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ABSTRACT. - Ruri is located in the Kavirondo 
rift ,  near Homa in western Kenya It is a twin 
volcano with an ijolite-sovite core in its northern 
half, coupled with a carbonatite-melilitite pyroclastic 
centre in the southern half. The petrography and 
mineral chemistry of pyroclastic rocks from the 
collection of Ruri material at The Natural History 
Museum, London, have been studied in order to 
learn more of the nature of the volcanic activity and 
the erupted magmas 

Four types of tuffs have been recognised at South 
Ruri, on the basis of rock structure and texture, the 
nature of fragmental materials and matrix 
relationships: 1 heterolithic tuff: a mixture of 
accidental fragments with no discrete physical 
juvenile component; 2- pelletal tuft: heterolithic tuff 
with a carbonatitic matrix, with a minor juvenile 
component of rounded melilititic lapilli cored by 
mafic HP xenocrysts; 3-lapilli tu.ff: formed mainly of 
juvenile lapilli, with concentric melilitite layers 
around a kernel of clinopyroxene or Cr-spinel, 
immersed in a carbonatite ash-matrix; 4-lapilli-ash 
tu.ff: mostly microporphyritic carbonatite lapilli in a 
micritic carbonatite matrix (ie.  extrusive 
carbonatite). Types 1 to 3 are interpreted as conduit 
and/or vent facies and type 4 is a surge deposit. 

The juvenile components of the deposits are of 
melilititic-carbonatitic type.  Their proportion 
increases with eruptive sequence, indicating a 
progressively shallower level of magma 
fragmentation in the conduit. The juvenile silicate 
material is a feldspar-free association of melilite 
(now altered) and olivine, with foids, although these 
are also highly altered. Clinopyroxene, phlogopite 
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and amphibole are slightly fresher. Some Cr-rich 
clinopyroxene, phlogopite, olivine and chromite 
have strain features and compositions indicating 
they are from disaggregated mantle xenoliths 

The melilititic melts were eo-eruptive with 
igneous carbonate at Ruri They may represent a 
small volume, near-primary magma that erupted 
directly from the mantle, whereas the subvolcanic 
rocks at Ruri are more differentiated, as are the 
carbonatites and nephelinites of the nearby Kisingiri 
stratovolcano. Ruri adds another example to the 
general pattern that the most primitive magma 
compositions are erupted at small centres adjacent to 
the large alkaline/carbonatitic volcanoes. Other 
examples are Deeti, c lose to Kerimasi and the 
Monticchio Lakes at Vulture. 

At the liquidus temperature and low pressure of 
melilitite stability, carbonatite is not a miscible 
phase and may have erupted as mechanically 
separated, fine sprays of droplets and ash fragments 
that now form the matrix of the tuffs, as well as 
discrete porphyritic carbonatite lapilli. 

RIASSUNTO. - Ruri e ubicato nel rift di Kavirondo 
nelle vicinanze di Homa nella porzione occidentale 
del Kenia. Si tratta di due piccoli vulcani gemelli, di 
cui quello settentrionale mostra un complesso 
subvulcanico di jolite e sovite mentre il secondo 
conserva rocce piroclastiche di tipo carbonatitico e 
melilititico. Sono state studiate le rocce conservate 
al Museo di Storia Naturale di Londra che formano 
la collezione di Ruri. Lo studio si e concentrate sul 
significate dell' attivita vulcanica verificatasi a Ruri 
e sulla natura dei prodotti eruttati. 

E stato possibile riconoscere quattro tipi diversi di 
depositi piroclastici nel vulcano meridionale, in base 
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alle differenze riscontrate tra struttura e tessitura, 
natura dei piroclasti e relazioni tra clasti e matrici. 
Essi sono: 1 - tufi eterolitici: una mistura di frammenti 
accidentali priva d'evidenze fisiche di una componete 
juvenile; 2- tufi pelletoidali: come sopra ma con 
presenza di una matrice carbonatitica e una frazione 
silicatica juvenile composta di lapilli sferici nucleati 
da xenocristalli d 'alta pressione; 3- Tufi a lapilli: 
essenzialmente costituiti da lapilli juvenili di tipo 
tuffisitico, con gusci concentrici di melilitite intorno 
ad un nucleo di Cr-diopside o cromo-spinello. I lapilli 
sono immersi in una matrice carbonatitica; 4- tufi 
cineritici a lapilli: lapilli carbonatitici porfirici in 
matrice cineritica carbonatitica (es.  carbonatite 
estrusiva). I tipi da 1 a 3 rappresentano principalmente 
facies di condotto o crateriche, il quarto e un deposita 
da ondata piroclastica. 

La componente juvenile e sempre costituita da 
prodotti carbonatitico o melilititico la cui 
abbondanza cresce progressivamente nella sequenza 
eruttiva indicando che il livello di frammentazione 
magmatica diventava via piu superficiale nel 
condotto. Petrograficamente si tratta d' olivin 
melilitite con foidi; questi minerali sono 
generalmente alterati. Il clinopirosseno, la flogopite 
e 1' anfibolo so no molto piu freschi. Il clinopirosseno 
ricco in cromo, la flogopite, 1' olivina e la cromite 
mostrano deformazioni intracristalline e hanno una 
composizione che suggerisce che essi siano derivati 
dalla disgregazione di xenoliti mantelliche. 

Melilitite e carbonatite sono co-eruttive a Ruri 
rappresentando un esempio di piccolo impulso 
magmatico primario eruttato direttamente da 
profondita mantelliche.  Invece le rocce  sub­
vulcaniche mostrano un grado di differenziazione 
molto maggiore cosl come le nefeliniti del vicino 
volcano Kisingiri. Ruri si aggiunge alia lista degli 
esempi di magmi molto primitivi eruttati da piccoli 
centri monogenici associati a grandi strata vulcani di 
natura alcaline ma piu evoluta. 

Alla temperature del liquido melilititico il 
carbonato non e miscibile e puo essere eruttato 
separatamente sebbene frammisto a frammenti 
melilititici. Infatti esso per la sua bassa viscosita 
tende a formare goccioline e sottile cenere che entra 
poi a formare la matrice dei tufi melilititici di Ruri. 

KEY WORDS: nwlilitite, carbonatite, tuffisite, mantle 
debris, Homa - Kenya. 

INTRODUCTION 

Phonoli te-nephelinite-carbonatite, and their 
respecti v e  i ntrusi ve terms ij o li te-s o vi te 

ass oci ati ons i n  w es tern Kenya have been 
studied in detail by Le Bas ( 1977). However, 
these rock sui tes are usually consi dered to 
represent differentiated magmas and are thus 
unlikely to be near-primary parental magma 
compositions. This is consistent with a lack of 
mantle xenoliths. 

The p ossi b le  si gni fi c ance  of  the 
meli li ti te/carbonati te ass ociation ,  which is  
present  in the w es tern branch of the E as t  
African rift , has received scant attention in the 
eastern branch of the rift. However, melilititic 
assemblages have been recognised in satellite 
monogenetic volcanoes scattered around large 
nepheli ni te/phonoli t e  s tratovolc anoes i n  
western Kenya (Le B as ,  1 97 7; Clarke and 
Roberts ,  1 9 86). At L ake Simbi maar crater 
(Homa M ountai n  area) , wehrlite xenoli ths 
coated with melilitite represent likely mantle 
material. At the Got Chiewo vent on Homa 
Mountain ,  meli li ti te flows and agglutinated 
carbonatiti c  tuff are i nterstrati fied ( Keller, 
1989). Similar extrusive carbonatite occurs on 
the southern rim of the South Ruri crater. Since 
the comprehensive  descri pti on of wes tern 
Kenyan volcanism by Le Bas ( 1977) ,  much 
more w ork has been done on extrusi ve  
carbonatites worldwide. Most have been found 
to be calcite carbonatites although they tend to 
have higher silicate contents and less extreme 
compositions than many intrusive carbonatites. 
Unfortunately they are prone to alteration and 
can be difficult to study. The natrocarbonatite 
lavas of Oldoinyo Lengai are the best-known 
example of extrusi ve c arbonati tes but  are 
unique in being highly alkaline. Whilst most 
intrusive carbonatites may be the cumulate 
products of fractionated melts ,  most  of the 
extrusi ve  c arbonati tes are the quenched 
products of hi gh temperature li qui ds. An 
increasing number of  extrusive carbonatites 
have been found to be closely associated with 
silicate rocks, mainly melilitite and,  in some 
cases , phonolite (Woolley, 2002). 

The Ruri complex is a good example of a eo­
eruptive association of alkali mafic silicate rocks 
and carbonatites within a small area (Le Bas ,  
1977). A large collection of  Ruri rocks ( 1200) is 
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housed in the Natural History Museum, London; 
about two thirds of these are i ntrusi ve and 
country rocks: the former comprise mainly 
coarse-grained carbonatite (sovite), fine-grained 
calcite carbonatites (alvikite), ferro- and similar 
l ate s tage- c arbonati tes , p lus phonoli te ,  
nepheline syenite, ijolite, melanephelinite. The 
remainder are pyroclastic rocks; their nature and 
mineralogical composition form the subject of 
this contribution. 

GEOLOGICAL BACKGROUND 

The Ruri outcrops are situated near the 
Kenya- U ganda b order, near th e northeas t  

shoreline of Lake Victoria. Ruri is one of the 
three main alkaline-carbonatitic complexes of 
the Homa Bay District ,  the others being the 
H o m a  M ountai n  c en tre an d the l arge 
s tratovolcano of Kisingiri , with i ts central 
Rangw a  caldera (Le Bas ,  1977 ) .  The Homa 
district lies within the Kavirondo Rift, which is 
a w es tw ard branch of the G regory Ri ft , 
extending  for about 1 60 km towards L ake 
Victoria  (Fig. 1 ) .  

P art of the N orth and S outh Ruri vents 
consists of proximal inward-dipping crater tuffs 
and conduit breccias (Fig. 2) .  Outward-dipping 
crater faci es are pres erved only  on the 
southeas t  side of S outh Ruri . A few s mall 
outcrops of water-lain «epiclasti tes» provide 
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Fig. 1 Sketch-map of the East African Rift with the location of Ruri and the other volcanoes of the Homa Bay volcanic 
district. 
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Fig. 2 - Geological maps of the North and South Ruri volcanic complexes. Redrawn from the original fieldwork of Dixon 
and Collins. In the maps are reported only the samples that could be placed unambiguously at the original sampling site. 
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evidence of the former presence of a crater lake 
at South Ruri, but later plugs of carbonatite 
obscure much of the vent area. There are no 
traceable lava flows (Le Bas, 1977). There is 
no reas on to m ake a geneti c  dis ti n c ti on 
between North Ruri and South Ruri . They may 
represent two small twin volcanoes, or even 
separate condui ts or vent areas of the same 
monogenetic volcano.  Numerous late-stage 
phonolite plugs occur in the vicinity of the Ruri 
Hills, they have no clear relationship to the 
explosive activity, although some of them were 
emplaced in Ruri conduits .  Mutual crosscutting 
rel ati onships i ndi c ate that  s ome of the 
subvolcanic carbonatites and the phonolite are 
closely related, both spatially and temporally 

METHODOLOGY 

The Ruri collection is identified here by the 
ori gi n al fi e ld  numbers corres pondi n g  to  
references in  Le Bas ( 1977). E ach sample is 
located on a topographic base map (Fig .  2 ), 
following the original fieldwork by Dixon and 
Collins .  F our hundred extrusive rocks were 
examined in hand specimen and in thin section, 
23  were considered representative and are 
described here in terms of structure and texture, 
wi th 13 finally chosen for detai led electron 
microprobe study . The electron microprobe 
analyses were performed using a Cameca SX50 
wavelength-dispersive electron microprobe at 
The Natural History Museum, using a variety 
of synthetic materials and natural minerals as 
s tandards and a �PS m atri x  correcti on 
programme. About 200 analyses were made 
and a selection of about 50 is presented here. 
L as er Ablati on Inducti vely Coupled M ass 
Spectrometry (LA ICP M S )  on amphi bole 
S 1 13, was carried out at  Kingston University. 
The CETAX LSX 100 Nd:YAG laser, built by 
Surrey Design Research Instruments, operated 
at 266 nm wavelength, with a working energy 
of 0 15-0 2 mJ/pulse The data acquisition was 
carried out in peak jumping mode (Rosatelli, 
2 002 ) .  F o r  the  d ata  processi n g  C aO, 
independently determined by EMP A, was used 

as an internal s tandard NIST SRM 6 10 and 
N I S T  S RM 6 12 w ere us ed as external  
s tandards . In the data correction procedure, 
both i n ter-element  fracti onati on an d the 
difference of mass ablated in  each analysis 
were considered following the procedure of 
Longerich et al. ( 1996). 

LITHOLOGY 

The nomenclature of pyroclasti c  rocks is 
based on current clast size criteria (lUGS, Le 
M ai tre, 2 002 ) .  How ever, consi deri n g  the 
ultramafic  nature of the rocks, their  mi xed 
composition and occurrence, specific attention 
has been pai d  to matri x-clast relationships, 
lapilli shape and the internal structure of lapilli . 
Specific nomenclature, textural classification, 
and genetic classification criteria have been 
adopted following the suggestions of Mitchell 
( 1997). 

PSEUDOTUFFS 

(AUTOBRECCIATED RHEOMORPHIC ALVIKITE) 

Ref sections S236, S203, Sl81 (not on map) 

A tuff formed by subangular- to plastically­
shaped polycrys talline carbonate clasts The 
clas ts contai n  relict s tructures of unknown 
origin, consisti ng of well-defined, rounded 
areas of very fine opaque granulation which are 
typical of Ruri alvikites and may correspond to 
discrete carbonatite «pseudolapilli» . The clasts 
are arranged in  a faintly eutaxitic texture. A 
very minor proportion of halloclasts (accidental 
lithics), probably host rocks, are present in one 
sample (S203) but all the others are monolithic .  
A similar facies from Homa has already been 
interpreted as a spatter lapilli facies (Keller, 
1989). However, the «pseudolapilli» do not 
have internal signs of flattening or of fluidal 
arran gement  The rock m atri x  forms a 
continuous groundmass, i t  is not obvious ly 
granular and shows no volcanic gradati on .  
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Taking into consideration the field evidence, a 
rheomorphi c  brecci ation  of alvikite  dykes 
seems the most likely origin of these rocks.  

HETEROLITHIC TUFFS (MAPPED, OR PREVIOUSLY 

CLASSIFIED, AS EXTRUSIVE CARBONATITE TUFFS) 

Ref sections N274, N696, 5234/1 , 5370 (not on 

Fig 2), 5228/2, 5117 

Thes e  are brecci as havi ng an gular or 
subangular, mainly lapilli-sized, clasts . The 
following li thi c  c las ts are pres ent in very 
vari able amounts: metabas alts with various 
degrees of alteration and granularity; smaller 
holocrystalline doleritic fragments ; nepheline 
syeni t e ;  ortho c l asi t e ;  feni t e .  The m atri x  
consis ts o f  c leav age fragments o f  
clinopyroxene, K-feldspar, apati te, and kink­
banded phlogopite. Mafic minerals are partially 
repl aced by c alci te . Fine-grai ned alvi ki te  
fragments form a large p art of  the  matri x .  
Cryptocrystalline, turbid carbonate rich in Fe­
oxi des and apati te forms the i ntergranular 
component .  In some places ,  the matrix has 
recrystallised into sparry carbonate. There are 
no obvious juvenile lapilli but the carbonatite 
matrix  and mineral fragments may include a 
juvenile physical component. The rock may be 
interpreted as a conduit or vent deposit .  

HETEROLITHIC TUFFS WITH PELLET AL MATRIX 

(TUFFISITE) 

Ref sections N690 N122 N380 (not on Fig 2, 
5146, S113) 

H eteroli thi c  tuffs c o nt ai n  s u b an g u l ar ,  
accidental lithic clasts similar to  those of  the 
group above .  L arge altered ol.ivine crystals ,  
clinopyroxene and fresh amphibole, up t o  2 cm 
diameter, also occur as mega-xenocrysts . These 
rocks have a distinct matrix structure and an 
apparent juvenile component that consists of 
welded or aggluti nated glassy or carbonated 
micro- lapi l li with a kernel at their  centre . 
Apati te is the only fres h mi neral  i n  the 

groundmass of the l api ll i . The l api l li are 
rounded or oval and someti mes have a thin 
altered glassy veneer, giving the rocks the 
appearance of a pel letal tuff .  The m atrix 
comprises as h-sized g l ass y drople ts and 
rounded mafic minerals (Fig .  3A) .  The latter 
are m ai n l y  s pi n e l ,  c li nopyroxene and 
phlogopi te . The mafi c  mi nerals e xhi bi t 
undulose extinction and corona reactions , and 
the phlogopite flakes are deformed. The matrix 
is compos e d  of turbi d mi crocrys t a l li ne  
carbonate that encloses the  pell etal l api l li .  
Some i ntergranular spaces are fi l led  wi th 
monocrystalline calcite cement. 

From these characteristics , especially the 
heterolithic nature and the pelletal texture, this 
rock may be interpreted as a tuffisite .  This 
implies that it is a vent or conduit infilling. A 
COTfluidised convoy of country rocks and 
mel t  drop le ts p lus u ltramafi c  debris is 
considered likely to have produce this sub­
volcanic tuff (Stoppa et al., this volume). Such 
rocks are a common feature of kimberlites , 
melilitites and carbonatites infilling diatremes 
(Mitchell, 1997). 

LAPILLI TUFFS 

Ref Sections 559/3, 5267, 5347, 5349, N716, 
N264, N660 

Thes e rocks contai n  mi n or amounts of 
subangular metabas alt ,  fenite, orthoclasite, 
quartzite, and granite fragments . However, a 
juvenile fraction is dominant and composed of 
mi crop orphyri ti c  l api l li wi th an i ntern al 
concentri c  fluidal  arrangement of former 
meli li te laths . The melili te is altered i nto a 
mixture of clay minerals and calcite but shows 
relict median crack and peg structure. Despite 
an extensive searc h no fres h meli li te w as 
found. The melilititic lapilli are always rounded 
and cored by carbonated c li nopyroxene or 
spi nel (Fi g .  3B and C ) .  It seems that they 
formed by accretion of melilitite melt shells 
around a nucleus , rather than from lapilli or 
drops of magma .  C li nopyroxene and 
phlogopite also occur in the groundmass of the 



Texture and mineralogy oftuffs and tuffisites at Ruri Volcano in western Kenya ... 187 

Fig. 3- Photo table. A) Sample of heterolithic tuff with sub-angular accidental crystals of clinopyroxene and phlogopite in 
a matrix of micro-lapilli of silicate and carbonate composition plus crystal fragments. B) Lapilli tuff, the lapilli are 
microporphyritic, often with a kernel of clinopyroxene. C) Microporphyritic lapillus with concentral fluidal arrangment of 
altered melilitite laths. The larger central crystal although calcitized, has preserved median line and peg structure typical of 
melilite. D) Agglutinated lapilli with fluidal microporphyritic texture. The upper right lapillus has a Cr-spinel core (sp). In 
the upper left of the photo there is a deformed phlogopite crystal (phi). E) carbonatite composed of fine grained turbid 
carbonate matrix in which lumps of carbonate material appear stretched and flattened: fiammae structures. F) Crystal-rich 
tuff with altered melilitite lapillus. The dark matrix is composed of granular silicate-carbonate material. 
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lapilli and show a variable amount of carbonate 
replacement. Lapilli are commonly welded and 
aggl u ti nated i n di c ati n g  hi gh te mp erature 
emplacement (Fig .  3D). In all other cases the 
lapilli are matrix -supported. The matrix of the 
tuff consi sts of fine-grained carbonate and 
larger calci te single crystals  together with 
euhedral  apati t e ,  abundant  fi ne- grai n ed 
magneti te crystals ,  clinopyroxene and some 
perovski te and nepheline fragments . Other 
completely altered crystals are morphologically 
similar to olivine. There is a crystal lineation 
that gives the matrix some fluidal b anding,  
whi ch is  a clear sign of plasti ci ty at hi gh 
temperature. L apilli of carbonate material are 
deformed,  s tretched and flattened to form 
apparent carbonatite fiamme (Fig .  3E) .  The 
latter are i mmersed i n  a turbi d c arbonate 
matrix. Recrystallised limpid carbonate patches 
a l so  occur  i n  v ari ab le  amounts  and may 
represent original vesiculation.  The massive 
texture of this tuff suggests that i t  may be a 
high temperature pyroclastic flow. 

ASH TUFF 

Ref Sections N665 and N 152 

Thes e  tuffs have  s and- siz ed grai n s  and 
cro s s- l ami nated l ayers . Some l ayers  are 
crys tal-ri ch ash tuffs wi th rare acneli thi c 
lapi l li .  These acneli thic lapi l li are mostly 
composed of carbonatite droplets ,  suspended 
in a granular silicate-carbonate matrix .  They 
are considered to be discrete carbonatite lapilli 
whose rounded or drop shape i s  dictated by 
surface tension. Some carbonatitic lapilli have 
a concentri c texture wi th a fi ne  granular 
carbonatite core but no crystal kernel, and an 
external porphyritic rim with carbonate laths in 
an opaque-carbonate matrix.  Other carbonatite 
lapi l li also have a fluidal microporphyri tic  
texture, with densely packed calcite laths that 
have exsolved fine granular opaque material at 
their rims (Fig .  3F) .  They are considered to 
represent former primary calcite phenocrysts. 
Some of the small unaltered mica flakes are 

arranged i n  a flui dal tex ture . The matri x 
materi al i s  grain-supported, well-sorted and 
has  mi nor fi ne- grai ned c omponents . 
Polycrystalline, subrounded calcite or single 
crystals of calcite could represent fragments of 
alviki te .  The si li c ate mineral s present are 
sharp, angular fragments of quartz , K-feldspar, 
c li nopyroxene , aegi ri ne and phlogopi te .  
Apatite i s  also present, as are magnetite and 
fluori te grai n s  th at m ay have come from 
ori ginal alviki te or  ferrocarbonati te clasts . 
These ash tuffs may have been produced by a 
pyroclastic surge. 

MINERALOGY 

The hybrid and variable nature of the Ruri 
tuffi si tes and tuffs , coupled wi th the large 
amount of feniti sed fragments and alteration 
processes ,  preclude the use of whole rock 
analyses .  However, the mineral composition 
has been investigated in order to assess the 
juvenile or accidental nature of the crystals and 
their relationships with the melt. In order to 
analyse the different textural occurrences, the 
following samples were selected: S 1 13 ,  S236, 
S267, S347, N l22, Nl52 , N380 ,  N264, N696, 
and N7 16 . Mineral compositions from similar 
African Rift occurrences have been used for 
compari s on ,  wi th p arti c u l ar e mph asi s on 
compositions from mantle xenoliths. 

Olivine 

Olivine occurs as altered crystal fragments in 
the cores of lapilli in pelletal tuff and lapilli 
tuff. Prismatic or rounded pseudomorphs after 
olivine are common and consi st of Fe-oxide 
plus calcite .  However, a few fresh forsteritic  
cores have been analysed i n  s ample S26 7 
(Table 1 ) . Their CaO content is low, around 0 .2 
w t .% , as are the Cr and Ni contents; but  
chromite inclusions were found (Tables 1 and 
5 ) .  The occurrence of olivine  in the lapi lli 
core s ,  c orro si on of the m argi n s  and  
replacement by  calcite indicate disequilibrium 
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sample 

TABLE I 

Representative analyses of olivine. 

S267 
analysis #1 #2 

Si02 38.98 39.33 
FeO* 15.17 15.05 
M gO 44.58 44.82 
MnO 0.29 0.25 
CaO 0.24 0.19 
Total 99.26 99.64 

Cation calculation based on 4 0 

#17 

39.96 
15.29 
43.91 

0.24 
0.25 

99.65 

Si 0.989 0.992 1.007 
Fe 0.322 0.318 0.322 
Mg 1.686 1.686 1.650 
Mn 0.006 0.005 0.005 
Ca 0.007 0.005 0.007 
Sum 3.010 3.006 2.991 
Mg# 0.84 0.84 0.84 

FeO* = total iron. Analyses #1 and #2 contain 0.07 and 
0.15 wt.% NiO respectively. 

with the melt and a possible xenocrystic origin. 
Olivine xenocrysts of similar composition are 
known from carbonatitic lavas at Fort Portal 
(Barker and Nixon, 1 989), from olivine-biotite­
pyroxenite (OBP) xenoliths at Oldoinyo Lengai 
and Loluni (Dawson and Smith, 1 992),  and in 
garnet and spine} peridotites from L ashaine 
(Dawson et al., 1 970 ). All of these olivine 
occurrences have been compared with Ruri 
using a M g# vs CaO plot (Fig .  4 ) .  Oli vine 
xenocrysts from Fort Portal carbonatite lavas 
seem to have an inverse correlation between 
M g# and CaO which  may be the result  of 
reaction with host liquids.  Fresh Ruri olivine 
cores plot near the OBP field, very close to 
olivine in xenoliths from Oldoinyo Lengai and 
the most primitive Fa-rich, CaO-poor olivine in 
Fort Portal carbonati te .  Ruri olivines are also 
simi lar to the higher Fe and Ca olivines in  
mantle xenoliths from Lashaine. Therefore, a 
mantle xenocrystic origin  i s  probable for the 
Ruri olivine cores. 

0. 8�------------------------------------------� 

0.7 

0.6 

� 0.5 
..... 
::: 

0 0.4 
� 

u 
0.3 

0.2 

0. 1 

0.76 0. 80 0. 84 

Mg# 

0. 88 0.92 0.96 

Fig. 4- Composition of Ruri olivine (S267) with olivine from African extrusive carbonatites and mantle xenoliths. See text 
for references. The olivine in the Ruri lapilli tufT has Mg# (= Mg/Mg+Fe2+) and CaO contents more similar to mantle 
nodule olivines than olivine xenocrysts in extrusive carbonatites. 
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Pyro:xene 

Three dis tinct  groups of cl inopyroxene,  
d iops ide ,  s al i te and aegiri n e ,  have been 
recogni sed  on the b a s i s  of texture and 
composition (Table 2 ,  Fig. 5)  

Diopside 

Clinopyroxene in pelletal tuff is colourless or 
pa le  green S m all  cry s ta l s  are general ly 
rounded, strongly corroded and can have a 
c arbonate c o at i n g .  L arger s ubhedral or 
anhedral crystals up to 2 cm in length exhibit a 
variable degree of fracturing, fine-grained re­
crys tal l iz ation at their rims and undulose  
extinction (e .g .  sample N3 80) .  Most  of  them 
are coated with altered glas s .  Twinning i s  
absent and deformed exsolution lamellae are 
rare, but patchy polarising colours suggest that 
the crystal lattice is deformed. Trains of tubular 
fluid inclusions cross-cut the xenocrysts and 
indicate

· 
migration of fluids toward fractures 

an d c al c i te b leb s .  This  feature has  been 
considered to  be  an  indication of decrepitation 
and incipient decompression melting during 
ascent to the surface (Pasteris, 1 987) of mantle 
debris .  The xenocrystic diopside in sample 
N380 (Table 2 ,  anals 1 and 2)  has a high Si# 
and not quite enough AI to fill the T site. It is 
characterised by a Ca# (=Ca!Ca+Mg) of about 
0 .5 ,  and a high Mg# (Mg/Mg+Fe2+) which is 
always >90 .  The diopside is also Cr-bearing, 
wi th  up to 0 . 4 1  wt .% Cr203 . Th ese  
characteristics, along with the low Ti02 content 
(of about 0 .6 wt.%) are typical of high pressure 
xenocry s t s  in kimberlite s and l amproites  
(Nixon, 1 987).  Furthermore, the Ruri diopside 
xenocry s t  composit ions are s imilar to the 
compositions of diopside in Northern Tanzania 
OBP and mantle xenoliths from Deeti (Fig. 6) .  

Salite 

Occasional l arge cl inopyroxene cry stals 
occur at the cores of some melilititic lapilli . 
M uch of  the c l in opyroxene has been 
p s eudomorphed by  ca lc i te but  the fre s h  
c l inopyroxene i s  s al i te  (F i g .  5 ) .  S al i t ic  
c l inopyroxenes  have a l so  been found as  

euhedral microphenocrysts in the melilititic 
pelletal lapilli, and in the tuffisite matrix. The 
salite crystals are pale brown with a weak 
green-brown pleochroism, twinned and often 
have a strong concentric zoning. 

In general Ruri salite has lower silica than 
diopside but higher AI (Table 2, anals .  3-5) T 
site progressive saturation is coupled to an 
increase in Ti (Ti02 = 1 -2 wt .%)  and C a# 
(0 .60-0 .62 ) and lower M g# (0 . 7 8-0 . 84 ) .  
Quenched s al i te  microphen ocry s ts  i n  the 
groundmass of lapilli have higher Ca# (0 60- 0 
64), corresponding to a higher Wo molecular 
proportion (Table 2 ,  anal . 5 ) .  They are also 
poorer in Si, but richer in Ti and AI , than salite 
cores . The Ti02 content is around 3 .5 wt.% , 
and Al203 between 5 . 9  and 6 . 8  wt.  % .  This 
trend is  typical ly  found in  leuci t i te s ,  
nephelinites and carbonatite-related melilititic 
lavas (Cundari and Ferguson, 1 982, Stoppa and 
Principe ,  1 99 8 )  and is considered to be a 
product of low-pressure, high-temperature 
crystallization. The systematic enrichment in 
AI in Ca-rich pyroxenes is generally coupled 
with depletion in the Si concentration in the 
host  magma ( e . g .  K ushiro,  1 960; Le B as ,  
1 962) .  

Aegirine 

Green aegume and aegirine-augi te  
c l inopyroxene forms cleavage fragments  
scattered in the matrix and occur in a variety of 
fenitised rocks . They are mainly close to the 
aegume end- member a l though one  
composition plots in  the aegirine-augite field 
(Table 2, anals 6-8 and Fig. 5) They may well 
all be fenite-derived material .  

Phlogopite 

M ic a  phenocry s t s  occur  i n  many R uri 
s amples . They are usual ly  brown or d ark 
brown, pleochroic , and have strain features 
such as kink-banding.  Some crystals  have 
resorbed or ragged margins against the matrix. 
In sample N264 mica is partially replaced by 
fluorite, aegirine and carbonate. It is considered 
to be a xenocryst because is does not appear to 
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TABLE 2 

Representative analyses of clinopyroxene. 

sample N380 N380 S113 S 1 13 S267 S236 N 152 N 152 
mineral Cr-Diop Cr-Diop Salite Salite Salite Aeg Aeg Aeg 

1 2 3 4 5 6 7 8 

Si02 53.76 53.88 48.95 44.85 47.85 52.99 52.94 52.81 
Ti02 0.62 0.61 1.48 3.43 0.99 4.00 0.37 0.57 
Al203 1. 19 1. 16 3.69 6.77 5.52 1 .77 0.79 0. 19 
FeO* 3.30 3.44 9.92 1 1.45 12.74 
Fe203* nd nd nd nd nd 27.05 27.36 24.79 
Cr203 0.41 0.26 
MnO 0 . 1 1  0 .20 0.28 0.32 0.06 0.36 0.51 
NiO 0.08 
M gO 16.73 16.62 1 1.06 9.04 8.72 1.08 2.56 4.07 
CaO 24.68 24.86 22.97 22.06 19.89 0.81 4.50 8.09 
Na20 0.49 0.42 1.08 1 .41 1.85 13.42 1 1.58 9.36 
Total 101.29 101.33 99.35 99.29 97.88 101. 18 100.46 100.39 

Si 1.934 1.940 1.846 1.704 1.840 1.981 1.990 2.002 
Al 0.050 0.049 0. 164 0.303 0.250 0.078 0.035 0.009 
Ti 0 .017 0 .016 0.042 0.098 0.029 0. 1 13 0.010 0.016 
Fe3+ 0.070 0.06 1 0. 140 0.205 0. 152 0.705 0.773 0.641 
Fe2+ 0.029 0.043 0. 173 0. 159 0.258 0.055 0.000 0.066 
Cr 0.012 0.007 
Mg 0.897 0.892 0.622 0.512 0.500 0.060 0. 144 0.230 
Mn 0.003 0.006 0.009 0.010 0.002 0 .012 0.016 
Ca 0.951 0.959 0.928 0.898 0.819 0.032 0. 181 0.329 
Na 0.034 0.029 0.079 0. 104 0. 138 0.973 0.844 0.688 
Sum 3.997 3.996 4.000 3.992 3.996 3.999 3.989 3.997 

Ca# 0.51 0.52 0.60 0.64 0.62 0.35 0.56 0.59 
Mg# 0.97 0.95 0.78 0.76 0 .66 
Q 1.88 1.89 1.72 1.57 1.58 0. 15 0.33 0.63 
J 0.07 0.06 0. 16 0.21 0.28 1.95 1 .69 1.38 
WO 48.76 49.05 49.66 50.38 47. 10 3.78 16.33 25.66 
EN 45.99 45.6 1 33.26 28.71 28.74 7.07 12.95 17.95 
FS 5.26 5.35 17.08 20.91  24. 16 89. 15 70.73 56.40 
WEF 96.50 97.01 9 1.62 88.39 85.21 7. 16 16.61  3 1.78 
JD 0.00 0.00 0.54 0.38 5.49 7. 18 2.65 0.90 
AE 3.50 2.99 7.85 1 1.23 9.30 85.66 80.74 67.33 

Diop = Diopside, Aeg = Aegirine. FeO* and Fe203* =total iron. Fe2+fFe3+ calculated on the basis of charge balance. 
below detection limit estimated as 0.05 wt.%. nd not determined. 

be stable in the host melilititic or carbonatitic fill the tetrahedral site (Table 3) .  Consequently 
pyroclastics . the mica s tructure i s  tri -octahedral and its 

The A l203 content of the Ruri micas is nomenclature is b as e d  o n  M q I Fe ratio 
generally low, < 13 wt.%, and is just enough to ( M c C ormick and L e  B as, 1 9 96 ) .  Ti02 i s  
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Wo WEF 
OBP = olivine-biotite-pyroxenite 
From Northern Tanzania xenoliths 
(Dawson & Smith, 1992). 
DT = Amph-Phl-bearing Sp-pcridotite 
xcnoliths from Deeti (Tanzania) 
Johnson et al., 1997. 

OBP 
DT 

N380 
SII3 

S267' 

Aegirine-augite 

!:----------------c-----1, Nl52 

Aegirine 

En Fs Jd 

• NI 52 
• N264 Ill * 
V 

s236 Ae 
Fig. 5 - Clinopyroxene classification diagram. Enstatite (En)-Ferrosilite (Fs)-Wollastonite (Wo) and WEF-Jadeite (Jd)­
Aegirine (Ae) endmembers. 

OBP 

0.98 N380 

Sl13--DD 
0.94 

�ve�!(ikorongo j � Xcnoliths 

1 � Tephra 

I� Lavas 

0. 90 +------.--,--r---,----.-------.___:�==;:::==;:-:=-=-J 
0.5 0.6 0.7 0.8 0.9 

Mg# 
Fig. 6 - Ruri clinopyroxene compositions compared with clinopyroxenes in xenoliths, lavas and tephra of Katwe­
Kikorongo, in OBP, in Deeti xenoliths (DT) and in kimberlites. See text for references. Ruri analyses are indicated by 
sample number. 

generally low, below 2 wt.% and only biotite in 
sample S 1 1 3 has high Ti02, up to 4.55 wt. %. 
An Al203 vs Ti02 variation diagram (Fig. 7) is  
used  to  compare mi cas  from extrusi ve 

c arbonati tes  ( R angwa,  R o s atel li et  al . ,  
submi tted; Uyaynah, Woolley et al., 199 1 ) ,  
melilitites o f  the Ugandan rift (Lloyd e t  al., 
200 1),  fenites at Loe Shilman, India (Mian and 
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TABLE 3 

Representative analyses of mica 

sample N264 N264 N264 N696 N696 S 1 13 S l l3 S347 S347 
analysis #6 #8 #9 #38 #39 #12 #13 #32 #37 
mineral phl phl phl bio bio bio bio bio phl 

Si02 40.92 42.99 40.85 38.39 37.90 34.84 34.70 44.58 44.67 
Ti02 1.56 1.43 1.64 1.40 1.02 4.46 4.55 0.92 0.70 
Al203 1 1.23 10.42 10.94 8.29 10.36 12.43 12.68 12. 13 10. 12 
FeO* 5.82 6.72 7.92 21.23 24.07 21 .51 2 1.82 15.46 13.09 
MnO 1.72 1.38 2.01 0.55 0.28 0.42 0.46 0.26 0 .21 
M gO 19. 19 19.37 18.20 12.48 9.95 10.45 10.08 12.42 16.79 
CaO 0.36 0. 13 0.21 0.44 0.29 0.68 0.44 
BaO 1.69 1.21 2.69 0.07 0.53 0.52 0. 10 0.07 
Na20 0.27 0.62 1. 13 0.28 0.09 0.64 0.58 0.52 0.94 
K20 9.82 9.58 8.76 9.68 10.00 9.28 9. 16 8. 14 8.65 
F 3.87 3.85 3.46 1.93 1.59 0.49 0.58 1.94 2.81 
Total 96.45 97.70 97.81 94.74 95.55 95.05 95. 13 97. 15 98.49 

Cation calculation based on 22 0 
Si 
AI[IV] 
AI[ VI] 
Ti 
Fe2

+ 
Mn 
Mg 
Ca 
Ba 
Na 
K 

6. 143 
1.857 
0. 128 
0. 176 
0.731 
0.219 
4.295 
0.058 
0.099 
0.079 
1.881  

6.324 6 . 116 
1.676 1.884 
0. 129 0.045 
0. 158 0. 185 
0.827 0.992 
0. 172 0.255 
4.248 4.062 
0.020 0.034 
0.070 0. 158 
0. 177 0.328 
1.798 1.673 

6. 151 6.058 5.513 5.494 6.533 6.492 
1.564 1.942 2.316 2.364 1.467 1.508 
0.000 0.008 0.000 0.000 0.626 0.224 
0. 169 0. 123 0.531 0.542 0. 101 0.077 
2.845 3.218 2.846 2.889 1.895 1.591  
0.075 0.038 0.056 0.062 0.032 0.026 
2.98 1  2.371 2.465 2.379 2.713 3.638 
0.076 0.050 0. 107 0.069 
0.004 0.033 0.032 0.006 0.004 
0.087 0.028 0. 196 0. 178 0. 148 0.265 
1.979 2.039 1.873 1.850 1.522 1.604 

Sum 15.666 15.599 15.732 15.931 15.875 15.829 15.790 15. 150 15.498 
Mg# 0.85 0.84 0.80 0.51 0.42 0.46 0.45 0.59 0.70 
Mg/Fe 5.9 5. 1 4. 1 1.0 0.7 0.9 0.8 1.4 2.3 

FeO* =total iron. - =  below detection limit estimated as 0.05 wt.%. 

L e  B a s ,  1 9 8 7 )  and i ntru sive c arbon ati tes  usually Ba- and F-rich (e  g Seifert et  al., 2000; 
(Vi ladkar, 2000 ) .  The mi c a s  i n  extrusi ve Viladkar, 2000; McCormick and Le Bas, 1 996) .  
carbonatites have low Al203 ( < 13  wt.%) and The F content varies sympathetically with MgO, 
low Ti02 ( <3 wt.% ) ,  similar to fine-grained thus decreasing with magma differentiation.  

intrusive carbonati tes (alviki te) .  In contrast, Release of F in fenitising fluids is  also possible, 

micas in melilitites have high Al203 (> 12 wt. as testified by the high F in micas from fenites 

%) and high Ti02 (> 8 wt.%). Fenites from Loe and glimmerites (Seifert et al., 2000).  

Shi lman have intermediate Al203 and Ti02 . 
Amp hi bole Most of the Ruri micas fall within the range of 

micas in extrusive carbonati tes from Rangwa Brown amphi bole with weak pleochroi sm, 
and Uyaynah. several cm long, occurs as large xenocrysts in 

Micas in alkaline carbonatite complexes are one carbonatitic tuff (S 1 13) .  Its composition and 
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Fig. 7 - Mica Al203 vs Ti02 plot. Mica in extrusive 
carbonatites is Al203 and Ti02 poor, those in melilitite 
Al203 and Ti02 rich. 

structural formula are close to pargasite (IMA 
classification, Table 4 ). It has a high Mg# @ 
0 .70 , and is F-rich. The Ti02 content reaches 3 .8 
wt.% , but Cr and Ni are below the detection 
limits, estimated as 0 .05 wt.%. At Deeti ,  near 
Kerimasi volcano, Tanzania, the carbonate-rich 
meli li ti te tuffs contai n  l arge amphibole  
xenocrysts  and amphi bole-bearing mantle 
xenoli th s  (J ohn son et al. ,  1 9 9 7 ) .  The 
compositional relationships between pargasite 
amphibole xenocrysts in melilitite tuff at Deeti 
and Ruri are compared in terms of Mg# vs Ti02 , 
with amphibole in Deeti mantle xenoliths and 
wi th p argasi te xenocry s ts  occurri n g  i n  
carbonatite lapilli tuffs at Kerimasi (Jones and 
Church, personal corn) (Fig. 8) .  The Ruri and 
Deeti pargasite xenocrysts have lower Mg# and 
higher Ti02 with respect to amphiboles in the 
Deeti mantle xenoliths and Kerimasi xenocrysts. 

L aser Abl ation ICP M S  determination of 
REE in amphibole S 1 13 i s  reported in Table 4 

and plotted on Fig. 9 .  O verall the amphibole 
displays enrichment in LREE over MREE and 
HREE , with a linear enrichment of MREE on 
HREE and a flat to convex-upward L REE 
pattern segment. It has a low LaiN dn ratio ( < 1) 
and a hi gh C e/ L un rati o  ( � 16 - 1 7 ) .  S uch 
patterns ,  have been observed in amphiboles 
from mantle veins (i.e. Ionov and Hofmann, 
1995; Ionov et al., 1997). 

TABLE4 

Amphibole composition (sample SJJJ ). 

analysis # 1  #2 

Si02 39.88 39.66 
AI203 12.43 12.01 
Ti02 3.78 3.86 
FeO* 10. 12 10.33 
M gO 13.62 13.57 
MnO 0.09 0. 14 
CaO 12.39 12.20 
Na20 2.42 2.43 
K20 1.98 2.00 
F 0.23 0.23 

Total 96.94 96.43 

Si 5.989 5.999 
AJ[IV] 2.0 1 1  2.001 
AI[ VI] 0.189 0. 140 
Ti 0.427 0.439 
Mg 3.050 3.060 
Fe2+ 1.271 1.307 
Mn 0.012 0.018 
Ca 1.994 1.978 
Na 0.704 0.712 
K 0.379 0.387 
Sum 16.026 16.041 
Mg# 0.71 0.70 

Aver. of 3 Stdev 

La 12.6 0.26 
Ce 32.8 0.44 
Pr 5.8 0. 12 
Nd 29.6 0.62 
Sm 6.8 0.62 
Eu 1.9 0.06 
Gd 5.6 0.36 
Tb 0.6 0.04 
Dy 3.5 0. 19 
Ho 0.5 0.06 
Er 1.0 0.04 
Tm 0. 1 0.02 
Yb 0.6 0.09 
Lu 0. 1 0.02 
La/NdN 0.84 
Ce/LuN 16.81 

FeO* =total iron. Analysis by EMPA and LA ICP MS- see 
text for details. 
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Fig. 8 -Comparison of amphibole at Ruri with amphibole at two extrusive carbonatite localities in Tanzania. Ruri pargasite 
(S 113) is similar to pargasite xenocrysts at Deeti. See text for references. 
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Fig. 9- REE in Ruri pargasite (Sl l3). 
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Cr-spinel and Ti-magnetite 

Spinel occurs as crystal fragments at the 
cores of some melilitic lapi lli ,  and as small 
euhedral crystals scattered in the groundmass 
of these lapilli (Table 5 ) .  Crystals in lapi lli 
cores are Cr-spinel, with Cr203 up to 37 wt.% 
(Table 5, anals.  2-5), a composition similar to 
spinel in mantle xenoliths (Barnes and Roeder, 
200 1 ) . Interestingly, both Cr-spinel and mantle 
olivine (see above) have been found in the 
same sample (S267) .  In the groundmass the 
composi tions are spinel (Table 5, anal . 6 ) ,  
magnetite with some ulvospinel solid solution 
(Table 5, anals.  1 ,  7- 1 0) .  The compositions of 
Ruri m ag neti te  overlap the magneti te 
composi ti on s  in  nearby Rangwa extrusi ve 
carbonatites and show a similar depletion trend 
in Al203 and MgO coupled with increasing Fe 
(Fig. 10) .  Such a trend has also been observed 
in alviki tes from Zambia (Bailey and Kearns, 
2002 ) .  The high Ti content indicates a high 
temperature of crystallisation. 

Melilite and Feldspathoids 

As mentioned above, some partially altered 
melilite crystals preserve the median crack and 
a peg s tructure . However ,  genera l ly ,  the 
melilite laths are completely replaced by calcite 
and/or montmorillonite (XRD identification), 

- and other K-bearing clay minerals (Table 6) .  
Clay minerals also replace pseudomorphs after 
feldspathoids, possibly nepheline. 

Prinwry carbonate 

Carbonate from the Ruri juvenile material is  
calcite with low MgO ,  generally <0 3 wt.% 
(Table 7) .  It occurs as fiammae, phenocrysts in 
lapi lli and in the fine-grai ned matri x .  The 
fiammae in sample N264 have high SrO ( 1 .3-
1 .9 wt. %),  BaO (0 .6- 1 .2 wt.%, MnO ( 1 .5-2 .4 
wt.%) contents, low FeO and negligible M gO 
(Table 7, anal. 1 ,  Fig. 1 1 ) .  The phenocrysts and 
the groundmass in the carbonatite lapilli, have 
high SrO,  averaging 1 .0 wt.% , but low MnO 

· ( Table  7 ,  an al s .  2 -4 ) . The i nterl api l li 
groundmass calci te has vari able Sr and Mn 
(Table 7 ,  anal . 7 ) .  Sovite-alvikite fragments 

have relati vely high SrO but low M nO and 
BaO similar to the lapilli (Tab 7, anal . 5 -6 ) . 
Hi gh S rO ,  B aO and very hi gh M nO and 
MnO/FeO are considered characteri stics of 
primary magmatic carbonate (Sokolov, 1 9 84) . 

SecondaJ)J carbonate 

L o w  contents  of S r , B a ,  and M n  are 
consi stent wi th a secondary ori gi n  for the 
sparry calcite cement in sample N 122 (Table 7,  
anals. 8-9) .  In sample S276 the sparry cement 
i s  commonly intergrown wi th fluori te and 
characteri sed by very variable SrO and MgO 
contents, of 0 .2 - 1 . 1  wt.% and 0 .3 - 1 .4 wt.% , 
respectively, but low MnO and BaO (Table 7, 
anal. 9). Sr and Mg may have been mobilised, 
suggesting a hydrothermal origin .  In sample 
N34 7,  calcite completely replaces melilite in 
the lapilli and its composi tion spans that of 
primary igneous and secondary calcite. Calcite 
blebs i n  di opsi de xenocrys ts  ( N3 80 ) have 
irregular rims of small subhedral magneti te 
cry s tal s ,  probably representi n g  a quench 
mineral and suggesting a magmatic origin for 
the carbonate . However, this calcite has low 
SrO ( < 0 .3 wt.%), low M nO, variable M gO and 
BaO below detection. This may be the primary 
composition but, since it  i s  also possible that 
the carbonate has recry stalli sed to form a 
composition consistent with secondary calcite, 
no firm conclusion can be drawn. 

DISCUSSION 

Magma fragmentation and pyroclastic 
structures 

A t  N orth and S outh Ruri ,  m o s t  of the 
extrusive cover has been removed by erosion, 
leaving conduit-vent breccias and agglomerate, 
commonly encasing late-emplaced alvikite and 
sovite. The fragmental nature of the Ruri rocks 
and the p auci ty of obvi ous  j u veni l e  
components suggest a possible brecciation of 
the pre-Ruri basement. Further analy ses of 
discrete mineral fragments, lapilli and matrix, 
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TABLE 5 

Representative analyses of spinel group 1ninerals. 

sample S267 S267 S267 S267 S267 S267 S267 S267 N 152 N380 
mineral Ti-mag. Cr-spinel Spin. Ti- mag. 

1 2 3 4 5 6 7 8 9 10 

Si02 0. 10 0.06 0.09 0 . 1 1  0.08 0. 10 0.09 1.34 0. 15 
Al203 3.5 1 44.24 37. 16 39. 17 24.26 59.46 1.32 1.22 0.67 3.7 1 
Ti02 13.27 0. 11 0.70 0.67 1.08 0.43 10.58 10.84 5.67 13.85 
Fe203 42.37 4.10 9.28 8.46 6.85 7.49 46.02 46.38 52.07 36.86 
FeO 30.00 9.71 1 1.46 11.93 13.49 9.58 38.50 38.79 32. 16 34. 15 
Cr203 20.76 22.30 20.89 37.07 1.56 0.05 
M gO 8.02 18.71 17.18 17.18 14.76 20.95 0.82 0.84 0.78 5. 14 
MnO 0.94 0.14 0.24 0.12 0.09 0. 12 0.93 1.00 2.09 0.89 
CaO 0.35 0.11 0 . 10 1.32 0.24 
Total 98.56 97.83 98.52 98.63 97.68 99.69 98.26 99.07 96.10 95.04 

Cation calculation based on 32 0 
Si 0.028 0.012 0.020 0.025 0.019 0.020 0.027 0.418 0.044 
Al 1. 176 11.594 10.055 10.506 7.053 14.408 0.475 0.435 0.246 1.312 
Ti 2.839 0.018 0. 120 0.114 0.199 0.066 2.434 2.474 1.33 1 3.126 
Fe3+ 9.074 0.686 1.603 1.449 1.271 1.158 10.595 10.592 12.239 8.326 
Fe2+ 7. 14 1  1.805 2.200 2.270 2.782 1.647 9.850 9.846 8.400 8.574 
Cr 0.006 3.650 4.047 3.759 7.229 0:253 0.011 
Mg 3.40 1 6.202 5.879 5.828 5.426 6.420 0.374 0.379 0.362 2.299 
Mn 0.226 0.026 0.046 0.022 0.0 18 0.020 0.24 1 0.257 0.552 0.226 
Ca 0. 106 0.026 0.024 0.44 1 0.076 
Sum 23.997 23.993 23.996 23.997 23.997 23.992 23.996 23.983 23.989 23.994 
Mg# 0.32 0.77 0.73 0.72 0.66 0.80 0.04 0.04 0.04 0.21 
Cr# 0.24 0.29 0.26 0.51 0.02 0.01 

Endmembers 

S267 S267 S267 S267 S267 S267 S267 S267 N152 N380 
#23 # 1  #3 #4 #7 #9 #11  #8 #49 #60 

Spi 7.36 72.50 62.90 65.69 44. 10 80.37 2.98 2.73 1.54 8.21 
Her 9.73 
Qa 18.25 0.39 1.76 1.74 2.75 0.85 1.05 4.26 10.76 
Mfe 4.29 7.47 4.0 1 7.95 
Jac 2.83 0.58 0.28 0.26 3.0 1 3.21 6.9 1 2.83 
Usp 17.61  1.08 29.92 30.00 17.62 28.90 
M ne 0.33 0.23 
Pie 0.05 10.32 
Chr 0.04 22.45 25.32 23.50 34.65 1.58 0.01 0.04 0.07 
Mag 53.90 1.99 4.77 6.99 63.23 63.01 69.62 49.23 
Sum 99.95 99.96 99.93 99.96 99.96 99.95 99.97 99.96 99.95 99.96 

Fe3+fFe2+ calculated on the basis of charge balance. -=below detection limit estimated as 0.05 wt.%. Endmembers after 
Stormer (1983): Spi Spine! MgAl204, Her Hercynite FeAl204, Qa - Qandilite Mg2 Ti04, Mfe - Magnesioferrite 
MgFe204, Jac- Jacobsite MnFe204, Usp- Ulvospinel Fe2Ti04, Mnc Manganochromite MnCr204, Pie Picrochromite 
MgCr204, Chr Chromite FeCr204, Mag- Magnetite FeFe204. 
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Fig. 10- Comparison between spinel in Ruri, Rangwa, Fort Portal and Zambia carbonatites. 

TABLE 6 

Analyses of supposed nzelilite alteration 
products. 

sample S236 S276 S276 
analysis 1 2 3 

Si02 57.50 54.80 52.60 
AI203 22.70 17.40 16.40 
Ti02 0.21 0.38 1.16 
Fe203* 2.82 7.54 10.20 
M gO 2.34 4.41 6.68 
MnO 0.12 
CaO 2.60 3.02 4.68 
Na20 0.07 0.24 
K20 0. 19 0.45 2.20 

Total 88.43 88.00 94.28 

Fe203* =total iron. - =below detection limit estimated as 
0.05 wt.%. 

pre sented i n  the p revi ous  sec ti on s ,  have 
enabled us  to recogni se  them as j uveni l e  
fragments produced b y  subvolcanic or deeper 
magma fragmentation. Only a very few of the 
brecci ated faci es  may b e  related to  
rheomorphi s m  of sub-volcani c dikes  

(alviki tes) .  Al l  the rest are pyroclastic  rocks 
related to, highly explosive volcanism. Owing 
to the highly explosive  nature of the Ruri 
volcanic acti vi ty ,  i t  i s  presumed that more 
extrusive material was originally dispersed by 
the eruptive column and surges over a wider 
area .  The origin and mechani s m  of such a 
phenomenon i s  distinctive and possibly related 
to the near-primary nature of the magma and 
rapid emplacement from source to surface. 

The Ruri rocks are a mixture of silicate and 
carbonate juvenile components plus accessory 
lithics and xenocrysts. The texture of the tuffs 
i s  unusual ,  being modi fi ed by thi s bimodal 
composi ti on and c an be explai ned by the 
different viscosities of carbonate and silicate 
liquids . The latter are clearly eo-eruptive at 
Ruri and thus  we have to assume a similar 
eruption temperature for the two phases, which 
were physically separated during emplacement. 
The difference in the texture and structure of 
the pyroc las t s  formed by meli li ti te  and 
carbonatite can easi ly  be explai ned by the 
differing vi scosi ties of the separated melts ,  
whi ch c au s e s  them to  h a ve different  
rheologi c a l  beh avi our duri n g  volc ani c 
processes . Immiscible separation, turbulence, 
fragmentation and varying shapes and sizes of 
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TABLE 7 

Representative analyses of calcite. 

sample N264 Nl52 Sl13 N122 S276 
occurrencefiammae trachytoidal lapillus alvikite lapillus sparry calcite 

pheno pheno gr.mass fragment gr.mass cement 
2 3 4 5 6 7 8 9 

1 2 3 4 5 6 7 8 9 
Si02 0.05 0.08 0. 14 
FeO* 0.31 0. 13 0.47 
M gO 0.05 0.34 0.26 0. 18 0. 12 0. 1 1  0.02 0. 17 0 .31  
M nO 1.�7 0. 1 1  0.07 1.74 0.67 
CaO 55.04 55.2 56.45 55.74 55.77 56. 14 54.16 57.94 53.75 
SrO 1.88 1.31 0.85 0.91 1.04 0.82 0.18 0. 1 1  0. 12 
BaO 1. 12 0.05 0.22 0.06 0. 1 0 .06 0. 13 
Total 60.02 56.9 57.89 56.96 57.03 57.26 56.78 58.89 54.32 

FeO* = total iron. pheno = phenocryst; gr.mass = ground mass. - =below detection limit of about 0.05 wt.%. 

volcanic particulates ,  and the formation of 
internal structures of the lapilli can be triggered 
in the magma column by differential viscosity 
and velocity. Melilitite forms a specific type of 
lapi l li with clear concentric layering. Thi s 
structure i s  apparently related to the accretion 
of glass veneers of melilite-crystallising melt 
around a s o li d  kernel of o li vi ne  or 
clinopyroxene. This process is related to the 
hi gher vi s c o si ty an d surface tensi on of 
melili tite liqui d  with respect to carbonatite 
liquid. Melilite would wet easily, in possibly 
under-cooled condi ti ons ,  to solid fragments 
such as mantle debris and xenocrysts. In fact, 
Ruri melilitite lapilli invariably have a high 
pressure cry stal kernel. It i s  inferred that 
magma fragmentation may be early and deep­
seated, because C02 exsolution can occur at 
higher pressure than exsolution of supercritical 
H20. In similar material elsewhere, and notably 
Vulture, Italy, melilitite lapilli have an external 
rim of carbonatite (Stoppa and Principe, 1998 ;  
Stoppa and W oolley,  1 996) . This c an also 
reflect late separation in subvolcanic conditions 
(Stoppa et al., this volume). Carbonatite tends 
to form very s m a l l  dro p le t s ,  w hi c h  were 
sprayed out during eruption to form the micritic 
carbonatite matrix of the tuffs. Carbonatite 
non-nucleated l api l li , whi c h  are si mply  
c arbonate l api l li ,  p o s sib ly  formed b y  

coalescence o f  smaller drops under volcanic 
conditions. These lapilli were evidently still  
plastic during emplacement because they were 
deformed to fiammae. All  the subvolcani c  
processes must have been high energy, because 
the ri sin g  magma column w a s  abl e  to  
disaggregate and carry dense mantle debris. 

O n  a global scale,  a small proportion  of 
juvenile component compared to the associated 
brecciated facies and pelletal lapilli seems to be 
typi c al of kimberli tes  and other flui di sed 
breccias that are consi dered to be a convoy 
produced by explosive propagation of deep­
seated fluids, namely C02 , towards the surface 
(Mitchell ,  1 9 9 7 ) .  Thi s i s  supported by the 
presence of the c arbonati te phase wi th no 
magma-coolant effects , the ability to carry 
mant le  xenoli th s  and the ab sence  of any 
features to suggest  blast-tri ggered surface 
processes such as phreatomagmatism. 

Petrological inferences 

Some distinctive features allow us to make 
some i nferences about the melilititic, mantle 
debris and carbonatitic components in the Ruri 
pyroclastics. The primary carbonate occurs as 
extremely fine-grained, turbid material in the 
m atri x ,  i n  droplets , l api l li , fi ammae and 
porphyritic lapilli. All of  these occurrences are 
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melt fragments that formed in a viscous state 
(acneli ths), which indicates the presence of a 
high temperature quenched or precipitating 
c al ci te ,  li qui d  phase .  However ,  rapi d 
recrystallisation of igneous carbonates makes 
the calcite composition typically variable even 
if higher temperature quenched fragments 
(fiammae) and most of the calcite laths and fine 
grained matrix,  have high contents of Sr, Ba, 
Mn expected for pri m ary c arbonate i n  
carbonatite. 

The li qui du s  mineral as soci ati on in the 
groundmass of the melilititic lapilli is  melilite, 
apatite, magnetite-ulvospinel, mica, salite and 
possibly some foids . Calci te pseudomorphs 
after melilite can be distinguished from fresh, 
monocry sta l line  l aths  of c alci te by thei r  
internal structure and the presence o f  silicate 
alteration products . All the rest of the essential 
minerals seem to be higher pressure xenocrysts 
or megacrysts; Cr-diopside, olivine, amphibole 
and Cr-spinel have composi ti ons si milar to 
those found in mantle nodules from other Rift 
Valley localities. 

The erupti on of m antle debri s ,  c alci te­
carbonatite and melilitite is  now known to be a 
c o mmon fe ature of extrusi v e  c alci te 
c arbonati te s .  S everal di s tri c t s  have been 
des cri b ed wh ere fi e ld  relati on s hi p s  and 
geochemi stry demonstrate that  these three 
components are a conjugate trio which was eo­
erupted in a state of physical separation. The 
best  examples are from K atwe-Kikorongo, 
Uganda (Lloyd et al., 1987),  the Italian Ultra 
Alkaline Province (Stoppa and Woolley, 1996), 
Eife l ,  Germany ( L l oyd et  al . ,  1 9 9 1 )  and 
Qui nli ng,  China  (Yu Xuehui et al . ,  200 1 ) .  
Accordi n g  t o  the resu l t s  o f  experi ment al 
petrology calcite carbonatites should not form 
in the mantle or erupt in isolation. However, 
there is no doubt about capability of carbonatite 
to carry mantle fragments . Even diamonds have 
been recogni sed in alvikite dikes associ ated 
with melilitite-carbonatite tuffisite-diatremes in 
Uzbekistan (Djuraev and Divaev, 1999). Italian 
c arbonati t e s ,  and es peci al ly  the P o li n o  
carbonatite, carry large amounts of ultramafic 
mantle debri s .  O wi n g to thei r  regi o nal 

association with melilitites, it is  supposed that 
the mantle debris  separated from melilitite at 
the moment of i mmiscible separation in the 
upper mant le  regi on and duri n g  rapi d 
entrainment in the diatremic conduit to form 
tuffisites (Stoppa et al. ,  this volume). 

There are some clear facts about the natural 
occurrence of conj ug ate c arbon ati te  and 
melilitite .  Substantial isotopic and geochemical 
equi li bri u m  has  been demon s trated even 
though the rocks often have di fferi n g  
mineralogy (Castorina e t  al., 2000) .  This fact 
suggests that the separation is early and then 
the two liquids follow different crystallisation 
patterns .  Subvolcanic or volcanic processes can 
re-arrange the two fractions mechanically in  
either a liquid or  a solid state but it  seems clear 
that the two phases tends to remain physically 
separated. 

The relation ships between small bimodal 
carbonati te-meli li tite volcanoes and larger 
alkaline mafic complexes is  still unclear. The 
Ruri centre, close to the large Kisingiri volcano 
c an be compared with other small  centres 
contai ni n g  hi gh energy faci es  and more 
primitive melts and mantle debri s  nearby to 
other large alkaline-carbonatite volcanoes. For 
examp l e ,  the Deeti tuff cone contai n s  
megacrysts o f  mantle-derived paragasite and 
clinopyroxene (Johnson et al., 1997) and is just 
to the northeast of the nephelinite-carbonatite 
volcano of K eri m a si ,  wi thi n the area of 
c arbonati ti c  tuffs . The M onti c chi o  L ake 
diatremes contain mantle xenoliths and consist 
of melilitite and carbonatite and penetrate the 
alkaline volcanics at Vulture, Italy (Stoppa and 
Principe, 1998) .  There are also some broader 
examples of a regional association between 
alkali ne  rock ( l euci ti t e s )  and meli li ti te ­
c arbon ati te and m a n t l e  nodu l e s  i n  t h e  
c arbonati t e  me li li ti te  di stri c t  of K atwe­
Kikorongo and leuci ti te  of  the  Bufumbi ra 
district in Uganda (Lloyd et al. ,  200 1 )  or the 
carbonati te-melilitite ULUD (Umbria-Latium 
Ultralkali ne Di strict ,  Stoppa and W oolley,  
1 996) and leuci ti te Roman Regi on i n  Italy 
(Cundari , 1994)  They could not be stri ctly 
cogenetic but a genetic link is likely. 



202 F. STOPPA, G. ROSATELLI, F. WALL and M.J. LE BAS 

S l i ght  difference in source depth and 
conditions could explain different occurrences 
that are produced by completely different 
mechanisms of magma detachment from the 
source and propagation through the lithosphere. 
This is in agreement with the potentially rapid 
evolution of a melilititic magma to phonolite 
and carbonatite (Stoppa and Cundari, 1 998) .  It 
is inferred that di atreme monogenet ic  
volcanoes are linked to  the rapid ascent of  a 
single magma batch which has not undergone 
to any evolution in a crusta! magma chamber. 
Diatremic propagation does not allow magma 
chamber formation which is, instead, typical of 
larger stratovolcanoes .  Commonly melilititic 
carbonatitic monogenetic activity is related in 
time and space at larger volcanoes which have 
more evolved rocks. Ijolite, syenite, the sovite 
intrusive suite and phonolite, associated with 
the Ruri rocks may derive from an olivine 
melilititic magma similar to that of the adjacent 
Kisingiri nephelinitic volcano. 

CONCLUSIONS 

The Ruri heterolithic tuffs are related to 
opening vent episodes and are mostly formed 
by country rocks. However, they maintain the 
physical evidence of a deep seated component 
such as ultramafic liquid and ultramafic debris .  
The presence of concentric lapilli with high 
pressure kernels forming pelletal tuffisites is 
crucial specific evidence of mantle magma 
rapidly rising to the surface in a diatremic 
conduit. It is inferred that the Ruri volcano was 
produced by the eruption of a meli l i t i te­
c arbonatite bimodal  magma,  very rich in 
juvenile gases , a fact which can explain the 
high degree of explosivity in this volcano and 
the absence of lava flows.  

The Ruri rocks add another example to the 
typical calci te  c arbonatite ,  meli l i t i te and 
ultramafic debris association. Unfortunately, 
Ruri does not offer discrete polycrystalline 
mantle  nodule s ;  they were prob ably 
disaggregated during rapid ascent from the 
mantle source. However, recognition of mantle 

debris and its association with ijolite-syenite­
sovite implies reconsideration of the melilitite­
carbonatite role in west Kenya magmatism.  
The orig in  of c arbonati te-alkal ine m afi c 
complexes may rest on a parental carbonatitic­
mel i l i ti t ic  magma being  ab le  to produce 
eruption of the immiscible pair melilitite and 
carbonatite or to produce differentiated rocks 
emp laced at different  crus ta!  levels  along 
different polythermal polybaric patterns. 

The Ruri melilititic component is not fresh 
and therefore not suitable for magmatogenetic 
studies .  However, associated mafic minerals 
permit the hypothesis that the mantle source 
was  s i m i l ar to that of other mel i l i t i t ic ­
carbonatitic districts in  the Great African Rift. 
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