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INTRODUCTION 

Differentiation trends in rock bodies of various 

sizes and types have been studied, from different viewpoints 

and with contrasting results, by many geologists in this 

country and abroad* Such studies are of major importance, 

for magmatic segregation has been proposed by several authors 

as a means of generating various rock sequences (Bowen, 1956; 

Wager and Mitchell, 1951; Walker, 1940). Bowen has proposed 

that most of the rock types occurring at tdie earth's surface 

today may have been produced chiefly by fractional crystal¬ 

lisation of a primary magma, and other authors (among others, 

Walker, 1953; Edwards, 1942) have demonstrated that rock 

melts are differentiated into phases of different compositions 

and textures during crystallization * 

No detailed work has been published on the differen¬ 

tiation of lamprophyric rocks, which though of minor abun¬ 

dance, are widespread in granitic terranes * It was there¬ 

fore considered of value to sample and study a well defined 

lamprophyre intrusion in the hope that definite differen¬ 

tiation trends might be discerned and that, thereby, some 

information regarding the genesis of this little understood 

rock type might be gained. 

The sill chosen for study is located in the La Plata 
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Figure 1. - Map showing location of the La 
Plata quadrangle. 
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Mountains, southwestern Colorado, in the northeastern part 

of the La Plata quadrangle (Figure 1). The sill is suf¬ 

ficiently well exposed that it may easily be sampled from 

upper to lower contact. The contacts are well defined, and 

there has been little contamination by the wall rock, The 

sill has evidently been only slightly deformed since the 

magma was intruded, the only evidence of disturbance being 

a fault of about thirty feet displacement near the center 

of the sill* No detailed petrography of the intrusion had 

been undertaken previously, The choice of this particular 

body for the present study was made on the basis of its good 

exposure and on a general field and mineralogical description 

given by Cross (1899), who indicated an apparent layering 

within the sill. 

The field work consisted of sampling the sill ver¬ 

tically from upper contact to lower contact at intervals 

of one to five feet. A total of thirty-three hand specimens 

was thus collected, and thin sections of these samples were 

then examined petrographically, Modal analyses of each 

section were made by point-counting 1,000 to 1,300 points. 

Detailed optical properties of the pyroxenes and feldspars 

were determined with the aid of a Zeiss four-axis universal 
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stage. 

This thesis is concerned chiefly with the microscopic 

analysis of the rocks collected in the field and the results 

derived from this analysis. A detailed petrographic des¬ 

cription of the rocks is given* and some conclusions regarding 

the manner of differentiation of the sill are reached. A 

possible mode of genesis of the lamprophyre magma, based on 

results of this investigation, is postulated. 
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PREVIOUS WORK 

In any discussion concerning lamprophyres a clarifica¬ 

tion of terms is necessary, for a number of conflicting 

concepts and ideas have been set forth in geological litera¬ 

ture* The lamprophyres in general occur as small dikes 

and sills and are characterized chemically as having a low 

or medium silica percentage and a relative abundance of 

alkalis (Harker, 1954). They are predominantly porphyritic, 

with ferroraagnesian phenocrysts in an alkalic, generally 

aphaniticjgroundmass (Knopf, 1936). 

The lamprophyre concept, as originally formulated by 

Rosenbusch (1887), was based on the idea that the occurrence 

and composition of each lamprophyric type is dependent on 

a particular type of deep-seated intrusion, Rosenbusch 

further stated that no transitional rocks occurred between 

the different lamprophyre types (see summary in Knopf, 1936), 

Since the time of Rosenbusch, however, examples of the same 

lamprophyric type have been cited as being produced from 

different source magmas, and intermediate types have been 

described (Knopf, 1936). From a general survey of the 

literature concerning these rocks, it would seem best to 

avoid any use of the term lamprophyre with genetic implies- 
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tions and to use the rock type names occurring in the 

literature only after first defining them carefully. For, 

as Turner and Verhoogen (1951, p, 334) state, "Nomenclature 

of the group is confused and needlessly complicated,’1 

The lamprophyres generally occur as small dikes or 

sills, in which little differentiation was possible other 

than the normal textural differences between an outer chill 

zone and a coarser central area. There is, thus, very little 

reported mineralogical differentiation within lamprophyric 

bodies. Campbell and Schenk (1950), however, described 

camptonite dikes (alkali amphibole or pyroxene phenocrysts 

in a plagioclase grburidmass) in which the size of amygdules 

and amphibole phenocrysts increased toward the centers of 

the dikes, and they ascribed the changes to control by 

volatiles under the special conditions imposed by the in¬ 

trusion of these particular dikes. 

Cross (1899), in his description of the sill studied 

in the present investigation, indicated a definite layering 

within the body and described the mineralogy briefly. He 

made no attempt to describe in detail the mineralogical and 

textural changes within the intrusion, and the present writer: 

disagrees with the differentiation trends which he described 



within the sill. This disagreement in data is discussed 

in a later section. 



GENERAL GEOLOGY 

The sedimentary rocks cropping out within the La Plata 

Mountains range from Jurassic through Cretaceous, The 

stratigraphic traits described by Cross (1839) are: the 

Dolores (Triassic); the La Plata (Jurassic); the McElmo, 

now called the Morrison, (Jurassic)5 the Dakota (Cretaceous); 

and the Mancos (Cretaceous). The chief ridge-forming forma¬ 

tions are the Morrison, Dakota and La Plata sandstones. 

The igneous rocks occurring in the La Plata Mountains 

are highly varied in composition and texture. All of the 

igneous rocks are intrusive, the widely distributed San Juan 

volcanic series having been eroded off of the entire range. 

Cross separated the igneous rocks into the following three 

categories: 1, granular stock rocks occurring as stocks 

and plutons and consisting of augite syenites, monzonites, 

and diorites; 2, porphyries occurring as sheets, sills, 

and laccoliths composed of diorite-porphyries, monzonite- 

porphyries, syenite-porphyries, and allied rocks; 3, basic 

dikes and sheets composed of the lamprophyres. 

The igneous intrusions occur in all exposed strati¬ 

graphic horizons* The age of the intrusions is probably 

Tertiary, as established for similar intrusions in the 



Telluride area (Cross, 1899a). In every observed occurrence, 

the sills and laccoliths are earlier in age than the 

associated cross-cutting dikes. All of the intrusions are 

considered by Cross to be later than the main deformation 

of the area. 

Structurally, the La Plata Mountains represent a domal 

uplift occurring, perhaps, as a local feature of the much 

broader San Juan Arch to the north. Few faults of large 

stratigraphic displacement occur in the mountains, and these 

are confined to a small number of localities. There has 

been a moderate amount of disturbance, from slight uparching 

to partial fragmentation* of the sedimentary units by the 

intrusion of the various magmas described above. 
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DETAILED FIELD DESCRIPTION 

The sill studied in this investigation crops out along 

the crest of a hogback ridge called Indian Trail Ridge 

(Figure 2); the lower contact of the sill lies almost co¬ 

incident with the 12,000-foot contour line. Owing to the 

steepness of the ridge slopes and to the elevation, there 

is little vegetation oil the outcrops, and the rocks are well 

exposed over most of the sill. Talus cover is the chief 

deterrent factor in sampling. 

The original extent of the sill is unknown, the Indian 

Trail Ridge outcrop being the only remnant of the original 

intrusion. As exposed* the body is approximately 3,000 feet 

long, the long axis being coincident with the ridge and lying 

essentially in a north-south direction. At its widest point, 

the sill is approximately 1,500 feet across. A thickness 

of 130 feet is apparently maintained over the entire area 

of the body. 

The lamprophyric magma was intruded Into the Morrison 

formation, which in this locality is a light gray, shaly 

sandstone. The contacts of the igneous body are conformable 

with the bedding planes in the sediments. At the contacts 

the sediment is transformed to a spotted slate, about two 
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Figure 2. - Indian Trail Ridge and the lamprophyre sill 
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feet thick, which grades abruptly into the umnetamorphosed 

sediments, Contact metamorphism is very slight as compared 

to the effect on the sediments produced by the intrusive 

stocks of the area. 

In the field, the layering within the sill is represented 

by changes in color of the rock and variations in texture, 

At the contacts the rock is dark brown, with large phenocrysts 

of hornblende and pyroxene readily visible with the unaided 

eye. Toward the center of the sill, however, the color 

grades into a medium gray, the large phenocrysts disappear, 

and the rock becomes more equigranular. 

Another interesting aspect of the rocks noted in the 

field was the distribution of inclusions within the lampro¬ 

phyre body* Numerous dark, rounded inclusions of hornblendite 

were found near the contacts of the sill, most of them 

occurring within fifteen feet of the contacts. Toward the 

center of the body, no apparent inclusions of any type were 

observed. The presence of inclusions at the top and bottom 

contacts of the sill may represent a former homogeneous 

distribution of the inclusions and may indicate the selective 

removal of the included materials from the central portions 

of the intrusion 
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MINERALOGY OF THE SILL 

The sill under study is best defined as a spessartite 

lamprophyre in the classification of Williams, Turner and 

Gilbert (1954)* The spessartites are considered to be 

augite- and hornblende-rich lamprophyres with a plagioclase 

groundmass. The rocks of the Indian Trail Ridge sill are 

certainly hornblende rich; hornblende comprises as much 

as 20% of the rock at the contacts. Augite is not the most 

abundant pyroxene in the rock, and generally amounts to 

approximately one-fourth of the total pyroxenes; the chief 

pyroxene is an orthopyroxene intermediate in composition 

between hypersthene and enstatite. Plagioclase is the most 

abundant mineral in the rock, comprising as much as 60% 

of some samples. Calcite, magnetite and chlorite occur in 

most of the samples, but are generally in minor quantities 

and do not affect the classification of the rock. 

Hornblende 

Hornblende is the chief mafic constituent of the rock 

near the contacts and generally occurs as prismatic pheno- 

crysts, which range in size up to six millimeters but average 

approximately two millimeters in length. The grains are 
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pleochroic from yellox?-green to greenish brown. 

Amphibole cleavage is evident in appropriately oriented 

grains. The mineral is optically positive, and has an optic 

angle (2V) of approximately 75° in all the slides in which 

it occurs. The extinction angles average about 24°. From 

the optical properties, the author considers the hornblende 

intermediate in composition between hastingsite 

(NaCa2Mg^Al (OH) 2SigAl2022) ar,£* edenite (NaCa2Mg^ (OH) 2SiyAl022) 

(Winchell and Winchell, 1951). 

Most of the hornblende grains are invaded in some degree 

by the groundmass of the rock, (Figure 3), leaving in places 

only outlines of the crystals delineated by magnetite grains 

(Figure 4). This partial resorption by the groundmass may 

indicate that the hornblende was not crystallizing from the 

cooling magma, but was actually being decomposed. 

Another interesting feature of the hornblende is an 

apparent schiller structure in some grains (Figure 5). 

The schiller structure is produced by a parallel alignment 

of magnetite inclusions within the hornblende crystals. 

This occurrence is of interest because schiller structure 

is generally confined to pyroxene grains, 
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Figure 3. - Partially replaced hornblende grain. 

(X90) 
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i  

Figure U. - Magnetite grains outlining a replaced 

hornblende grain. 

(X90) 
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Orthopyroxene 

Orthopyroxene is ubiquitous within the sill, and it 

comprises as much as 20% of the rock in places. It generally 

occurs as phenocrysts averaging about one millimeter in 

size, although some forms anhedral grains in the ground- 

mass. Phenocrysts of the pyroxene are generally euhedral 

and are relatively unaltered, in contrast to the hornblende 

(Figure 6) , 

The orthopyroxene is colorless in thin section. Pyroxene 

87° cleavage is exhibited in appropriately oriented grains. 

The mineral is optically negative, and has a 2V ranging from 

55° to 87° within a single slide (Table 1) as measured by 

the Berek method with a universal stage. Extinction is 

generally parallel* From the optical properties the pyroxene 

is considered to be bronzite, intermediate in composition 

between enstatite (MgSiC^) and hypersthene ((Mg,Fe)Si03) 

(Winchell and Winchell, 1951)• 

Many of the pyroxene phenocrysts are zoned, exhibiting 

as many as six zones within a single grain. All of the 

zoned crystals measured have cores of high enstatite content 

grading to edges of lower enstatite and higher hypersthene 

content. 
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Figure E>. - Schiller structure in hornblende. 

(X450) 



Figure 6. «* Euhedral orthopyroxene grain, 

(X140) 
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TABLE I 

Variations in optic angle (2V) of orthopyroxenes 

Slide Feet Above 
Humber Bottom Contact Optic Angle of Grains Measured 

3, 125 S3 77 84 64 80 67 64 64 58 55 

11 101 86 56 42 56 64 78 86 79 58 83 

16 76 87 68 59 65 64 79 58 64 72 63 

18 66 68 59 72 84 86 77 63 66 74 78 

21 51 71 87 69 72 67 55 64 64 75 57 

30 6 73 64 63 62 80 75 58 87 82 57 

Augite 

Augite comprises about one-fourth of the pyroxene in 

the sill. It forms euhedral, prismatic phenocrysts averaging 

about one millimeter in length and showing little alteration. 

The mineral is pleochroic from colorless to pale green in 

thin section. The grains are optically positive, with a 

2V averaging approximately 62°. 

Plagioclase 

Plagioclase is the most abundant mineral in the sill, 



in places comprising over 69% of the rock. The individual 

plagioclase grains range in size from laths less than 0.1 

mm in length at the margins of the sill to 1.2 mm subhedral 

prisms at its center. In practically all of the samples 

the plagioclase is greatly altered to sericitic and other 

clays. 

The plagioclase lies wholly within the oligoclase range 

throughout the sill, though it shows some systematic varia¬ 

tion within the rock body (Figure 7, and Table II). The 

anorthite content varies from 17% in the sill center to 23% 

at the contacts. The oligoclase was too greatly altered 

to determine the optical properties accurately; the 

universal stage was used to orient properly the few grains 

on which determinations could fee made, and the anorthite 

percentage was determined simply by measuring maximum ex¬ 

tinction angles of alhite twins (Rogers and Kerr, 1942). 

The positive relief of most of the grains and the presence 

of alfeite twins in many of the crystals show that Cross (1899) 

was mistaken in identifying the chief feldspar in the rock 

as orthoclase. 
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Figure 7. - Anorthite variation in plagioclase 
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. ... TAB1S II ■' 

Variation In anorthite percentage 
in plagioclase grains 

Slide Feet Above 
Humber Bottom Contact Anorthite Percentage in Grains Measured 

6 116 22 24 24 

9 106 : 19 20 20 20 24 

12 96 17 19 20 21 21 

14 86 16 17 18 18 21 

16 76 14 16 17 17 20 

18 66 14 15 15 1.6 17 13 

20 56 14 17 17 18 18 19 

22 46 15 16 16 18 20 21 

24 36 17 20 20 23 

26 26 20 21 22 24 

28 16 21 22 23 24 

Magnetite 

Magnetite occurs throughout the sill but is more abundant 

in the lower portions (Figure 8). The grains are generally 

anhedral and range from 0.1 mm to 0.6 mm in diameter. In 

most samples the mineral is randomly scattered throughout 
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the thin sections, but it also occurs in clusters around 

altered ferroraagnesian minerals. From the textural relations , 

the author believes that two generations of magnetite are 

represented in the rock: X, an early-crystallizing form 

which partially settled during cooling of the magma and which 

is randomly scattered throughout the slides; and 2, a later 

series which occurs as an alteration product of the pyroxenes 

and amphiboles and clusters around these minerals. 

: Chlorite 

Chlorite occurs throughout the sill as an alteration 

product of the ferromagnesian minerals. The mineral is very 

abundant in Some slides, comprising up to 19% of the sample. 

It occurs as rims around hornblende and in some cases 

completely replaces hornblende grains. Chlorite is also 

present in flakes and fibers in the groundmass. 

Minor Minerals 

Several mineral species occur in minor abundance within 

the sill and are mentioned only briefly here, Calcite occurs 

as vein and cavity fillings and as an alteration product of 

the ferromagnesian minerals. Apatite occurs as tiny euhedral 



crystals in the groundmass. Quartz is very rare, occurring 

as rounded, undulant grains. The zeolite thotasonite forms 

cavity fillings. 
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MINERALQGY OF THE INCLUSIONS 

The mafic inclusions (up to several inches in diameter) 

occurring near the contacts of the intrusion are important 

though of minor abundance. They are composed chiefly of 

hornblende and oligocla3e, with minor amounts of biotite, 

magnetite, chlorite and calcite. 

Brown hornblende averaging two millimeters in site 

comprises about 50% of the inclusions. The hornblende has 

been altered in varying degrees to calcite, chlorite, and 

magnetite, the magnetite grains outlining individual hornblende 

crystals, Magnetite rims are more pronounced near the contact 

of the inclusions with the lamprophyre, 

Oligoclase averages about 35% of the inclusions. Similar 

to the feldspars in the sill, the plagioclase is highly al¬ 

tered to clay minerals. It occurs chiefly as subhedral laths 

averaging 0.6 mm in length. 

Biotite, chlorite, magnetite, and calcite are present 

in minor amounts. Calcite9 magnetite and chlorite are probably 

secondary, Biotite occurs as brown flakes and is only slightly 

altered. It was probably an original constituent of the rock 

before its inclusion in the lamprophyric magma♦ 



-28- 

TEXTURE'OF THE SILL 

Field observations provided only a rough indication 

of general textural trends within the sill, for the rock 

is too fine grained for a detailed megascopic description 

of the texture. It is evident in the field, however, that 

the rock becomes more equigranular toward the middle of the 

sill and is more porphyritic near the contacts. 

In thin section the:-lamprophyre-at the contact, is 

noticeably porphyritic, rath hornblende and pyroxene pheno- 

crysts in a felted groundraass of oligoclase laths, Toward 

the center of the sill the texture gradually changes, so 

that the sill is almost equigranular at its center, having 

a panidiomorphic-granular texture, Figure 9 shows the 

approximate changes in grain size within the sill of the 

principal minerals (plagioclase, hornblende, and pyroxene) 

as determined by measuring the long axes of ten grains of 

each mineral in the slides represented (Table III), As shown 

by the graph, hornblende and pyroxene diminish in size toward 

the center of the sill, whereas the plagioclase grains in¬ 

crease slightly in size. The change in grain size of the 

feldspar may bo related to rate of cooling, the grains in 

the center of the sill growing over a longer time and thus 
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TABLE III 

ise variation of plagioclase, pyroxenes 
and hornblende 

Plagioclase ' Pyroxenes Hornblende 
All less than 6.0 1,0 

0,1. mm 5.0 1.0 
1.5 3.0 
1.5/ 4,0 
1.5 6,0 
1,5 3.0 . 
1.0 2.5 
i J: 1.0 
1.5 2,5 
i.6: • 1.0 

Avg, 2.2 mm Avg. 2.5 mm 

Plagioclase Pyroxenes Hornblende 
0,1 to 0.2 rain 2.5 .. 1.5 

2.0 2.0 
1.5 1.5 
1.5 1.5 
0.5 2.0 
2.5 3,2 
2.3 3,0 
2.0 1.5 
1.0 1.5 
0.7 2.0 

Avg. 1.7 mm Avg. 2.0 nun 

Plagioclase Pyroxenes Hornblende 
0.1 to 0.2 XIED 1.0 4.0 

2.0 2.2 
0.6 i!o 
1.2 3,2 
0.5 2.0 
2.0 1.0 
4.5 1.5 
2.5 3.0 
0.6 0.8 
1,0 2.2 

Avg. 1.6 mm Avg. 2,2 mm 
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TABLE III (continued) 

Slide #11 Plagioclase 
0.2 
0.5 
0.3 
0.3 
0.2 
0,2 
0.4 
0.3 
0,3 
0.2 

Avg. 0,3 ram 

Slide #14 Plagioclase 
1.5 
1,0 
1.0 
0.8 
0*6 
0.4 
1.0 
1.0 
1.0 
1.2 

Avg. 1.0 ram 

Slide #17 Plagioclase 
0,5 
1.2 
0.6 
0.5 
1.0 
0,5 
1.2 
1.0 
0.7 
0.6 

Avg. 0.8 ram 

Pyroxenes Hornblende 
2.6 0.3 
1.5 0.6 
1.6 1.0 
1.0 1.5 
3.0 0.7 
1.0 0,6 
1.2 0.4 
2.8 0,2 
1.0 0.3 
0.5 0.7 

Avg, 1.6 iran Avg. 0,6 ram 

Pyroxenes Hornblende 
0.4 0.2 
0.3 1.0 
0.6 0.2 
0.3 
0.3 
0.2 
0.2 
0.3 
0.6 
0.2 

Avg. 0.3 ram 

Avg. 0.5 mm 

Pyroxenes Hornblende 
1,5 
1.0 
0.5 
0.8 
1.2 
1.0 
0.4 
0,8 
1.0 
0.8 

Avg. 0.9 ran 

None Present 
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TABLE III (continued) 

Slide #20 Plagioclase 
0.6 
0.5 
1.0 
1.2 
0.7 
2.0 
0.5 
0.3 
0.7 
0.5 

Avg. 0.8 ran 

Slide #23 Plagioclase 
1.0 
0.6 
0.3 
0.6 
1.5 
0.4 
0.3 
0.7 
0.8 
1.0 

Avg. 0.7 ran 

Slide #26 Plagioclase 
0.2 
0.3 
0.2 
0.3 
0.5 
0.5 
0.3 
0.2 
0.2 
0.1 

Avg. 0.3 ran 

Pyroxenes Hornblende 
1.2 None Present 
1.4 
0.7 
0.6 
0.6 
1.3 
1.0 
0.6 
0.8 
1,2 

Avg. 0.9 ran 

Pyroxenes Hornblende 
1.2 0.2 
1.0 2.2 
0^8 0.5 
1.2 0.3 
1.6 2.5 
1.5 0.2 
0.8 0.3 
1.2 0.5 
1.0 0.3 
0.7 0.4 

Avg. 1.0 ran Avg. 0.3 mm 

Pyroxenes Hornblende 
0.5 0.5 
0.7 1.0 
1.0 0.3 
0.8 0.2 
1.0 0.6 
0.5 0.6 
1.6 1.0 
1.6 1.0 
0.6 0.6 
0.8 0.7 

Avg, 6.9 min Avg. 0.7 ran 
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Slide #29 Plagioclase 
Less than 0.1 mm 

Slide #32 Plagioclase 
Less than 0,1 ram 

Pyroxenes Hornblende 
0.7 2.5 
0.5 1.0 
1.0 1.0 
0.5 2.5 
1.5 1.5 
1.0 1.0 
1.2 0.8 
o;s 0.8 
Q.7 0.5 
0.7 1.2 

Avg, 0.8 ram Avg. 1.2 mm 

Pyroxenes Hornblende 
0.5 3.2 
015 2.5 
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becoming larger than those in the rapidly cooled margins of 

the magma. The decrease in size of the hornblende crystals 

may be caused by a greater amount of resorption of this 

mineral near the center of the body., In all samples, the 

hornblende is greatly embayed and altered, and it is in¬ 

creasingly decomposed toward the center of the sill.. In the 

center of the sill the hornblende is entirely resorbed. 

The pyroxene grains are relatively fresh and possess,smooth 

plane faces throughout the sill. The variation in pyroxene 

grain size may result from the fact that pyroxene nuclei 

formed in numerically greater amounts at the sill center, 

whereas at the contacts relatively few nuclei formed, but 

grew to a larger size. 

Thomsonite and calcite occur in some samples as, cavity 

fillings. These occurrences are the only textural indica¬ 

tions that volatile activity took place in the cooling magma. 

I 
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DIFFERHHTIATIQN TRENDS IN THE SILL 

The major differentiation trends within the sill are 

shown in tabular form in Table IV , and graphically in 

Figures 7, 8, 9, 10, 11, and 12, The variations shown by 

each mineral individually are discussed first, and the 

general relationships of all of the minerals are then 

summarized. 

Magnetite (Figure 8) is fairly constant in amount near 

the top of the sill, comprising generally 10 to 11 per cent 

of the rock. Toward the center of the sill the amount de¬ 

creases slightly and then steadily increases to a maximum 

(19%) about fifteen feet above the lower contact, where it 

again decreases slightly downward. This distribution may 

be explained by gravitational settling after implaceraent of 

the sill. Magnetite is more abundant near the bottom of 

the sill, owing to gravitative settling of this early-formed, 

very dense mineral. The partial depletion of magnetite in 

r 

the center is caused by crystal settling; the upper portion 

of the sill contains slightly more of the mineral than the 

center because the magma viscosity was greater at the upper 

contact, preventing significant settling of the magnetite 

crystals in that area. The slight relative decrease in amount 



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

-36 

H O H <M H H H CM o H CM H H 
C3 • ■ • • • • • • 4 4 • * 4 
W o O O O a O o o o O O o 
O o o o O © o o o q © O o 
H H H H H H H H H H H H H 

05 
CO OH CO O 10 n CM r> CO O V0 

s-2 d 4 ■ .* ■■■. 4 ■ 4 • 4 « '4 » 4 • 4 4 
r~! vD H CO o SN* o l^s OH © GH V0 H 
u 

0) 
«#.■ W 

»ri 
<SJ S3 

„ 4J O 

H H H H H H 

00 H o Q CO O CO CO CO VO n a> 
5-3 «r4 W » • • • *■ • 4 ♦ 4 « • • 

q 0 
t-4 o 

o O H CO © • H o o o H o o 

CO J3 
O !H 

<U # | •M 
'•H v 00 in VO l>. CM CO H H r> <fr CM CM 
}4 4 • * ♦ 4 4 ■ • # 4 4 4 4 

frS O H >* CM CO AO r-* CO VO •4* o 
H 
43 
Q 

1 

s-s 

H H H H H H H H H H 

m H Sf CO VO in 00 CO h* n* CO H 
♦ ♦ • e 4 * « * ■ 4 4 4 

(9 W CH CM CM CO o o CM o o o o OH 

S • ^ H H H H H H H 

i 
O G> 

•ri ta CO o CO CO an \ V0 CO Mt OH n 
&0 ta ■• * • ■ » • ■■ * ■ ■ • - *. ■ * • * 4 * ' * 

■ o - ,V0 ■ in ©v o* - n r** F*. OH H o co 
HI O CO CO CO CO oo CO CO <3* n in n 

05 
1 T? as Cv . CM OH CO CD CM H r^. a 00 
q q • . * • • 4 -1 4 ♦ • .... 4 4 4 

^6 S rv ■ co n as r** SO JNi H CM CM o 
O H 
S *D 

H H H 

1 05 
0 0) OH M0 in © CO H CM ON H H M3* H 
u u * • • 4 # • • * 4 4 4 
>1 0) CM CO Mf* n o CO Os CO cn in <1* 

•U 
O O 

W >■ 

H H H H CM H H H H H H H 

m CM as v0 CO © H vD H 
a o 4J CM CM CM H H H H O O © 0V OH 
<25 *0 q 

<5 O 
H H •■: H H H H iM H H H 

o 

0) u 
H 0) 
01,0 CM CO <3* uo vO CO OH O H CM CO 
Be H T—4 H H 
a 9 

C/5 S3 



TA
BL
E 

I?
 
(c

on
ti

nu
ed

) 

*37- 

H 
0 

ON ON o ON O o O CM o CO H ON ON CO 
• • • • ft • ♦ * • »• ft ft # •■ # ft 

44 cv ON o CT\ a o o O o 0V a ON ON ON 
O ON ON o <3% o o o o o ON o ON ON ON 

H 
! 

H H H H H H H 

V* 
>% o vO H co CM Mi* in CM MS* ■<f O © o 
rj * ..- • 4 : 4 .' 1 «> ft ft ft •• •" ft ft ft ft 

t*4 co 00 >* VD AD V0 NO f^. fN. CM © ON CM 
U 

CD 
t« 44 

•Hi 
CD a 
44 O1 

r4 H 

CM CM *n O O a a CM O O © n © 00 
*r| & * 4 • 4 4 ♦ ft ft ft' % ft ■ • « 
q e 

rM O 
0 43 
O' H 

CD 
44 
*ri 

in o o a O o H O o H o H H o 

m H CM o CM fv CM ON CM VD GO VD CM o 
J4 * • • • # ■ft ft ft ft ft ft # ft 
Q *n tn CD CO Ml* V© ' 00 o co CO CM CM 
H 
4-4 
O 

8 
CD CD 
P 44 

HI H H CM H H Hi H H H HI H H 

H «<J* ■ a* as O co O O r** CO CO ON CO 
fcO*rl 4- ■ * . • * ft # ♦ « ft # * 4 ft 
0 44 co ON 0N VD ON as H © ON CO CM © 

K*’ *U H H H H HI H 

* 
O CD 

*rf CO r>- H o\ 00 O ON o CO vp ON CO CO CO 
££ 0 •<►••• •■■■■ * • • ■■■ ■ • # .... 4- ■ft • ■ '.ft ft . .-.* ' ■.ft ft « ■ ft 
0 t-4 <r co CO CM CO n <o CO H o 

r-i C, 
£Xr 

■ : \0 ■ <r ■ <5* n Mt Ml* in in n <1“ <fr 

<D: i 

CM CO 1 'O O O o ■ O ©.. o O V0 ON 
P P ■ • • • « #. ♦ ft • * • . • ft • 

H O a O -■ © o O' o o o o CO CM CM o 
O H 
W rQ 

r4 

1 C3 
a o m ON l> o o V© CO r*s CD CM VD 
IM a * * ft ft ft ft ft ♦ • # « • 

^ Pn a CM ON o CO n in CM m o CM CO t—t r-l 
P*4 a 

44 
0 O 

44 }> a 

H CM H H CM CM CM CM Hi H H H 

VD H V0 H vD H VD H vD rM vD rM vO H 
0 O 44. CO CO Cv VD VD n n <1* <t CO CO CM CM 
e> *a pi 
fee o ' 

o 

0 M 
H 0 

CM Mt VO £1»*D M? in VD PH CO ON o r-l CO in 
.8 g 

co s 

H H H H H CM CM CM CM CM CM CM CM 



T
iiM

M
 

F
v
 

(c
o

n
fi

rm
e

d
 

0C O oc o CM 
♦ * * ft ft- 

& c?> o GY o O 
o 0% o oc o o 

rH r-t r-f 

m 
oc m CO CM rs 

■ C3 *■• ft; ft o’ 4 
rH CM fS'’ Mj* pH cD 

' o, PM H 

ts 4)! 
*0 4JJ< 

«Hg 
GJ. n 

fiy o O CM O m 
ij-5 .*-1 a ft ft $ * 

O' B 
t~i a 

rH CM O O to 

RJ. vS 
u H: 

© 1 V 
*P$ CD rM CO m 

» v . ft ft ■* 
^ .0 m a m m CO 

?*4 
*&»* 
o 

1 

** i£ 
r-4 m o CM 

ft * * ft ft 
ctf 44 C> co :PH f si* V, »-* 

r'«*t *■4 p-i ■ rH " rH H 

I 
O Cl 

. *r4 C& 
i>S fcOvO 

CO. • 
: ■ ■ , ■' * ' • 

CD 
* - 

ch 
# - 

cO 
.-ft 

w w c> so 00 5*»«J 
tHt O 
fxf ..- 

■si* •co . CO - CO ■ ■' SI’ 

■ m' 
t *d •4-. CO CO o rM 

■p p- ft ft ft ft » 
$4 H C.V CM' • e ' IX* rM 

o pH 
E *n. 

HI CM CM H 

i ia 
P <0; in 0V P* CO CD 
u p * * 4 ft 

tS !>* h h* CM CO !>• 
Pn *■* pH p*i pH 

ca b 
44 {> $ CD ' *«*C CD r**t O 
'0 O 44 r*4 PH 
o) *o p 
\~i <$ O 

u 

<u u 
cM 0 
p4«& CD OC O rM CM 
B IH CM CM CO CO CO 
id b 

co a 



•39- 

Figure 10. - Pyroxene distribution in sill. 
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of magnetite at the lower contact may be caused by the high 

viscosity of the liquid at the contact, preventing the 

settling crystals from sinking to the bottom of the intrusion. 

The relatively greater amount of settling of magnetite in 

relation to the pyroxenes may be a result of the former’s higher 

specific gravity or of different crystallization times of 

the two minerals. 

Pyroxenes (Figure 10) are more irregularly distributed 

than magnetite * The amount of pyroxenes may increase slightly 

tox^ard the center of the sill, in contradistinction with 

Cross (1899) who claimed, on the basis of a few samples, 

that the pyroxene increased in amount toward the sill contacts. 

The pyroxene distribution may be explained in the following 

manner: the pyroxenes were crystallizing from the liquid 

prior to and during the emplacement of the sill. The melt 

was well mixed during intrusion, producing a homogeneous 

distribution of pyroxene crystals. The slight increase in 

pyroxene percentage at the center of the sill may be caused 

by the fact that the pyroxenes crystallized from the melt 

as hornblende was resorbed. At the center of the sill, where 

hornblende was resorbed entirely, pyroxene crystals grew in 

greater numbers. A close relationship between hornblende 



-41” 

resorption and pyroxene growth is described by Larsen (1937). 

Determinations of the optic angles of the pyroxenes 

were made with a universal stage in order to determine 

compositional relationships of the pyroxenes at various levels 

of the sill. It was found, however, that the pyroxenes varied 

too much within a single slide to establish any trends 

(Table I).; This variation within such Small areas may be 

explained by the fact that the pyroxenes were partially 

crystallized before injection; during injection crystals 

from all parts of the magma were mixed together, and when 

the partially crystalline magma was intruded, this mixing 

may have produced compositional variations within quite small 

areas'. ; 

Hornblende (Figure 11) increases from zero percentage 

at the center of the sill to over 18 per cent of the rock 

at the contacts. The variation is symmetrical above and 

below the center of the sill. It has been mentioned previous¬ 

ly that inclusions rich in hornblende were brought up in 

the magma, and if it is assumed that all of the hornblende 

in the sill originated within inclusions of this type, 

then the present distribution of the mineral may perhaps be 

explained. If the hornblende inclusions were accumulated 
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Figure 11. - Hornblende distribution in sill 
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in the magma at depth and began to react with the liquid, 

one would expect that the most rapidly chilled portion of 

the magma would contain more hornblende and that the horn¬ 

blende would be less altered in these zones. Such is the 

case in the sill under study. Embayed or replaced horn¬ 

blende grains occur at practically all levels in the sill, 

but completely replaced crystals (delineated by magnetite 

outlines) are apparently more numerous near the sill center, 

for near the contacts some remnants of the hornblende are 

present. It is not knoxra why hornblende was resorbed in 

preference to pyroxene in the lamprophyre melt, unless the 

magma was intruded at high temperatures at which the pyroxenes 

were stable and hornblende unstable. 

The percentage of plagioclase (Figure 12) increases 

slightly toward the center of the sill. This distribution 

may indicate an enrichment of the liquid in alkalis as the 

magma crystallized in place. Further support is given for 

this hypothesis by the fact that the sodium content in the 

plagioclase is greatest at the center of the sill and di¬ 

minishes gradually toward the contacts (Figure 7). The in¬ 

creased amount of sodium in the plagioclase at the center 

of the sill may have been produced from the resorption of 



Figure 12. - Plagioclase distribution in sill. 
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hornblende by the melt, which would have provided ample 

amounts of sodium for the change in the calcium to sodium 

ratio within the plagioclase. Compositional variation in 

the plagioclase within a single slide was found to be far 

less than the variation in pyroxene composition; this 

may indicate that the residual liquid was essentially 

maintaining equilibrium with the late crystallising minerals 

or that later alteration was uniform over small areas. 
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PETROGEMESIS OF THE LAMPROPHYRE 

Lamprophyres were originally thought to be genetically 

related to specific major rock types. Each lamprophyre 

type was supposedly derived from a parent magma of a 

particular composition by splitting of the parent magma in¬ 

to two components, a mafic portion (lamprophyre) and a 

felsic portion (pegmatite and aplite) (Wahlstrom, 1950). 

Since the original concept x-?as proposed, however, many 

different types of lamprophyres have been described, and 

the genetic relationship between them and particular parent 

magmas has become less and less distinct. 

Smith (1946) suggests that many of the difficulties 

encountered in trying to explain the origin of lamprophyres 

arise from the assumption that lamprophyres crystallize 

directly from magmas. He stresses the part played by vola¬ 

tiles in the late stages of magmatic evolution. Wahlstrom 

(1950, p. 310) states, *'A reasonable hypothesis entertains 

the notion that injected aggregates of mafic crystals were 

attacked by late magmatic- or deuteric-stage liquids con¬ 

taining considerable concentrations of alkalies.5* 

Similarly, Bowen (1956) postulated that some lampro¬ 

phyres may be produced by the assimilation and alteration 
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of hornblende or biotite by a magma of oceanic basalt 

composition. It would be difficult to prove, however, 

whether a lamprophyre were intruded as a liquid of 

lamprophyric composition or as a crystal mush of dark 

mineral aggregates containing alkali-rich Interstitial 

fluids. 

It may be proposed that the sill under study formed 

in the following manner; A late stage separation from 

one of the several magma types represented in the area 

moved upward through the Archean basement which probably 

underlies the La Plata area. Inclusions of a hornblende 

gneiss in this complex were accumulated and altered at the 

same time as the pyroxenes were crystallizing from the 

magma. This thoroughly mixed crystal mush of liquid, 

pyroxenes and mafic fragments was emplaced as a sill, and 

differentiation was produced in the sill by crystal frac¬ 

tionation, gravitational settling, and gradual solidifica¬ 

tion from the margins inward. There is little evidence to 

indicate whether the soda-rich feldspars were derived from 

the original magma or are alteration products produced by 

later action of volatiles and deuteric fluids. That some 

late alteration did occur, however, is demonstrated by the 
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alteration of hornblende and the filling of cavities 

by calcite and thomsohite. 



SUMKAKY AMD CONCLUSIONS 

On the basis of field and petrographic investigations, 

the following conclusions are drawn concerning the lampro¬ 

phyre sill under study: 

1, The sill is a spessartite lamprophyre. 

2* The sill is noticeably porphyritic at the contacts 

and almost equigranular at its center; the plagioclase 

grains increase in size and the pyroxene and hornblende 

grains decrease in size toward the center. 

3. The increase in plagioclase grain size toward the 

sill center is attributed to slower cooling in that region. 

The decrease in hornblende grain size may be caused by the 

greater alteration of that mineral at the center. The de¬ 

crease in pyroxene grain size may be caused by the growth 

at the center of the intrusion of a large number of small 

crystals, as compared to the growth of a few large pheno- 

crysts at the contacts, 

4. Magnetite is both primary and secondary. This 

mineral shows the effects of normal gravitational settling 

from a liquid, or partially liquid, magma. 

5. Hornblende occurs as individual grains and aggregate 

inclusions accumulated by the magma before injection, Horn- 
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blende is abundant at: the sill contacts and absent at the 

center; this may be caused by longer exposure to altera¬ 

tion at the center, for the crystals show increasing 

alteration toward the center of the sill. 

6. Plagioclase is generally more abundant and more 

sodic at the center of the sill than at the contacts. 

This may be expected from Bowen’s reaction series for a 

crystallizing melt, or it may be explained by greater 

alteration by alkali-rich fluids at the center of the sill, 

7. The total percentage of pyroxenes may increase 

slightly toward the center of the sill. 

8. The pyroxene and particularly the ampliibole grains 

were altered to magnetite, chlorite and calcite by deuteric 

fluids. 

9. The sill was probably intruded as a partially 

crystalline suspension of mafic aggregates in a highly alkalie 

fluid. After emplacement, the magma was differentiated by 

fractional crystallisation and crystal settling. 
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