
58 

On a series of volcanic rocks from the neighbourhood of 
the Lucalla River, Angola. 

(With Plate V.) 

By ~LaT~W HOLMES, D.I.C., A.R.C.S., B.Se., F.G.S. 

Demonstrator in Geolo~y, Imperial College of Science and 
Technology, London. 

With  Analyses by H. F. HARWOOI), M.Sc., Ph.D. 

[Read June 201 1916.] 

I. Introduction. 
I I .  Porphyritic Basalts. / 

I I I .  Nephelinite. | N e a r  the Lucalla River, 30 miles 

IV. Trachytes. t north of Cambambe. 
V. Augite-andesit~. 

VI. General Discussion. 
VII .  Note on a Basanite from Dombe Grande, near Benguella. 

I. In~'oduetion. 

E ST year, while working through the geographical collection of rocks 
in the Geological Department of the Imperial  College, I found an 

interesting series of volcanic rocks from the neighbourhood of the LueaUa 
River in the district of Cambambe, Angola, which hitherto has not been 
described. The specimens were collected about the year 1860 by 
J.  J. Monteiro, I a former student of the Royal School of Mines, who 

1 j .  j .  Monteiro, ' Angola and the River Congo,' 1875, vol. ii, p. 69, writes : 
'A  very interesting excursion was one I made [from Cambambe] about thirty 
miles in a northern direction, where I passed through most beautiful mountain 
scenery, the formation of the country being trachyte.' On pp. 65 and 70, he 
mentions the ser~ce of lavas lying between Senza do Itombe and Bango, and 
suggests that the two occurrences are connected. 

See also P. Choffat, 'Coup d'eeil sur la g6ologle do la province d 'An~ la /  
Comm. Dir. Trab. Geol. Portugal, 1895-6, vol. iii, pp. 84-91. 
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devoted many years to the exploration of Angola. The collection, though 
consisting of only ten specimens z comprises porphyrit ic basalts, alkali- 
trachytes, a nephelinite allied to monchiquite, and an augite-andesite. 
With  the pennisslon of Professor W. W. Wat t s  the rocks were investi- 

Railways. O Alkaline Igneous Rocks. 
. . . . . . . . .  Approximate Boundary between the Coastal Be]t (Tertiary and 

Cretaceous formations with local basins of Upper Karroo rocks) and the 
Arohaean Platform. 

SKETCH-MAP OF PART OF ANQOLA. 
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gated by Dr. H. F. Harwood and myself, the results being embodied in 
the present paper. 

A series of igneous rocks of Tertiary age from a neighbeuring locality-- 
between Senza do Itombe and Bango---has already been described, briefly 
by Senhor Pereira da Sousa, ~ and in greater detail by myself? The 
specimens were collected by my friend Colonel Freire d'Andrade in 1906, 
and include phonolites accompanied by nepheline-syenite and nepheline- 
monchiquite." 

Unfortunately the age of the rocks collected by Monteiro cannot yet 
be stated more definitely than that it is Post-Karroo. I t  is significant, 
however, that they occur, like their neighbeurs to the north-west (which 
are known to be of post-Cretaceous age), along the boundary between 
the sedimentary rocks of the coastal plain and the crystalline rocks of the 
Archaean belt that lies to the east. On the locality map (see p. 59) 
the approximate position of this boundary has been sketched in. I t  will 
be noticed that volcanic rocks again make an appearance at Dombe 
Grande, south of Benguella. A collection of rocks from this locality, 
made by L. ?,falheiro between the years 1882-6, included two frag- 
ments that were determined by J.  P. Gomes a s '  ]iparite' a n d '  nepheline- 
basalt '  respectively.' Prof. P. Choffat has kindly sent to me the original 
sections on which the identifications were based. The ' l ipari to '  is an 
arenaceous limestone, and the 'nepheline-basalt '  is described below as 
a basanite (p. 78). The lavas of Dombe Grande lie partly on a forami- 
niferal oolitic limestone of Miocene age and partly on mica-schist 
belonging to the Archaean belt. 

Basaltic rocks are very common between Benguella and Mossamedes, 
and are responsible for numerous small mesas rising to a height of 
200-300 feet never far from the coast. Monteiro describes the lavas 
as amygdaloids containing heulandite and calcite in great abundance? 
These again are of Tertiary age and lie over the boundary between the 
crystalline and sedimentary formations. 

I Pereira da Sousa, C. R. Acad. Sci. Paris, 1913, vol. clvii, p. 1450. 
2 A. Holmes, Geol. Mag., 1915, dec. 6, vol. ii, pp. 228-232, 322-328, and 366-370. 
See also G. Berg, Min. Petr. Mitt., 1903, vol. xxii, p. 359. 
s These are Probably the ' trap rocks' encountered by Livingstone almost at 

the commencement of his journey from Loanda to the Zambesi. ' Travels in 
South Africa,' 1857, p. 898. 

4 p. Choffat, Ice. cir., pp. 89 and 90. J .P .  Gomes, Comm. Dir. Trab. Geol. 
Portugal, 1896-8, vol. iii, p. 289. 

5 j. j. Monteire, loc. cir., p. 220. 
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I L  Porphyrltie Bas~lts. (Plate V, fig. 1.) 

The basalts are dark grey rocks having large porphyritic crystals of 
lsbradorite up to 8 cm. in length. The specific gravity of the specimens 
lie between 2.70 and 2.71, while that of the porphyritic felspar is 2.685. 
In one case (545) the rock is pitted with nearly spherical vesicles 
averaging 8 ram. in diameter and carrying a powdery lining of opal. 
In No. 548 analcime is present, though in small amount. Treated with 
acid the rocks effervesce slightly, giving off sulphuretted hydrogen, a fact 
which points to the presence of pyrrhotite. Here and there small 
tarnished specks of the mineral can be seen in the hand-specimens. 

Under the microscope the following minerals are recognized : 

Phenocrysts : 
Labradorite, macro-porphyritic and micro-perphylStic: average 

l~fractive index, 1.56. 
Olivine, micro-phenocrysts. 
Purple-brown augite (rare), micro-porphyritic. 

Groundmass : 
Labradorite : averag~ refractive index 1.56. 
Alkali felspar: average refractive index 1.525. 
Purple-brown augite accompanied by aegirine-angite. 
Titaniferous magnetite and pyrrhotite. 
Analcime and apatite in specimen No. 548. 

Vesicles : 
Opal in No. 545: n----1.45. 
Analcime in No. 548: n between 1.481 and 1.49. 

The groundmaes makes up rather less than half the rock. In it the 
three groups of minerals, felspars, pyroxenes, and iron-ores, are present 
in roughly equal proportions. The structure approaches the intersertal 
type, laths of labradorite separating grains of pyroxene. Most of the 
latter display purple tints and are presumably titaniferous, but a few 
have t]~e colour and pleochroism of aegirine-augite. Between the felspar 
laths and the pyroxene and iron-ore granules, there are limpid spaces 
occupied sometimes by untwinned orthoclase which includes minute 
needles of what is probably apatite, and sometimes (in 548) by an 
isetrepic constituent, the refractive index of which agrees with that 
of analcime. 

Set in this groundmass are large prismatic pbenocrysts of labradorite, 
accompanied by smaller ones that are only visible in thin section. 
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Ext inc t ion -ang le s  (e. g. 18  ~ on h rachy-p inako ida l  cleavage fragments) ,  

refract ive  index,  and  specific g rav i ty  i nd i ca t e  t h a t  the  composit ion is 

be tween  Ab6An a and  Ab ,  A n  e. Inc lus ions  of  i ron-ores  are common, 

pa r t i cu la r ly  towards  the  margins .  A few highly  refract ive  blebs are 

also present ,  and  t h e i r  h i g h  double  ref rac t ion  suggests  t h e i r  i den t i t y  

w i th  e i the r  zircon or  ruffle. A r o u n d  the  borders  of the  felspars the  

melanocra t ic  minera ls  are  somet imes not iceably concent ra ted .  Olivine 

occurs, only  in  one genera t ion ,  and  is r e m a r k a b l y  fresh, se rpen t ine  be ing  

found only a long a few microscopic cracks.  ~[ icro-porphyr i t ic  crystals  

of a u g i t e ~ p l e o c h r e i c  from purp le -b rown to s t r aw-ye l low- -a re  some- 

t imes  moulded a round  a nuc leus  of olivine, b u t  o t h e r w i s e  phenocrysts  of 
augi te  are rare .  

A n  analys is  of  specimen 548  was made  by  Dr.  Harwood  wi th  the  

fol lowing resul ts  : 

Per- Molecular 
centages. Proportions. Mineral Composition (' Norm'). 

SiO~ ... 47.98 ... 800 Orthoclase ... 12.28 
Al~0s ... 21"68 ... 213 Albite 22.82~ 
Fe.~Os ... 0-58 ... 4 Anorthi te  86.70t 75.91 
FeO ... 8.28 o... 115 Nepheline 4.66] 
MgO ... 3.13 ... 78 Diopside ... 5-85~ 
CaO ... 8.63 ... 154 Olivine ... 11.891 
NajO ... 8.65 ... 59 Magnetite ... 0.93~22.61 
K~O ... 2.06 ... 22 Ilmenite ... 4-26 | 
H~O 0.78 . . . .  Pyrite ... 0-18 J 
H~O (at 1 ~  ~ 0.72 ... - -  Water  ... 1-45 
TiO~ . ... 2-24 ... 28 
ZrO 2 ... 0.02 ... - -  99-97 
P~O~ ... 0.06 ... 
MnO ... 0-16 ... 2 
BaO ... 0-16 ... 1 
SrO ... trace ... 
S ... 0.09 ... 3 Class I I  ... Dosalane 

100.17 Order 5 ... Germanare 
less O for S 0.04 Pang 3 ... Andase (nearly Hessase) 

Subrang 4 ... Andose (nearly Hessose) 
100-18 

Specific gravity 2.71 

The rock bears a close resemblance to the  Markle  type  of the  Sco t t i sh  

Carboniferous basalts ,  no t  only in chemical  composition, b u t  also in 

s t ruc tu re  and  minera l  composition. ~ This  be ing  the  case i t  is in te res t ing  

to note t h a t  f a r t he r  sou th  in  Angola  t he re  is a porphyr i t i c  o l iv ine-basal t  

(Ki t ic ingue,  Port ichicorcoo)  t h a t  resembles the  Dunsapie  type. 2 Speci- 

F. H. Hatch, Trans. Roy. Soc. Edinburgh, 1892, vol. x ~ v i i ,  p. 119. 
G. W. Tyrrell, Trans. Geol. Soc. Glasgow, 1912, vol. xiv, p. 241. 

t Ibid., p. 245. 
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meus were collected by Mr. R. J. Cuninghame and are now in the 
British Museum (Natural History), where I was kindly allowed to see 
them by Dr. G. T. Prior. The rock has a groundmP-~ of lahradorits 
laths with grains of purple angite, much iron-ore, and a little olivine. 
Phenocrysts are present, generally in glomero-porphyritic masses, con- 
sisting of lahradorite (with inclusions of angite, iron-ore, and blebs of 
groundmass); augite zoned in tints of purple and straw-yellow and 
exhibiting beautifully developed hour-glass structure ; and olivine ~ m e d  
wi~ veins of serpentine. I 

III .  2V~2ifdge. (Plate V, fig. 8.) 

This is a dark grey, compact rock (546) speckled with small phenocry~d~ 
of pyroxene, and with straw-yellow to red coloured patches that seem to 
be characterized by the presence of nepheline. Specific gravity 2.85. 

The minerah present as seen under the microscope are : 

Phauooryat~ Groundma~ 

Nepheline. Nepheline. 
Analcime. Analcime. 
Aegirine. Orthoduse. 
Aegirine-augite. Calcite. 
Purple augitc. 
Grey-green augite. 
Barkevikite. 
Sphene. 
Apatitc. 
Titaniferous magnetite. 

Pyroxenes, forming a continuous series including the varieties named 
above, are by far the most abundant minerals present. In many of  the 
largest crystals (1 • 2 ram.), which are idiomorphic, the oolours are patchy, 
and irregular zoning may be seen. Generally the interior is mainly 
aegirine or aegirine-augitc, while the borders, and particularly the 
terminations (along the c-axis), are of a purple colour. On the contrary, 
the small crystals are largely or even wholly composed of purple augite ; 
aegirine-augitc when present is confined to the periphery. Finally, 
sprinkled among the idiomorphic crystals are irregular grains and blebs 

2 Other basalts and dolerites from the Benguella Plateau have been described 
byJ. P.de Naseiamento, 'A Colonisa~o de Angola,' Lisbon, 191~and G. W. TyTrell~ 
Trans. Roy. See. Edinburgl b 1916, vol. li, p. 558. 
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of grey-green augite. In the larger pyroxenes, apatite and magnetite, 
probably titaniferous, are present as inclusions. 

Ragged shreds of barkevikite--pleochroic from reddish-brown to 
straw-yellow--may be seen occasionally, the amphibole having grown 
from the exterior of the pyroxenes, and rarely independently. The 
extinction angle g ^ c is about 10 ~ and the birefringence is moderately 
high. 

Apatito is unusually abundant. I t  occurs in rounded crystals slightly 
elongated parallel to the c-axis, which are generally cl~wded with gas 
pores drawn out parallel to the direction of elongation. For this reason 
the mineral has a grey or blue appearance in thin section. Similar 
apatite in a nephelinite from the Little Island of Trinidad has been 
described by Dr. G. T. Prior? Sphene is present in wedge-shaped 
crystals o f  a grey-brown colour. Many of the crystals are twinned and 
show good pleochroism from greyish-white (X) to light brown (Z~ The 
mineral is often found clinging to the purple terminations of augite 
crystals or to titaniferous magnetite. 

Rounded phenocrysts of nepheline, and isotropic idiomorphic crystals 
of analcime, sometimes exhibiting a cubic cleavage, are seen in all- 
sections, though they are not uniformly distributrd. The same minerals, 
verified by refractive index measurements and staining methods, are 
found in the clear transparent groundmass. In  addition, however, 
a certain amount of orthochse is present. Calcite occurs in small grains 
as inclusions in analoime and nepheline. 

The structure of the rock is far from uniform. Within the main mass 
of the rock, which is moderately even in texture, and to which the name 
~hdlnite is appropriate, there occur irregular patches of two types. 
The one is finer in grain and darker in colour than the enclosing rock ; 
the other, coarser in grain and lighter in colour. These patches have 
fairly sharp borders, and are clearly cognate xenoliths or ' enclaves 
bom~og~nes' of respectively melanocratic and leucocratic composition 
relative to that of the surrounding nephelinite. The melanocratic type 
(fig. 4) consists mainly of pyroxenes with a great abundance of iron-ore ; 
apatite occurs as inclusions, and shreds of biotite and interstitial nephe- 
line are present in small amount. A rock of similar composition would 
probably be called jacupirazdgite. The leucocratic type is richer in 
nephelino, altered analcime, and apatite. Aegirine-augite is the chief 
pyroxene, and sphene and pevovskite are present in addition to the 

n G.T. Prior, Mineralogical Magazine, 1900, vol. xli, p. 322. 
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iron-ores, which in this case are less prominent. The mineral composition 
i~ clearly that of an ijoZi~e, 

Similar complementary inclusions have been recorded by Lacroix as 
occurring in the nephelinites of the Oberwiesenthal, ! and by Stelzner in 
the nephelinlte of Podhorn near Marienbad. | Similar leucocratie patches, 
but including orthoc]ase, have been found in phonolites from the Little 
Island of Trinidad s and from Fernando Noronha.' Although in the 
present c~lse there is little evidence on which to base an adequate expla- 
nation of the origin of the inclusions, the mineral associations of the 
latter suggest that they are complementary products of differentiation of 
the magma from which the enclosing nephelinite was crystallized. 

IV. T~'achyt~. 

Two Varieties of trachyte are represented in Montairo's collection. 
Both are characterized by phenocrysts of sanidine, with anorthoclase in 
the groundmass, but in the one biotite is the chief coloured mineral now 
recognizable, whereas in the other soda-pyroxenes and amphiboles are 
abundant, and biotite is absent. 

Biotite-Trachyte (560).--The hand specimen is of a cream-grey colour 
and has a well-marked flow-structure broken here and there by con- 
spicuous prismatic phenocrysts of sanidine, and spangled with shining 
flakes of hiotite. 

Under the microscope the only additional minerals that can be deter- 
mined are anoltboclase, which is present in the groundmass in minute 
laths, and in radiating groul~s of needle-like crystals; aegirine, which is 
developed in minute e!ongated crystals between the divergent members 
of groups of anorthoclase needles ; and a few grains of magnetite. 

The flow-structure is seen in thin section to be controlled by the 
development of alternate light and dark bands. The former owe thei r 
superior transparency to the greater abundance of microliths of anortho- 
clase. The dark bands are almost opaque on account of the presence of 
enormous numbers of black globulites, and amoIig these only a few 
extremely small hair-like felspars can be seen. In  each of the bands 
there are ragged shreds of an obscure reddish-brown alteration product, 

1 A. Lacroix, ' Lea Enclaves des roches volcaniques~' 1898, p. 531. For various 
explanations, see p. 641. et seq. 

I A. W. Stelzner, Jahrb. k.-k. Geol. Reiehsanst. Wien~ 1885, eel. xxv,tp. 277. 
s G. T. Prior, Mineralogical Magazine, 1900, eel. xii, pp. 820-821. 
40.  A. Derby, Amer. Journ. Sci., 1889, eel. xxxvii, p. 185. 
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and here and there a pleochroic core--reddish-brown to yellowish-green-- 
remains, suggesting a soda-amphibole as the parent material. Similar 
alteration products represent former amphiboles in the trachytes of 
Mozambique 1 and the Rift Yalley? 

The phenocrysts of sanidine are generally corroded by the groundmass, 
or sharply fractured by flowage. Inclusions of biotite, and grains of 
iron-ore are present, and many of the crystals are cut through by tongues 
of groundmass of the dark globulitic type. 

Aepiri~-Trachyte: (559) (Plate V, fig, 5).--In the hand-specimen of 
this rock, which is of a pale grey colour, thin prismatic phenocrysts 
of sanidius twinned on the Carlsbad law, are seen. They vary in length 
between 5 and 10 ram., and are distributed uniformly through the rock 
with their long axes parallel. 

Under the microscope the following minerals are seen : 

Phenocrysts. 
Sanidine. 
Aegirine and Aegirine-augite. 
Brown alteration products, 

probably secondary after an 
amphi bole. 

Trachytic Groundmass. 
Anorthoclase. 
Aegirine and Aegirine-augite. 
Soda-amphiboles. 
Iron-ores. 

The phenocrysts of sanidinc are idiomorphic and are free from cor- 
rosion. Inclusions of soda-pyroxenes and amphiboles, and of magnetite 
are present, the latter often in strings of small, well-shaped crystals near 
the periphery. In the groundmass, which has a typical trachytic 
texture, anorthoclase is by far the most abundant mineral. The laths 
are beautifully striated by fine lamellar twinning and give a mottled 
extinction. The extinction-angle is practically straight and the refrac- 
tive index and double refraction are just perceptibly higher than in 
sanidine. 

Soda-amphiboles are not abundant and, as in the blotite-trachyte, they 
are largely represented by patches of decomposition products. Around 
the latter, grains and shreds of aegirine are moulded, and occasionally 
between the aegirine and the secondary material, cossyrite is present in 
dark reddish-brown crystals. Elsewhere eossyrite occmz between suc- 
cessive laths of anorthoclase. Sometimes it grows on a nucleus of a 
katophorite-like amphibole (pleochroic in tints of rose-red, pm~le-hrown, 

i A. Holmes, Abstr. Prec. Geol. See., 1916, No. 994, p. 79. 
2 G. T. Prior, Mineralogical Magazine, 1903, vol. xiii, p. 241. 
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green, and yellow-green), but  in other cases shreds of the la t te r  have 

grown on cossyrite. I t  is noteworthy however, tha t  aegirine,  wherever  

the  relations can be ascertained, is of la ter  crystallization than ei ther  of  

the amphiboles. 
Aegirine,  varying to aegirine-augite,  is rare as phenocrysts, though 

occasional idiomorphic crystals diverge the stream of anorthoclase laths. 

I n  the groundmass , however,  i t  is abundant  in grass-green needles and 

granular  aggregates ly ing between the felspars. "Bo th  amphiboles and 

pyroxenes appear to have commenced their  crystallization before the 

anorthoelase, and even before sanidine, but  to have continued to crystal-  

lize beyond the periods of felspar generation. 

The rock bears a close resemblance to some of the t rachytes  of Eas t  

Africa, the main difference being that  most of the la t te r  carry phenocrysts 

of anorthoclase in addit ion to those of sanidine. This difference is 

reflected in the analyses by an excess of soda over  potash. I n  the 

t raehyte from Angola, on the contrary, potash is s l ight ly more abuL~dant 

than soda. Wi th  this exception the aegirine-trachytes of Somaliland, 

the H~hnel Islands, Lake Baringo, Masailand, and Mr. Meru are closely 

similar to that  here under  discussion, especially in the presence of cossy- 

r i te  and katophori te  in addition to tile more abundant  aegirine.  Other 

similar trachytes are those of S~o Thorn6, St. Helena, the Canary  Islands, 

and the Azores ; of Mr. Rotaro,  Ischia  ; of Algersdorf, Bohemia ; of the 

Ravin des Fleurs  jaunes, l~un ion  ; and of ~[t. Flinders,  Queensland. 

An  analysis of the Angola  aegir ine- trachyte (specimen No. 559) was 

made by Dr.  Harwood, with the  following results : 

Per- Molecular Mineral Composition (' Norm '). 
centages. Proportions. 

SiO~ ... 61.02 ... 1017 Orthoclase ... 36.70~ 
�9 . . . . . .  48.78[ ^ AI~O s 18"88 185 ~lbite 

Fe20 s ... 1.98 ... 18 Anorthite ... 6-67f~r~'zu 
FeO ... 1.86 ... 26 Corundum ... 0.20) 
MgO , .  0.42 ... 10 Hypersthene ... 1-66) 
CaO ... 1.34 ... 24 Olivine ... 0.16 [ 
NssO ... 5"76 ... 98 Magnetite ... 8.02[ 6.86 
K20 ... 6-22 ... 66 Ilmenite ... 1.52) 
HsO ... 1-81 ... - -  Water ... 2.14 
HsO(atl05~ 0.83 ... 
TiO2 ... 0.78 ... 
P20 . . . . .  0.007 ... 
MnO ... 0.28 ... 
SrO ... trace ... 

100.6:$ 

Specific gravity 2.46 

10 

8 

100.70 

Class I ... Persalane 
Order 5 ... Canadare 
Rang 2 ... Pulaskase 
Subrang 8 ... Pulaskose 
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T h i s  a n a l y s i s  is  r e p e a t e d  in  t h e  fo l l owi ng  t a b l e  for  c o m p a r i s o n  w i t h  

a n a l y s e s  of  s o m e  of  t h e  t r a c h y t e s  m e n t i o n e d  above .  A l l  a r e  c o n s p i c u o u s l y  

a l k a l i n e  types ,  a n d  e x c e p t  in  t h e  P ~ u n i o n  e x a m p l e ,  p o t a s h  (by  p e r c e n t a g e )  

i s  i n  exces s  o f  soda.  C h a r a c t e r i s t i c  f e a t u r e s  o f  t h e  a n a l y s e s  a r e  t h e  l ow  

m a g n e s i a  a n d  l ime.  T i t a n i u m  a n d  m a n g a n e s e  o x i d e s  a r e  h i g h e r  in  t h e  

A n g o l a  t r a c h y t e  t h a n  in  a v e r a g e  t r a c h y t e ,  m o s t  p r o b a b l y  on  a c c o u n t  o f  

t h e  p r e s e n c e  o f  coseyr i te .  

A. B. C. D. E. 

Si02 ... 61.02 ... 61.49 ... 61.62 ... 64.69 ... 60.58 
AlsO, ... 18"88 ... 18"25 ... 18"11 ... 18"34 ... 18-05 
Fe t e  a ... 1.98 ... 1-77 ... 2.86 ... - -  ... 8.05 
F e e  ... 1.86 ... 8.13 ... 1-28 ... 3-44 ... 1.38 
MgO ... 0.42 ... 0-41 ... 0.56 ... 0.50 ... 0-98 
CaO ... 1.34 ... 1.65 ... 1.44 ... 1.72 . .  1.74 
Na:,O ... 5.76 ... 6.78 ... 5.77 ... 4.61 ... 5.01 
K,O ... 6-29 ... 5"47 ... 7"60 ... 6"46 ... 6"87 
H~O ... 2"14 ... 0"96 ... 0"78 ... 0"24 ... 1.89 
TiO~ ... 0.78 ... 0"51 ... 0'87 ... 0"81 ... 0"88 
MnO ... 0"28 ... - -  ... trace ... trace ... 0.04 
P20~ ... 0.007 ... 0.09 ... 0.18 ... 0.18 ... 
BaO ... - -  ... - -  ... - -  ... 0~09 ... 
Inc l  . . . .  - -  ... - -  ... 0.15 ... - -  ... 0"07 

100.63 ... 99.81 ... 100.67 ... 100-58 ... 99.75 

A. Aegir ine- t raehyte ,  nea r  the  Lucalla River,  80 mi les  nor th  of Cambambe~ 
Angola. (Analyst ,  Harwood.)  

B. Phonol i t ic  t rachyte ,  Ravin  des F]eurs  jaunes~ l ~ u n i o n .  (Analyst ,  Boteau.) 
C. Trachyte ,  Monte" Rotaro, Ischia,  I ta ly.  (Analys t .  W a s h i n g t o n . )  
D. Trachyte ,  Algersdorf~ Bohemia.  (Analys t ,  Ull ik.)  
E. Aegir ine-soda- t rachyte ,  Mr. Fl inders ,  Queensland.  ~Analyst: Jensen . )  

V. Pyro~e-And~te. (P l a t e  V, fig. 2.)  

T h i s  r ock  (N'o. 5 4 4 )  is  d a r k  g r e y  in colour ,  a n d  h a s  a w e l l - m a r k e d  por -  

p h y r i t i c  t e x t u r e ,  t h e  c o m p a c t  g r o u n d m a s s  b e i n g  s p r i n k l e d  w i t h  p r i s m a t i c  

p h e n o c r y s t s  o f  i r o n - s t a i n e d  a n d e s i n e  a v e r a g i n g  10  x 5 ram.  i n  size.  

I n  t h i n  s e c t i o n  t h e  rock  is  s een  to  c o n s i s t  o f  p h e n o c r y s t s  o f  a n d e s i n e ,  

h y p e r s t h e n e ,  a n d  a u g i t e ,  e m b e d d e d  in  a coa r se ly  t r a c h y t i c  g r o u n d m a s s ,  

c o m p o s e d  of  a n d e s i n e  l a ths ,  i n t e r s e r t a l  g r a i n s  o f  y e l l o w - g r e e n  aug i t e ,  a n d  

a d a r k  i n t e r s t i t i a l  g l a s s  c r o w d e d  w i t h  b l a c k  g lobu l i t e s .  I r o n - o r e s - -  

m a i n l y  t i t a n i f e r o u s  m a g n e t i t e  a n d  a l t e r a t i o n  p r o d u c t s - - o c c u r  as  i n c l u s i o n s  

i n  t h e  p h e n o c r y s t s  a n d  a n  occas iona l  a p a t i t e  i s  enc losed  b y  h y p e r s t h e n e .  

I n  p l aces  t h e  g r o u n d m ~  i s  m i c r o - v e s i c u l a r ,  t h e  s p a c e s  b e i n g  o c c u p i e d  b y  

i r o n - s t a i n e d  opa l  a n d  cha l cedony .  A p a r t  f r o m  t h e  a l t e r a t i o n  o f  some  o f  

t h e  i ron-ores ,  t h e  r o c k  is  r e m a r k a b l y  f resh .  

T h e  p h e n o c r y s t s  o f  a n d e s i n e  a r e  g e n e r a l l y  i d i o m o r p h i c ,  c lear ,  a n d  
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glassy, and exhibit  characteris t ic  twinn ing  and zoning. The mean 

refractive index (nearly the same as that  of aniseed oil, 1.556) and the 

extinction-angles,  indicate that  the composition is about Ab e An,5. I ron-  
ores, grains of pyroxene, and patches of groundmass, are present as in- 

clusions, and in a few cases the inter ior  is an emulsion of blebs of dark 

brown glass and granules of yellow-green augite in a skeleton of andesine, 
surrounded by a clear mantle  of andesine of the s~me composition. The 

felspar laths of the groundmase are somewhat richer in the albite molecule, 

for the mean refractive index is nearly tha t  of nitro-benzol, 1.553, corre- 

sponding to a composition of A b  e An4o. The only inclusions present  

are dark globulites. 
The pyroxene phenocl3'sts occur in sl ightly rounded idiomorphs. 

Hypers thene was the first to ClTstalJize , and the smaller individuals  

frequently serve as nuclei to the later elTstals of angite. The la t ter  is of 

a l ight  greenish-brown colour, notably darker  than the yellowish grains 

of the gl~)undmass. 

The order of crystallization is easily determined to be as follows : ~  

Apat i te  and t i taniferous magnet i te ,  hypersthene, greenish-brown augite, 

andesine (Ab~ An4,), andesine (Ab,0 An~0), yellow-green augite,  leaving 

finally black globulites surrounding a residuum of glass. No bioti te or  

ort~,~oclase, corresponding to the potash, shown to be present by analysis, 

has been seen in any of the sections. 

An m~alysis of the andesite (No. 544) was made by Dr.  Harwood, wi th  

the following results : ~  

Per- Molecular Mineral Composition (' Norm '). 
centages. Proportions. 

SiOi ... 56.14 ... 986 Quartz ... 7.60 
AI20 s 17.81 175 Orthoclase 9.45 [ . . . . . .  75.24 Fe~O3 ... 2.69 ... 17 Albite 80.89 f 
FeO ... 4-67 ... 65 Anorthite ... 27.80} 
MgO ... 4.15 ... 104 Diopside ... 4.70~ 
CaO ... 6.81 ... 121 Hypersthene ... 12-63~^~. 
Na~O . .  8-59 ... 58 Magnetite ... 8 . 9 4 | z a ' ~  
K20 ... 1.63 ... 17 Ilmenite ... 2.28} 
H~O ... 0 67 ... m Water ... 1.16 
HgO (at 105 ~ C.) 0.49 ... - -  
TiO~ ... 1.2'3 ... 15 99.95 
PsOs ... 0.12 ... - -  
MnO ... 0-08 ... 1 
SrO 0-01 - -  Class I I  ... Dosalane 

. . . . . .  Order 5 Germanare 
BaO ... 0.04 ... - -  Rang 8 iii Andase 

100-13 Subrang 4~ ... Andose 

Specific gravity 2.68 
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T h e  a n a l y s i s  i s  i n  no  w a y  e x c e p t i o n a l ,  t h o u g h  i t s  r e l a t i on  to  t h a t  o f  

t h e  a s s o c i a t e d  b a s a l t  i s  s o m e w h a t  r e m a r k a b l e .  T h e  a n d e s i t e  c o n t a i n s  

m o r e  m a g n e s i a  t h a n  t h e  b a s a l t  a n a l y s e d ,  a n d  less  s o d a . a n d  p o t a s h .  T h e  

l a t t e r  r o c k  i s  c l ea r ly  a n  a l k a l i n e  t y p e  o f  b a s a l t ,  a n d  t h e  a s soc i a t i on  ~ 4 t h  

i t  o f  n e p h e l i n l t e  a n d  a l k a l i n e - t r a c h y t e s  is  b y  no  m e a n s  a b n o r m a l .  T h e  

a n d e s i t e ,  h o w e v e r ,  s t a n d s  a lone ,  a n d  is  no  d o u b t  t h e  r e p r e s c n t z t l v e  o f  a 

t o t a l l y  d i f f e r en t  se r i e s ,  o f  w h i c h  i t  i s  a s  y e t  t h e  on ly  k n o w n  m e m b e r  i n  

t h i s  p a r t  o f  P o r t u g u e s e  W e s t  Af r i ca .  

M i n e r a l o g i c a l l y  s i m i l a r  a n d e s i t e s  (also w i t h  allral~ne a s e o c i a t e e ) o c c u r  

on  S~o Thorn6,  i n  t h e  T r i s t a n  d a  C u n h a  g r o u p ,  a n d  n e a r  t h e  M o n a p o  

R i v e r  i n  M o z a m b i q u e .  I n  t h e  t a b l e  be low,  a n a l y s e s  o f  t w o  ~)ther E a s t  

A f r i c a n  a n d e s i t e s  a r e  q u o t e d  for  c o m p a r i s o n ,  a n d  t h o u g h  t h e r e  i s  n o  

d e t a i l e d  c h e m i c a l  o r  m i n e r a l o g i c a l  r e s e m b l a n c e ,  t h e  f ac t  o f  t h e i r  occu r -  

r e n c e  is  i n t e r e s t i n g ,  for  l ike  t h e  A n g o l a  e x a m p l e  a n d  t h e  r o c k s  m e n t i o n ~ l  

above,  t h e y  a r e  a s s o c i a t e d  i n  t h e  field w i t h  a l ka l i ne  t y p e s  o f  lave& F o r  

close c h e m i c a l  a n a l o g u e s ,  i t  is n e c e s s a r y  to  c o m p a r e  rocks  f r o m  w e s t e r n  

A m e r i c a  a n d  K a m c h a t k a .  

A. B. C. D. E. F. 
S i02 ... 56.14 ... 60-76 ... 56.65 ... 56-91 ... 56.47 ... 57.82 
Al20s ... 17-81 ... 16.81 ... 22.11 ... 18.18 ... 15.3~ ... 19-79 
Fe20= ... 2.69 ... 2.07 ... 3.81 ... 4.65 ... 2.54 ... 5"$$ 
FoO ... 4.67 ... 2.34 ... - -  ... 8.61 ... 4-58 ... 1.52 
MgO ... 4.15 ... 8.27 ... 3.42 ... 8 -49 ... 5.08 ... 3.48 
CaO ... 6.81 ... 6.57 ... 6.67 ... 7.11 ... 6-93 ... 6.82 
Na~O ... 3.59 ... 3.32 1.86 ... 4.02 ... 3-81 ... 3.51 
K~O ... 1.63 ... 2.10 ,.. 4.10 ... 1.61 ... 1.66 .. . .  1.62 
H~O ... 1.16 ... 1.67 ... 2.20 ... 0.36 " 1.65 ... 0-56 
TiC2 ... 1.23 ... 0.31 ... - -  ... - -  ... 0.99 ... - -  
MnO ... 0.08 ... 0-22 ... 0-16 - -  ... 0-18 ... tra~o 
P~Os ... 0-19 ... - -  ... trace ... 0.25 ... 0.54 ... 
Inc l  . . . .  0-05 ... - -  ... - -  ... - -  ... - -  ... 

1 0 0 o 1 3  .o.  9 9 . 4 4  . ~  1 0 0 . 4 8  o~ 1 0 0 ~ 1 9  . . .  9 9 - 7 1  .o .  ~ 9 . 9 5  

A. Pyroxene-andes i te ,  nea r  Lucal la  River ,  Angola.  (Analys t ,  Harwood.)  
B. Hornblende-andesi te~ nea r  Monapo River, Mozambique.  (Analyst ,  Ho lmeL)  
C. Amphibole-biot i to-andesi te ,  Mt. Meru, Eas t  Africa. (Analyst ,  Pinker t . )  
D. Pyroxene-andesi te ,  Purgator io ,  Pas to  Volcano, Colombia. (Analyst ,  Kuch . )  
E. Pyroxene-andes i te ,  M u n r a v e n  Peak, Yel lowstone Park.  (Analys t ,  Gopch~) 
F. Augi te-andes i te ,  Kor jaka  9 Kamcha tka .  

VI. Gez~r~ Diac'u~sion. 

P e r h a p s  t h e  m o s t  i n t e r e s t i n g  p r o b l e m  s u g g e s t e d  b y  t h e  a s s e m b l a g e  o f  

r o c k s  d e s c r i b e d  above  is  t h a t  o f  t h e  r e l a t i o n  o f  t h e  p y r o x e n c - a n d e s i t e  to  

t h e  a s s o c i a t e d  a l k a l i n e  s u i t e  o f  l avas .  T h e  a n a l y s e s ,  a n d  t h e  m i n e r a l o g i c a l  
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compositions of the rocks indlc~te clearly that the andesite could not 
have been produced by differentiation in the direct line of descent from 
olivine-basalt to alkali-trachyte. Such an intermediate rock, had it 
been erupted, should be a trachydolerite or a trachyandesite. 1 The close 
field association of calc-alkaline and alkaline types is admirably illus- 
trated in eastern Africa (e. g. in Somaliland, Abyssinia, Kordofan, and 
the islands of Lake l~udolf; along the Uganda l~ailway and in the 
Kavirondo country~ in the neighbourhood of Mount •cru and Kilima 
Njaro; along the Songwe River, and in ~Iozambique). In  every case 
where the relations have been established, it is found that the eruption 
of the cale-alkaline series preceded that of the alkaline series, and that 
the andesitcs belonging to the former series are associated with basalts 
heavily charged with an excess of silica, g On the other hand, the 
hasalts associated with the alkaline lavas are undersaturatcd s in silica. 

In Angola, baselts of the oversaturated type have not yet been found. 
Specimen 545 of Monterio's collection carries a small amount of vesicular 
opal, but this does not constitute oversaturation, for the rock, like 
No. 548, contains unaltered phenocrysts of olivine. The andesite is 
therefore left without a recognized parent and without natural associates 
of any kind. 

I t  is to be remembered, however, that the lavas from near the Lucalla 
River may not all be of the same age. By analogy with their neigh~ 
beurs, the rocks of the alkali series are probably of Tertiary age. The 
undesite may be of similar age or it may be late Karroo, and if the latter 
it would naturally fall into line with the wide-spread late Karroo ba~alt- 
andesite-rhyolite series of South and Central Africa. In  this connexion, 
it is interesting to notice that rhyolites of a distinctly sub-alkaline type 
occur near Cuma where they were discovered by Professor J. W. Gregory 
during his recent join'hey through Benguella~ In  Benguella (near 
Chieuca and Ochilesa) the igneous rocks subsequently erupted were 
alkaline types '  including nepheline-sedalite-syenite, shonkiuite, ouachi- 
tire, and s~lvsbergite. The hasalts and dolerites occurring elsewhere in 
the same district were probably of the same or later age. The Benguella 
sequence--calc-alkaline succeeded by alkaline--thus conforms to that 
followed in many localities of eastern Africa. Whether this is also the 

i See H. S. Washington, Journ. Geol., 1897, voL v, p. 866. 
A. Holmes, Abstr. Proc. Geol. Soc., 1916, No. 994, p. 72. 

s S. J. Shand, Geol. Mag., 1918, p. 508 ; 1914, p. 485 ; 1915, p. 889. 
4 G. W. TyrrelJ, Trans. Roy. Soc. Edinburgh, 1916, vol. li, p. 550. 
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case farther north, in the Lucalla River area, can only be disclosed by 
future field work. 

Alkaline rocks of late geological age are now known i~om ~everal 
eruptive centres in Angola, and while there are distinct signs of consan- 
guinity connecting them all, it is a curious fact that with one exception 
no individual type is represented at more lhan one locality. In the 
accompanying table the various assemblages are summarized (p. 72). 

VII .  lVos on a Basanite.from Dombe qran&,  near BengueUa. 

(Plate V, fig. 6.) 

As already stated, this rock was collected by L. Malheiro, and was 
determined by J. P. Gomes as a nepheline-basalt. Since, however, the 
rock contains numerous laths of bytownite, it is here described as a 
basauite. The hand-specimen is at first glance barely distinguishable 
from that of the nephelinite described in w IIL It is, however, more finely 
grained than that rock and is sprinkled not with pyroxene phenocrysts, 
but with scrpentinized olivine and grains of iron-ore. Unlike the nephe- 
finite, the basanite carries a few small amygdales occupied mainly by 
iron-stained analcime. Specific gravity 2.87. 

The minerals identified under the micloscope arc as follows : 

Small Phenocrysts. 

Pseudomorphs after Olivine. 
Titaniferous magnetite. 
Apatite. 
Bytowidte (rare). 

Amygdales. 
Chlorite (lining). 
Analcime. 
Calcite. 

(}roundmass. 

Bytownitc. 
Xephe]ine and Aualcime. 
Grey-green and purple augite. 
Aegirine-angite. 
Barkevikite. 
Apatite and Iron-ores. 
C,dcite. 

Among the phenocrysts, olivine pseudomorphs are the most abundant. 
None of the original mineral now remains, alteration to red or reddish- 
brown iddingsite--sometimes with a core of leek-green selTentine-- 
having been complete. Rectangular sections of titaniferous magnetite 
are sprinkled plentifully through the slide, in company with others of 
less regular outline. The presence of titanium is revealed by frequent 
alteration to leucoxene. Next in order of abundance come well-formed 
crystals of blue and smoky apatite, the haiiyne-like appearance being due 
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(as in the nepbeliuite of the Lucalla River district) to the presence of 
innumerable gas pores drawn out parallel to the long axis. Small clear 
rods of apatite occur as inclusions in some of the titaniferous magnetite 
crystals, and the latter in turn are found in the olivine pseudomorphs. 
Bytownite in rectangular seetio,s with broad twin-|amellac occurs 
sparingly. All the preceding constituents of the rock occur in it as 
inclusions, and the order of crystallization among the phenocrysts is thus 
clearly established. 

In the groundmass, olivine is not represented. Laths of bytownite ; 
hexagonal rods of apatite, some blue and smoky, some zoned, and others 
perfectly clear; grains of augite varying in colour from purple through 
brown and grey-green to the light green of aegirine-augite ; shreds of 
bal"kevikite ; and innumerable small rectangles of iron-ore, are distributed 
in a base of iron-stained a~alclme and nepheline. Analclme is sometimes 
present in approximately circular spaces with occasional sharp angles 
controlled by the dlspositiou of dark nlinerals around the periphery. 
Among the latter, short wisps of reddish-brown barkevikite are generally 
present. Occasional traces of cubic cleavage, and a refractive index 
between 1"481 (castor oil) and 1.491 (toluol), together with the isotropic 
character, determine the identity of the mineral. Much of the colourless 
base of the grouodmass has exactly the same appearance as the mineral 
of the open spaces, and there is therefore no reason to regard it as glass 
rather than analeime. In places blebs and patches of granular calcite 
are associated with the interstitial analcime. The same pair of miuerals 
occupies the tiny amygdales of the rook, which are lined by a minutely 
banded variety of chlorite. Here and there the base contains plates of 
clear glassy nepheline, distinguishable from the neighbeuring analcime 
by its superior refractive index, low double refraction, and uniaxial 
character. The mineral forms vaguely outlined plates in which the 
heavier minerals of the groundmass are poikilitically included. 

The general order of crystallization for the various stages of consolida- 
tion may be stated as follows : - -  

Phenoorysts : 
Apatite, titaniferous magnetite, olivine, bytownite. 

Groundmass : 
Apatite, titaniferous magnetite, bytownite, augite, aegirine-augite, 

barkevikite, nepheline, analcime (and calcite 9). 
Amygdales : 

Chlmqte, analcime, calcite. 
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ExPL,~x~o, or P~TE V. 

Figs. 1--5.--Near the Lucalla River, 80 miles north of Cambambe, Angola. 
Fig. 1.--PorpAlff/t/c ~ z s ~  (No. 548). Ordinary light (•  18). Phenocrysts of 

labradorite and purple augite in a base of labradorite, pyroxenes, and 
iron-ores. 

Fig. 2.--t~oxcne.And~i~ (No. 544). Ordinary light (•  18). Phenocrysts of 
andesine and hypersthene in a groundmass of andesite laths, granular 
augite, and interstitial glad. 

Fig. 3 . - - ~ i n i t e  (No. 546). Ordinary light ( x 30). Phenocrysts of nepheline, 
pyroxenes, sphene~ and iron-ores, in a base of nepheline, analcime, 
and orthoclase. 

Fig. 4 . - - J c ~ p / r ~ t e .  Ordinary light ( x 25). Cognate xenolith of melanocratic 
type in nephelinite (No. 546). Pyroxenes and iron-ores, with inter- 
stitial nepheline. 

Fig. 5.--Aegirine-Trachy~ (NO. 559). Ordinary light (x  18). Phenocrysts of 
sanidine and aegirine in a trachytic groundmass of anorthoclase laths, 
soda-pyroxenes and amphiboles, and iron-ores. 

Fig. 6.--~asanit~, Dombs C~rand6, near ~ u e l ~ .  Ordinary light ( x 25). Pheno- 
crysts of olivine (altered to iddingsite and serpentine) and titaniferous 
magnetite, in a groundmass of bytownite, apatite, pyroxenes, barke- 
vikite, nepheline, and analcime. 

The photomicrographs are the work of Mr. G. S. Sweeting (of the Geological 
Dept., Imperial College), to whom I owe my thanks for the csre with which he 
has prepared them. 
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