a t i c e f f ec t on the behav io r of vola t i le 
c o m p o n e n t s . In the c a s e of Gard ine r , the f o r m a t i o n of c a r b o n a t e mel t s c o n s u m e d a s ign i f ican t por t ion of C 0 2 and the 
c rys ta l l i za t ion of e v o l v e d me l t s occur red under subvo lcan ic condi t ions . In cont ras t , the a c c u m u l a t i o n of C 0 2 in the M a h l b e r g 
me l t resu l ted even tua l ly in r ap id degass ing and a ca tas t roph ic e rup t ion . 
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