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INI'OOOOCTICN AND SCOPE 

M::>re than 1300 dikes in the Adirondack region have been canpiled on a 
map at 1:250,000 (Isachsen and Wright, in press). Figure 1 is a severe 
reduction of this map. While 1300 may seem a large number of dikes, 
the sparsity of rock exposures in the region suggests that it 
represents at most a few percent of the total number actually present • 
.M::>st dikes are exposed 011er a length of only a few rooters or less, and 
are a meter or so thick. Several, hCMever, are exp:>sed intermittently 
for distances up to 15 km, and are as much as 10 m thick. '!Wenty-four 
types are represented, five of which are rret.am::>rphic. Mafic dikes 
clearly predcminate. Their prani.nence, in decreasing order, using the 
n.arres given in the literature, are as follows: diabase, "rrafic dike", 
basalt, gabbro, metagabbro, rretadiabase, hyperthene metadiabase, and 
garnet metadiabase. Next rrost praninent are larrprq:>hyres and granite 
pegmatite dikes. Rose diagrams of dike orientations (Isachsen and 
Wright, in press) shew these dani.nant strike directions: 1) NNE-NE for 
the basalt, diabase , gabbro and ''mafic" dikes, 2) WNW to E.W for the 
lamprophyres, and 3) NS to NNW for the rret.am::>rphic dikes . 'l11e 
northeasterly strikes of rrost of the UI'Itetan'orphosed mafic dikes 
corresporrls to the predaninant trend of faults and zero-displacerrent 
crackle zones that account for the great number of linear valleys in 
the southeastern half of the Adirondacks (Isachsen and McKerrlree, 1977; 
Isachsen and others, 1983). The easterly-westerly trends of the 
larrprophyre dikes rorrespond to the trems of similar dikes in Venront 

. (~ne and Corneille, 1980, ~one, 1984). Their radianetric dates 
are similar as well. 

'Ibis trip will include two stops to see lan-prophyre dikes and one to 
see the rrost l.nt>ressive concentration of dikes in the Adirondacks - the 
Rarrl Hill dike swarm. Here, rrore than 100 dikes, up to 180 rn in 
exposure lenqth, are exposed in three cross-cutting orientations. 
Diabase, olivine diabase, and trachyte porphyry dikes intrude gabbroic 
anorthosite gneiss. 

Subjects fur discussion will include: dike orientations vs regional 
fracture patterns, magnittrle of extensional strain, dike propagation 
mechanisms, relative and radiometric ages (and problems), 
paleomagnetism and apparent polar wander path, geochemical 
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Figure 1. Dike map of t he Adirondacks showi ng the di stribution 
and attitudes of dikes in the region (reduced from Isachsen and 
Wright, in press, 1:250,000). Twenty-four types, five of them 
metamorphic, are differentiated on the original l arge scale map. 
Multiple dikes with similar o rientations at many sites i ncrease 
the number beyond those shown here . Dikes are concentrated in 
the eastern Adirondacks and the Thousand Islands reg ion, t he 
general paucity of dikes in between is probably real ( I sachsen & 
Wright, in press). Plattsburgh is shown by solid circle, Rand 
Hill by open circle. 
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characterization, and plate tectonic inferences. 

Authorship contributions are as fo llows: Geochronology, M.T.H. and 
Y.W.I.; petrography , W.M.K., Y.W.I., C.W.S. ; paleanagnetism, h7.M.K.; 
geochemistrJ, c.w.s., R.A.C.; stop descriptions, Y.W.I., c.w.s. We are 
very grateful to David Seidemann for K/ Ar dating, Jarres Olmsted for 
helpful conversations, Shirley Pytlak for petrographic information on 
the Rand Hill d i kes, Robert B:lrry for Figure 11, and t o Mr. McKinney 
and Dr . John Mazur f o r their cor dial cooperation in allo,ying field 
studies on their respective properties. We are ITOst grateful for 
helpful reviews by J.G . McHone, J.F. Olmsted, W.B. Rogers, and P.R. 
Whitney. 

GECCHIDNOLCGY 

A major goal of ca:npiling a map of Adirondack dikes (Isachsen and 
Wright, in pr e s s) was to determine the history of paleostress in the 
region through K-Ar dating of dikes of kno,yn orientation. Making the 
si.rrplest asst.m1ptions, dikes will intrude perpendicular to the axis of 
least principal horizontal stress, and parallel to the axis of maximum 
principal stress. A successful study would show the changes in stress 
orientation through whatever tirre interval was represented by the 
dikes, arrl thus elucidate the regional tectonic history of the 
northeastern part of North Arrerica (Isachsen and Seidernann, 1983). 
Conventional K-Ar analyses were made by Seidernann on 24 whole reck 
sarrples fran 't.ll1Iretarrorphosed dikes including diabase, olivine diabase, 
trachyte, and larrpro'P'lyres. Five lamprophyre dates ranged fran 146 to 
123 Ma and one trachyte porphyry intruded into Paleozoic strata gave a 
date of 113 Ma (Isachsen and Wright, in press). Spanning the Late 
Jurassic to Middle Cretaceous period, these ages indicate an easterly­
westerl y maxim.ml principal stress at that tirre. This agrees with 
trerrls and dates reported by McHone and Corneille (1980) and McHone 
(1984) for trachyt e dikes cutting Ordovician strata along the Venront 
soores of lake Champlain. They obtained an Rb/Sr isochron for several 
dikes of 125 + 5 Ma. 

The K/Ar dates for diabase and olivine diabase in the eastern 
Adirondacks shew a wide range (Geraghty and Isachsen, 1979; Isachsen 
and Wright, in press). Seven dates at Rand Hill cluster in the 
a:::.uparatively narrow range 588-542 Ma. Progressing southward, h<::MeVer, 
ages became younger, reaching 261 Ma at Pottersville which is located 
~ 40 k:m south of Rand Hill. This is consistent with the yoonging of K­
feldspars alon:j this sane trend (Heizler and Harrison, 1987). With 
respect to the Rand Hill dikes, it is interesting to note that diabase 
dikes with the sane ENE trend and "Iapetan age" occur in the Ottawa 
graben, where Bourne and Hogarth (1978) report K/Ar dates of 564-570 
Ma. 

The younger diabase dikes in the south central and sa.1thern 
Adirondacks, haNever, are surprising because ro diabase dikes have yet 
been found that cut reeks younger than the Middle Proterozoic ba.sertent. 
Kent> and Marsters (1893) and Cushing (1898) early noted that diabase 
dikes did not cut the basal Paleozoic Potsdam Sandstone of Middle 
Cambrian age. The pre-Potsdam age of such dikes is further coofirrred 
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by OJshing ' s discovery of glacial boulders of Potsdam sandstone 
containing pebbles of diabase. CUshing also found trachyte porphyry 
fragments in such boulders. This demonstrates the existence of a pre­
Potsdilln intrusive episooe of trachyte in addition to that o f Y'.esozoic 
age referred to above. Also, there is fie ld evidence that the diabase 
and trachyte porphyry dikes at Rand Hill are coeval: CUshing (1901) 
describes a diabase cli.ke that cuts a trachyte porphyry cli.ke, while at 
another site (a.tout 300 m southwest of the map area in Fig. 11) , 
Geraghty and others (1979) document the reverse intrusive 
relat ionships . This suggests that if these trachytes are of the same 
generation, the Rand Hill cli.ke swarm is a bim:x1al canagmatic suite. 
This conc l usion receives support in the section on Geochemistry , 
although rror e dikes in the Rand Hill swarm should be dated and analyzed 
to test this possibility. 

The arrbiguity between the relative and K/Ar ages of diabase dikes in 
the southeastern Adirondacks inspired the use of the 40Arj39Ar method 
to same of the K- Ar dated dikes. Before discussing the results, it is 
desireable to give a brief revie<N of the 40Ar;39Ar method because of 
i ts bearing on the interpretation of the data obtained. 

True cryst allization age can be determined only if there has been 
neither a gain nor loss of 40Ar, either during or after emplacement. 
Such an a ssurrption, havever, can be hazardous. Argon, being an inert 
gas, can diffuse into dike minerals fran K-rich country rock or 
incorporated xe noli ths during intrusion. Alternatively, it can readil y 
diffuse out of minerals during even relatively small tenperature 
perturbations i f they are persistent on geological time scales (i.e . 
millions of years ) . Thus, for example, argon will diffuse out o f 
p lagioclase a t terrperatures between 100-200<:{: and cause an ananalously 
young K-Ar age . An additional problem is that plagioclase generally 
contains 40Ar in exces s of that produced from in situ decay of 40K. 
Such argon contamination will result in a K-Ar date older than the 
c rystal lization age . Nevertheless, conventional K-Ar dates can onl y be 
based on the assumption that all the non- atmospheric 40Ar was produced 
by in sit u decay of 4~. 

· To tes t this assumption, an 40Arj39Ar incremental heating technique 
can be used. Briefly~ this requires irradiation of the sample whereby 
3~ is transruted to .59Ar through a neutron-proton reaction. I naszruch 
as 3%r is proportional to 40K, and is thus a measure of the parent 
concentration in the materi al, the 40Ar I 39Ar ratio (essentia l l y the 
daughter-to-parent ratio) will be proportional to age. Heating the 
sarcple in a serie s of increas ing tE!l'perature steps arrl plotting the 
percentage of 39Ar evolved at each step versus its calculated age 
creates an age spectrum (Fi g. 2). If the sample has undergone nei ther 
argon l oss nor gain, each incremental release of gas should yield the 
same age, r esulting in a flat spectrum or "plateau". Deviations fran a 
p lateau will generally indicate a gain, loss, or both of 40Ar during 
the geological his tory of a sample. Such release spectra can provide 
dates that are far more geologically significant than those obtained 
throucth conventional K- Ar dating. For a canplete description of the 
40Ar; 39Ar method and the interpretation of release spectra see 
McDougall arrl Harrison (1988). 
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i igure 2. 40Ar t 39Ar release spectra for plagioclase separates from three diabase dikes 
located within a 40 1tm radius in the southeastern AcHrondaclts , 140 ltm south of Rand Rill, 
and one (Big l!losel from the southernmost Adirondacks . The age gradients suggest post­
crystallization argon loss. A. Sample yields a plateau from 3 percent to 70 percent of 
the 39AR released, with an age-ot -300 Ma. This may be a cooling age following Paleozoic 
burial. The last 35 percent released may reflect the -600 Ma crystallization aqe of the 
dike, excess 40Ar, or a combination of the tvo. B. Age spectrum shove excess 'OAr over 
the initial -5 percent o f gas released, with a minfmum at -233 Ma. The age gradient for 
the first -63 percent of gas released ia indicative of argon loss. The unuaual dramatic 
age increase at -63 percent may reflect a relatively retentive siting for the argon then 
being released . The final 580 Ma age may be a minimum date of intrusio n. A conventional 
K/ Ar whole rock analysis gave a date of 261 + 5 Ma (Isachsen and Wright, in press), C. 
Age spectrum shows an overa ll increase in age from early release until -97 percent releasi7 
The age gradient probably reflects the 40 Ar concentration distribution that reaulted from 
later reheating following emplacement prior to 450 Ma . The final gas release appear1 to be 
excess 40Ar . A conventional K/ Ar detennination gave a date of 370 + 7 Ma (I!Iachsen and 
Wright, in pressl. D. The young apparent ages of -80 Ma reflect cooling below lOOOC of 
thi s relatively low-retentive plagioclase. The very steep gradient probably re1ult1 from 
e xcess 40Ar, an interpretation strengthened by t he age decrease f or final gas release. If 
not caused by excess argon, the release spectra may indicate a minimum c rystall i zation age 
o f 2 SO Ma. A K/ Ar determination gave a date of 3 77 :!:. 8 ( Isachsen and Wright, in press I . 
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Figure 2 s hows release spectra for plagioclase from three dikes that 
are located f rom 120 to 140 krn south of Rand Hill (Fig. 1 ) . The 
awarent ages are variable, with all spectra displaying apparent age 
<;foaclients rather than true-age p lateaus. These age gradi ents reflect 

OAr concentration gradients within the plagiocl ase crystals that 
result from both excess argon and argon loss, and thus probably do not 
yield dike crystalli zati on ages. 

· The age spectra for plagioclase samples from the diabase dikes shONn 
in Fig. 2 lack broad plateaus, and, aside fran the Pottersville dike, 
even the oldest ages are younger than the age bracketed by field 
relationships. Conventional K-Ar ages on these samples would therefore 
be meaningless geologically. 

The timi~ and cause of the apparent argon loss is a question of 
interest. Dalrymple and Lamphere (1969) have reviewed seven geological 
factors that can potentially cause argon loss in minerals: 1) the 
inability of the mineral lattice to retain argon, 2) rrelting, 3) 
metarrorphism, 4) weathering and alteration, 5) recrystallization, 6) 
reheating, and 7) physical damage. In this connection, all thin 
sections of Adirondack dikes examined thus far stx:M rroderate to 
extensive alteration. Whether this alteration is deuteric or a later 
hydrothermal effect is not kna,.m, but the absence of hydrothermal 
alteration in associated country rocks suggests the former. Regardless 
of this question, a number of stu:iies other than 40Ar; 39Ar bear on the 
cause of argon loss. 

As reviewed by Johnnson (1986) and Friedman (1987), seven irrlependent 
indicators have sh:Mn that terrperatures approaching 1 750-200~ are 
reoorded in the Middle arrl Upper Devonian strata of New York - strata 
that Rickard's (1988) isopach maps suggest originally extended across 
the Adirondack region. The therm:::rreters used are vitrinite 
reflectance, concdont coloration, distinctive authigenic minerals, 
reset fission track ages in apatites and zircons, fluid inclusion 
harogenization, stable isotopes of oxygen, and stable isotopes of 
carton. Assuming that these elevated t~atures resulted fran burial 
rather than igneous activity, 4 krn of post-Upper Devonian sediirents 
must have once covered the area (e.g . Johnnson, 1986), b .u:ying the 
basement to 8-9 km. This inq)lies that the carl:xmiferous strata of 
Pennsylvania once extended rorthward across Nerw York State. Reheating 
t0 200~ by burial Y.Ould cause argon loss in the plagioclase of diabase 
dikes and explain the Phanerozoic K/ Ar ages. 

40Ar;39Ar studies by Heizler and Harrison (1987) suggest that the 
time of this reheatin3" and subsequent uplift and cooling to belov.1 150~ 
was ~t 180 Ma ago (Early to Middle Jurassic). They proposed another 
cause of reheating, namely, burial during the Devonian coupled with 
influx of heat fran an inferred failed rift to the east related to the 
opening of the Proto-Atlantic, (Iapetus) • 
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PE'l'K>GRAPHY OF THE RAND HILL DIKES 

Introduction 

The petrography of dikes at Rand Hill is treated in SOJre detail in 
this separate section because of its application to the next section, 
Paleanagnetism. The petrography of ~e other dikes is discussed under 
the appropriate field trip stop descriptions. 

1hree types of dikes occur at Rand Hill: diabase, olivine diabase, 
and trachyte IX>rphyry. These will be examined at S'.IOP 2 in both fresh 
roadcuts and an extensive area of natural exp:>sures. Although sare of 
the dike rocks are very fine-grained, they are classified as diabase 
rather than basalt, follc:Ming the convention for hypabyssal versus 
extrusive rocks. 

Diabases· 

As applies to basaltic rocks in general (e.g. Hatch and others, 1973) 
both diabase varieties at Rand Hill contain plagioclase and 
clinopyroxene as essential minerals, as well as abundant oxides of iron 
and titaniun oxides. In addition to clinopyroxene, a calcium-poor 
pyroxene, either pigeoni te or orthopyroxene, may also be present 
depending on temperature of crystallization. Plagioclase carm:mly 
at:PE=ars in tvA:> sizes and generations: as early-fonred phenocrysts and 
as more sodic microlites in the groundmass. Similarly pyroxene may be 
present in two generations. Hornblende is rare, but small ano.mts of 
biotite are not uncorrmon. Apatite, in small acicular crystals, is 
plentiful. As to the presence or absence of olivine, Hatch and others 
(1973) note that it occurs in most, though not all basalts and 
diabases, and is present either because (1) the magma is 
undersaturaterl in silica or (2) if slightly oversaturated, because 
early-fonred olivine is prevented from converting to orthopyroxene by 
rapid chilling of the magma. In Adirondack olivine basalts and 
diabases, the olivine may be found in all stages of alteration to 
serpentine, talc, iddingsite, chlorite, magnetite, limonite, 
rhombohedral carbonate. Pyroxene may be replaced by chlorite, calcite, 
epidote. 

In conjunction with a paleomagnetic study of the dike rocks at Rand 
Hill, a number of thin and tx>lished sections were examined in 
transmitted and reflecterl light. The observations are given below. 

Di abase. The samples examined were taken from sites RH-17 and RH- 24 of 
Geraghty and others (1979), which correspond to samples collected by w. 
Kelly and L. BrCMn for a paleomagnetic study retx>rted on by Brown 
(1982). Plagioclase, which makes up about 60 percent of the rock, 
forms laths and anhedral crystals that range up to 1. 5 rrm in length and 
average 0.1-0.5 rrm. 'Ihe laths are fairly strongly zoned and flow­
aligned, and show 10-20 percent alteration. Biotite, generally in 
anhedral crystals, appears to be primary, and makes up 1 0-15 percent of 
the rock. It ranges fran extre..-rely fine-grained to 0 .1 mm in diarreter, 
and. is abundant in the 0. 0 1 mm size range. Intergrown with it is a 
secondary fine~ained greenish phase, p:>ssibly chlorite. Apatite 
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needles, 0.05 nm in length, are abundant. Epidote, defined in the 
broad sense, occurs in amJUnts up to 10 percent and is probably a 
replacenent of plagioclase. It is anhedral and averages 0.1 nun in 
size. Secondary calcite forms in rhcmbohedral grains 0.1 nrn in 
diameter. 

Opaque minerals make up appraximately 15 percent of the rock. These, 
as in all the Rand Hill dikes, are daninantly iron-titanium oxides. 
Titananagnetite has a bllncd.al grain size distribution. SUbhedral 
grains, 0.02-0.04 rnn with an observed maximum of 0.1 nrn, display 
subsolidus axidation exsolution textures as shown by the presence of 
ilm:mi te lamellae on the (111) planes of the magnetite (Haggerty, 
1976). Harogeneous anhedral magnetite, 0.01-0.001 nm, is ubiquitous. 
An oxide dust, <O.OOl.rml, is present in the silicates. It is probably 
magnetite but is too fine for definite identification with an optical 
microscope. Traces of pyrite, 0.025-0.05 rrm, are present, and sane 
contain minor patcres oxidized to magnetite. 

It is not~rthy, and will be referred to in the section on 
Geochronology, that both silicates and oxides are altered in the dikes, 
although silicates are the more altered. 

Olivine diabase (porphyritic). This rock displays a range of textures 
that are related to the degree of alteration of the rock and the 
presence or absence of olivine or pyroxene phenocrysts -- minerals that 
weather to form pits. The mafic Fbenocrysts are concentrated in the 
central part of the dikes by flow differentiation. In contrast, the 
less dense plagioclase phenocrysts are more abundant near the margins. 
The samples examined were collected from sites RH-16, RH-20, RH-22 and 
RH- 23 of Geraghty and others (1979). The following sumnarizes the 
characteristics of this entire suite of samples. 

Plagioclase laths are present as phenocrysts, 1-5 nun long, in a 
groundmass of finer-grained laths 0.01-0.05 rnn in length. The 
plagioclase Fbenocrysts ccmronly occur in rafts as though they stuck 
togetrer duriiXJ flow. The core of the plagioclase is tan, probably due 
to suhnicroscopic inclusions, and fades towards the rim. All the 
plagioclase is fairly strongly zoned. It constitutes 40-65 percent of 
the rock, and is 5-10 percent altered to sericite. Clinopyroxene 
occurs between the plagioclase laths in typical ophitic fashion, with a 
grain size of about 0. 05 rmn. A few highly-altered phenocrysts 
measuring 0.1-0.2 rnn were observed. Clinopyroxene now forms only 1- 3 
percent of the rock whereas before its alteration to epidote, 
serpentine and clinozoisite, it made up about 40 percent in sare 
sarrples. 

Moderately to severely altered grains of olivine, O.l-0.2mm in size 
are present in most samples. Where olivine is absent , its ghosts 
remain as clots of alteration prcxructs. 'lhese carprise oxides plus 
serpentine, with or without a brown alteration phase which is prc:bably 
iddiiXJsite. Only trace amounts of olivine remain, although originally 
it fonred several percent of the rock. The relict alteration clots are 
rirnned, corona-like structures. Their core is a cloud of magnetite, 
hematite and pyrite which a~s massive in thin section, but in 
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polished section is revealed to be cooposed of many very small grains. 
The core is generally surrounded by a thin ( <0 .1 nrn) discontinuous rim 
of a very fine grained colorless phase. This is rimred by a green 
phase, probably serpentine, which is itself rimmed by or mixed with a 
fine-grained brown alteration product that contains small biotite 
crystals. The brown phase probably is iddingsite that overgrew biotite 
in the matrix as the alteration rim formed. It is the selective 
weathering of these alteration clots that accounts for the pitted 
surface of these dikes. 

Biotite, in 0.25-1.0 mm anhedral to subhedral grains, is disseminated 
throughout the groundrnass. It occurs both as primary grains and as 
secondary grains in alteration rims on Fer-t} silicates, and in 
aggregates of grains that seem to be derived fran totally altered FeM:J 
silicates. It fonns up to 10% of the rock. Apatite needles have the 
sarre size range as in the diabase dikes, but are less abu:ldant. 

Epidote and serpentine are very common alteration minerals in these 
rocks. Epidote, in anhedral to subhedral 0.01 rrm crystals, is 
disseminated in the matrix and also occurs in aggregates 0.3 mm across. 
These clots of epidote contain no relict mineral core but may be 
altered clinopryaxene. Epidote also occurs in the alteration rims of 
the silicates that fonn the weathered pits. The serpentine generally 
has a fibrous habit, radial to the edges of the altered FeMg silicate. 
Serpentine also occurs as veinlets. Epidote and serpentine together 
fonn as IIDch as 3 0 percent of the rock. Opcque minerals make up 10-
20 percent of the rock. These are distributed evenly through the 
matrix and are concentrated in the cores of the coronal structures. 
Although the m::>st ccmron opaque mineral is FeTi oxide, there is a wide 
variation in the degree of alteration of the oxides. Magnetite occurs 
both as a hortogeneous phase and with included larrellae of ilmenite. 
Some grains are considerably altered to maghanite or hanatite. In 
samples with altered oxides, completely altered grains may coexist in 
close proximity to unaltered grains. 

Magnetite occurs as skeletal to subhedral 0.001-0.2 grains, both 
horrogeneous and with exsolved ilmenite on (111) of the magnetite. 
Maghernite, fonred as a late, patchy alteration product, may replace 50-
100 percent of sane grains. A very fine grained (<<0.001 mm) dusting 
of an oxide mineral, possibly magnetite, occurs in what appears in 
reflected light to be plagioclase. 

Anhedral homogeneous magnetite occurs as clusters or clouds of 0.01 
urn grains in the core of the rirrned aggregates that represent altered 
phenocrysts of olivine or pyroxene. These oxides are obviously 
secondary, fonned fran the breakdown of the silicate phase. A lesser 
annunt of secondary acicular hematite is commonly associated with the 
magnetite in these clusters. 

Late pyrite occurs as anhedral and locally euhedral grains 0.01-0.1 
nrn, both in the matrix of the rock and in the cores of the coronal 
structures that contain FeTi oxides. Pyrite makes up less than 1 
percent of the opaques. A trace of chalcopyrite was also observed in 
the oxide clusters. 
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Trachyte. A general description of the Rand Hill trachytes by Cushing 
(1901) is surrma.rized under STCP 2A. 'lbe following details are fran 
specific samples of Rand Hill trachyte collected at station RH-21 of 
Geraghty and others (1979). 

Plagioclase, which occurs as 0.1-0.2 mm laths with abundant very fine 
alteration products, constitutes approximately 25 percent of the rock. 
Potassitlll feldspar fonns laths and anhedral crystals in the same size 
ran<Je, and was distinguished fran plagioclase by staining. It makes up 
about 35 percent of the rock. 

Fresh biotite, in sul::hedral, 0.01-0.1 mm grains, constitutes roughly 
25 percent of the rock, and highly-altered clinopyroxene carprises 
about one percent. Apatite occurs as abundant needles, 0.05 rran and 
finer in size. 

~cque minerals make up about 15 percent of the trachyte. ~al 
magnetite is the rrost comron, occurring with a bim::>dal grain size 
distribution. The larger grains, averaging 0.05 rrrn, are either 
hanogeneous or display ilrrenite lamellae on the (111} plares. These 
grains sh:M up to 25 percent alteration to hematite, and perhaps 10 
percent alteration to maghanite. 'Ibe smaller grains, 0.01 rrm and 
finer, are hanogeneous, with only a minor arrount of hanati te 
alteration. Overall, the primary magnetite is 10-20 percent replaoe:rl 
by later minerals. 

Minor discrete hernati te grains, 0. 0 5 rran and finer, appear anhedral 
and 11citogeneous. These lack any internal relict structure and so are 
prcbably secondary. In thin section, bright red hanatite flakes were 
noted. Very minor pyrite fm:ms 0.05-0.001 nm anhedral grains. 

PALECMAGNEI'I~ OF THE RAND HILL DIKES 

One hundred U..U oriented samples were collected fran 20 sites ruocmg 
the Rand Hill dikes to establish paleomagnetic poles to accompany the 
K/Ar dates (late Proterozoic, Lc:Mer and Middle cambrian and Lower and 
Middle Devonian) published by Geraghty and others (1979). Natural 
remanent magnetization direction shows a strong preference for the 
earth's present magnetic field (Fig. 3). 'Ibere is a fairly strong 
viscous component to the magnetization which may be due to secondary 
mineralization or to alteration of the primary magnetic phases. This 
conp:::ment decreases in intensity fairly rapidly upon thermal 
demagnetization, reaching 20-30 percent of original intensity at sooOc. 
After alternating-field denagnetization up to 50 rriT, the direction 
moved to a rrore easterly declination, although the inclination ranained 
steep. The rrean direction for 17 dikes is I = 64.40 and D = 63.40 
(alpha-95 = 7 .50) (Fig. 4). This corresponds to a geomagnetic pole at 
46.80 N latitude and 351.20 E longitude, which is far rem:JVed fran 
Paleozoic poles for North Arrerica and is not similar to any yamger 
poles for the continent (Fig. 5). Instead, the Rand Hill pole 
corresponds fairly well to sare Precambrian poles (Brown, 1982). 

'Ihe apparent polar wander (APW) path for Proterozoic rocks is not 
firmly established but paths have been suggested which share many 
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Figure 3. Natural remanent magnetization directions for all Rand 
Hill samples (n=l02). Present earth field i.s indicated bv cross 
in circle. Sol i d circle indicates positive inclination, open 
c ircle negative inclination. 
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F igure 4. Inclination and d eclination of all Rand Hill sites . 
The me a n is indica ted by circ l e d "x". S i t es in p a rentheses are 
not i nc luded in the mean . The p rese n t earth fie l d i.s s hown h y 
circ l ed cross. 
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features. Figure 6 shJws the position of the Rand Hill pole in 
relation to Grenville poles for North Arrerica. The correspondence is 
not exact but does suggest that the dikes may be older than the 
Paleozoic dates would indicate. Grenville paleopoles and part of the 
North American polar wonder path of Buchan et al. (1983) are shown in 
Figure 7. The Rand Hill pole falls at a point on this APW path which 
is pre-980 Ma in age. Given that the dikes are not rretanorphosed, 
their rnaxirm.:nn age is constrained by the Grenville event which affected 
the Adirondack rocks 1.0-1.1by ago. 

Another APW path, (Roy and Robertson, 1978) is shown in Figure 8. 
The late Proterozoic (Hadrynian) track in this figure is uncalibrated 
except for age limits between 950 Ma and 650 Ma fran equator to 
equator. The Rand Hill pole falls on this track near the younger end 
but clearly before the 650 Ma position. 

As was discussed under Geochronology, the K/ 'AI dates are nav­
considered minimum dates of c:rystallization. Inasmuch as the dikes are 
relatively fine-grainerl and in places have glassy chill borders, they 
are interpreted to be late late Proterozoic or earliest Paleozoic, 
although this would be yo~er than the age suggested by the APil path 
proposed by Roy and Robertson above. In any case, the 40'Ar;39Ar 
release spectra and the fact that the oxide phases, as well as the 
s i licates, are altered, leaves further refinement of the diabase dike 
ages to the future. 

GEOCHEMISTRY 

Analytical rrethods 

Four major and trace element analyses of dike rocks fran Stop 1, and 
15 from Stop 2, were made using an cngon-plasma spectrareter at 
Middlebury College (Table 1). Neutron activation analysis of one 
sarrple was made for rare earth elerrents (REE) by Nuclear Activation 
Services, Ltd. in Ontario. 

Results 

The results shCM that although SC>ITe of the major elements may have 
been rrobile during alteration, all of the rocks have Si02 contents 
within the range of basalts. 

Major and trace elerrents. All of the samples contain relatively high 
arrounts of Ti02 ( 2 . 3 2-2 • 6 5 percent) • The differences anong the three 
older dike types can be seen by plottin] P205 vs. Ti02, Sc vs Ti02, and 
Ni vs FeO/MgO (Figs. 9a, 9b, 9c). In figures 9d and 9e, geochemical 
properties are plotted on tectonic diagrams. The Ti-Zr-Y diagram (Fig 
9d) of Pearce and Cann (1973), shows that the diabase-olivine diabase 
dikes all fall in the center of the continental (within plate) basalt 
field, and the coarse-grained diabase (fine-grained gabbro) lies along 
its border. This classification fits the regional setting of these 
dikes. In the FeO-~Al~3 tectonic diagram (Fig. 9e) of Pearce and 
others (1977), the coarse-grained diabase again plots along the border 
of the continental basalt field. However, the diabase-olivine diabase 
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Figure 5. Apparent geomagnetic paleopole positions for the 
period 350 Ma to present. Center of diagram = north geographic 
pole. Star = pole position indicated by mean inclination a nd 
decl ination for Rand Hill. Circled cross present position 
(latitude - longitude) of Rand Hill. 
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Figure 6. Rand Hill paleopole shown relative to Grenville 
paleopoles and others of the Grenville Structural Pr ovince. 
Modified from Irving and McGlynn ( 197~. 
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Figure 7. Grenvi l le paleopoles 
North America (Buchan and others, 

and part 
1983). 

of the APW path 

the ;._pw path for the Late Proterozoic , 
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Roy and Robertson 
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by (1 978) . Rand Hill paleopole is shown 

228 



'nb1e 1 

Lamprophyres Diabase + Olivine Coarse Trachyte Porphyry 
Diabase 

Sltp1.e 6?57 6258 6282 6283 6189 6l.<xl 61.91 61.93 6196 61.96 om 6201 6194 6197 6183 6184 6185 61~ 6187 

~ 49.36 44.07 42.67 42.48 47.33 49.84 49.76 51.07 52.19 50.16 49.48 50.06 48.79 48.71 51.33 49.29 50.78 52.63 51.75 

~ 2.17 2.42 2.73 2.74 2.66 2.49 2.58 2.46 2.35 2.64 2.65 2.52 2.36 2.32 2.60 2.64 2.48 2.45 2.49 
Al.PJ 11.25 13.26 12.99 12.91 15.05 14.70 15.09 13.48 13.67 13.75 12.21 . 15.26 14.23 14.01 15.76 15.72 16.08 16.18 15.79 
R:O 13.07 13.12 12.64 12.15 13.87 12.39 12.52 11.82 11.73 11.75 11.63 11.83 12.87 13.89 12.60 12.~ 11.70 11.53 11.76 
M1) 0.19 0.17 0.18 0.16 0.11 0.19 0.22 0.20 0.19 0.15 0.15 0.15 0.19 0.19 0.15 0.14 0.13 0.13 0.13 
M1:> 9.55 8.ro 9.31 9.34 9.83 6.95 7.00 9.01 6.89 7.67 7.89 5.81 6.09 5.'!7 4.12 4.00 3.82 3.65 3.74 
Q() 11.32 12.44 12.82 13.22 3.46 5.85 6.22 7.89 6.67 7.87 8.43 7.78 7.72 8.33 4.64 4.85 4.79 4.67 4.50 

N:t:P 1.79 2.74 2.23 2.63 3.20 3.65 3.66 3.07 3.24 3.43 3.20 3.96 2.70 2.36 4.66 4.59 4.81 4.81 4.84 
K~ 2.15 1.97 2.28 2.28 1.78 1.65 1.86 1.43 1.44 1.55 1.45 1.69 1.52 1.79 2.84 3.06 3.40 3.45 3.31 

PP5 0.85 1.01 1.10 1.14 0.84 0.89 0.91 0.54 0.47 0.61 0.62 0.88 0.45 0.42 1.36 1.35 1.27 1.27 1.28 

'lbt:al 101.70 99.80 96.95 99.75 ~.13 96.60 99.82 100.97 98.84 99.58 '!7.71 99.94 96.92 Cf7.99 00.06 '!7.78 99.26 100.77 99.59 

WI 9.10 5.00 4.67 4.64 4.94 2.36 2.33 2.33 2.99 2.16 1.85 1.84 2.00 1.67 2.11 1.70 1.52 1.54 1.68 

~ El.erert:s ~ 
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Ni. 184 1.57 169 176 173 121 114 234 144 173 193 112 90 82 39 32 25 39 31 
~ 879 1121 2016 1~ 390 570 5J7 422 334 488 526 ~ 238 ~ 620 ffi2 647 658 593 
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zr 168 195 203 '}fJ] 213 222 230 161 160 1.88 234 m 190 188 47 44 44 63 56 
B:l 8)) 943 1393 1631 455 4Cf7 496 373 329 4.2.9 419 m 319 294 769 762 793 850 789 



sanples span the oontinental and adjacent ocean island fields. This is 
probably because arry sarrples oollected near the center of these flew­
differentiated dikes would contain an above-average concentration of 
olivine and this \\UU.ld rrvve the plots towards the M;rFe side of the 
triangle. The trachyte porphyry samples fall outside of the tectonic 
fields of Pearce and cann (1973) in Fig. 9d, but lie on the boorrlary of 
the oontinental basalt field in Fig. 9e. As discussed under 
Geochronology, field relationships suggest that the diabase and 
trachyte dikes are a coeval. Their geochemistry supports the 
interpretation that they are derived from a common magma source. 

Rare-earth elements. The one sarrple of olivine diabase (sample no . 
1968) that was analyzed for rare earth elerrents shows stroD;J 
enridrnent in the light rare-earth elerents (LREE) relative to the 
heavy rare-earth elements (HREE) (Fig. 9f). This is similar to 
patterns found in early rift basalts in the Green MamWns (Coish and 
others, 1986) and in the Hudson Highlands (Ratcliffe, 1987). Modern 
alkali basalt from the African Rift system and oceanic islands have 
similar patterns. 

The plots of Fig. 9e suggest that the olivine diabase and trachyte 
porphyry are geochernically similar to within-plate intrusions. '!his 
suworts the interpretation that they are part of the rift-related 
volcanism along the eastern coast of North America that preceded the 
opening of the Proto-Atlantic (Iapetan) basin (e.g. Rankin, 1976). '!he 
diabases are similar to other basal tic rocks fo.md along the 
Appalachians that are rich in Ti, Zr, Y, and P, and enriched in LREE. 

~ olivine diabases are chemically similar to the rretadiabase dikes 
of the Hudron Highlands (Ratcliffe, 1987) and the Bakersville dikes of 
North carolina (Goldberg and others, 1986) which cut Grenville-age 
baserrent alon:r the western edge of the Appalachians arrl have been 
subjected to Taoonian rretamorphism. The chemically-similar dikes in 
the eastern Adirondacks are probably of the same vintage, but because 
the Adirondacks are part of the craton rather than the foldbelt, they 
are urrrnetanorphosed. The above metadiabase dikes have been interpreted 
as being associated with extension acccropanying Iapetan rifting of 
North America, and the same interpretation fits the Adirondack diabases 
based on their relative age, geochEmistry, and paleomagnetism. 

Greenstones of the Tibbet Hill Formation in Vermont were interpreted 
by Coish and others (1986) as transitional to alkalic basaltic rocks 
that have high Ti02, P205 , Zr, and Y contents and are stron:rly enriched 
in the LREE relative HREE. Although the olivine diabases of Rand Hill 
have slightly lower Ti oontent and higher LREE. This may be because 
the Rand Hill dikes intruded the crust during earlier stages of Iapetan 
rifting (Coish and Sinton, 1988). 

The geochemistry of larrprq:hyre dikes is described urrler Stop 1. 
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ROAD ra:; 

"For the structural geologist, eroded dykes may be viev.Bd 
as the remnants of full-scale tests of the fracture 
strength of the Earths crust. If field observations are 
properl y interpreted, they will provide irrportant 
constraints on the process of dyke ernplacarent." 

David Pollard, 1987 

MILEx;E 
BE'IWEEN aMJ-
POINTS IATIVE 
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Ra.JTE DFSCRIPI'ION 

Fran parking lot at -west end. of Hudson Hall at SUNY­
Plattsburgh, turn right onto Broad St. and head west. 

Turn right (north) onto N. Prospect St. 

Tom Miller Rd. Turn left (west) cross overpass over 
I-87. 

Quarry Rd. Turn right (north). Pass Plattsburgh 
Quarries on left. 

Intersection with NYS Rts. 374 and 22. Turn left 
('west) onto 374, get into right lane, and park. 

STOP 1. U\MPIDPHYRE DIKES 

Two lamprophyre dikes cutting a tilted fault block of 
Cro;vn Point Lirrestone (Middle Ordovician) of the Chazy 
Group. The dikes strike N65-73W and dip 83-85 NE, 
parallel to the praninent joint set here. They are 
about 50 em thick and display chilled margins. '!hey 
contain calcite amygdules, clinopypoxene phenocrysts 
and local xenoliths of gabbroic rretanorthosite. The 
subject of lamprophyres has recently been reviewed by 
Rock (1987) . '!he name covers a number of alkalic rock 
types that fonn dikes or sills, and rarely lavas. 
They are defined by their content of abwrla.nt euhedral 
to subhedral phencx::rysts of mafic minerals such as 
olivine, amphibole, biotite, clinopyroxene, apatite or 
oxides, but not felsic phenocrysts; the groundmass may 
be mafic, felsic or glassy. Silica content and Na/K 
ratio vary widely. 

In the field, lamprophyres may be difficult to 
distinguish fran diabase dikes, but a careful 
examination of textures s:OOWs lamprOJ:hyres to lack the 
familiar ophitic or diabasic texture with its visible 
laths of plagioclase. Instead, lamprophyres have a 
pronounced panidiamorphic-granular (sugary) texture 
with mafic phenocrysts of various sizes in a fine­
grained alkali groundmass. Spherical, calcite-bearing 
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arto/gdules are corrmon. 'Ihey, and mafic phenocrysts, 
may weather preferentially to produce a pitted 
weathering surface. Although similar weathering also 
characterizes olivine diabase and olivine basalt, 
these shcM the lath-shaped crystals of plagioclase, 
commonly of phenocryst size. 

The dikes at this locality ere rich in arto/gdules 
filled with calcite. One dike shows an equigranular 
texture of biotite, plagioclase laths, subhedral and 
skelet~l opaques, and olivine micro-phenocrysts, with 
sane apatite and arrphibole. 'IWo samples taken fran 
the southern side of the road show a characteristic 
porphyritic, texture, with large euhedral to subhedral 
phenocrysts of zoned clinopyroxene. The graundmass 
consists of essential biotite, plagioclase, subhedral 
opaques, apatite, and possibly amphibole. Alteration 
of the rock is minimal, but scree of the mafic 
phenocrysts have been altered to cholorite and 
calcite. The presence of rourrled anorthosite 
xenoliths suggests possible contamination of the 
magma. 

Fran the whole rock chemistry (Table 1) these rocks 
can be classified as alkaline lamprophyres, according 
to Rock (1987). Note the high concentration of 
alkalis, particularly K:P. The Si02 contents of the 
dikes are similar to those of the carnptoni tes of the 
Champlain Valley studied by McHone and Corneille 
(1980). Rock (1987) notes that lamprophyres have 
distinctly higher concentrations of Ba and Sr relative 
to other silicate igneous rocks, and this is shown 
here. The lamprophyres have Sr values ranging from 
879 to 2016 ppn and Ba values of 800 to 1631 ppn 
(Table 1), as carpared to the diabase dikes at Stop 2 
(Rand Hill) which have Sr values of 334 to 706 ppm and 

Ba values of 373 to 496 ppm (Table 1). 

These dikes are probably related to other 
larrprot:hyres of ~sozoic age found within the 
Charrplain Valley which have been associated with the 
alkalic syenite gabbro intrusions of the funteregian 
Hills of Quebec (e.g. McHone and Corneille, 1980 ~ 
deBoer and others, 1988) . 
Continue west on Rt. 374. 

Turn right (north) onto Rt. 190 (Old Military 
Turnpike) 

S'TOP 2A. RAND HILL Dll<E SWARM 

Road cuts along Rt. 190 immediately south of Murtaugh 
Hill Road. Examination will be made first of the 
roadcuts here which provide fresh 3D exposures of the 
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Figure 10. Pace and compass map of dike exposures on Rt. 190 at 
eastern flank of Rand Hill. Only · dikes wider than 40 em are 
shown. Sample site numbers are keyed to the chemical analyses of 
Table 1. 
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several dike types that make up the Rand Hill dike 
swann. Very extensive exposures will then be ex~ 
in the largely open area that extends half a kil<m::!ter 
to the west, S'l'OP 2B. The intruded country rock is 
gabbroic anorthosite gneiss. 

The Rand Hill swarm is located at the eastern foot 
of Rand Hill. It was first des~ribed by H.P. Cushing 
(1898) who called attention to three localities in the 
northeasten .Adirondacks with "exceedingly nunerous 
dikes" : Rand Hill, Dannemora Ma:mtain, and the shores 
of Upper Chateaugay Lake. The Rand Hill dikes are 
nearly all vertical or sub-vertical, and consist of 
three types: diabase, olivine diabase, and trachyte 
porphyry (the "red syenite porphyry" of Cushing). 
Cushing noted that the thinner diabasic dikes are 
a.l.nost without exception porphyritic, and that the 
same awlies to the borders of the wider dikes. In 
thin section, he found two generations of plagioclase 
and augite but only one of olivine. Biotite was 
observed in about 25 percent of the dikes . 

Nineteen dikes are intruded into gabbroic m=ta­
anorthosi te in these road cuts. Their thicknesses 
range from 1 em to 7 rn. Sorre contain xenoliths and 
blocky plagioclase xenocrysts derived from 
incorporated host rock. '!he dikes are chilled at both 
their margins and along their contacts with xenoliths. 

'!he distribution, di.Irensions, orientations, and 
classification of all dikes thicker than 40 em is 
shown in Fig. 10. Dike identifications are based on 
field examination, including staining for K-feldspar , 
and then corroborated by thin section study. Numerous 
geochemical analyses were made in order to evaluate 
possible plate tectonic settings of the intrusions, as 
was discussed under Geochemistry. 

The dominant dike type at Rand Hill is olivine 
diabase. Typically, altered olivine phenocrysts are 
concentrated in the central part of the dike by flow 
differentiation. The phenocrysts are altered to 
blackish serpentine clots (check hardness) . The 
selective "Weathering of these clots accounts for the 
characteristic pitted surface. Although the olivines, 
with a specific gravity of 3.3 are concentrated in the 
centers of the dike by flow differentiation, the less 
dense plagioclase phenocrysts with a specific gravity 
of 2. 7 are not; in fact they are generally 
concentrated in the finer grained border zorns. 

A 2. 4 rn ~dde trachyte porphyry dike with f low­
aligned laths of Carlsbad-twinned plagioclase and K­
feldspar is exposed near the southern end of the 

235 



0.1 12 . 1 

roadcut (sample numbers 6182-6188). It is typical of 
this group, although the color of these dikes vary: 
they may be either red, greenish, or gray to black. 
Cushing (1901) identified 19 trachyte porphyry dikes 
at Rand Hill and st.mn1arized their petrography. The 
essential minerals are microperthi te and biotite, and 
accesso:ry minerals are magnetite or specular hematite, 
hornblende, quartz, albite, orthoclase, microcline, 
apatite, and sphene; secondary minerals are chlorite, 
calcite, sericite, epidote,and hematite. 
Microperthite and biotite or chlorite are the only two 
minerals found in a ll dikes examined. Staining here 
slx:Ms that both K-feldspar and plagioclase laths are 
up to 1 em long but vary in size and abundance. Total 
feldspar makes up about 55 percent of the rock, 
cholorite-altered biotite about 40 percent, and opaque 
minerals plus apatite needles the remainder. Note 
small blocky xenocrysts(?) of gray plagioclase and 
incorporated angular fragments of mafic dike rock. As 
discussed under GeochronolCXJY and Geochemistry, the 
diabase and trachyte dikes at Rand Hill are coeval, 
and presumably derived fran a ccrcm:m magna sarrce. 

'Ihe northern contact of this dike is faulted, as 
indicated by shearing of the dike (probably 
cataclasis) and the introduction of anastamosing, 
hematite-stained calcite veins. 

A srrall xenolith(?) of coarse-grained diabase or 
fine-grained gabbro (sample site 6194) adjoins the 7 
m-wide olivine diabase dike at its southern margin 
(Fig. 10). The xenolith(?) is crosscut by a thin 
diabase dike that is chilled against it. 

Relict ophitic texture is visible in the xenolith(?) 
although the rock is pervasively stained by oxides. 
It contains about 50 percent subhedral plagioclase and 
20 percent relict orthopyroxene, rrost of it altered to 
serpentine and chlorite. Its similar composition 
(Table 1) suggests that it may be a cognate inclusion 
(autolith) brought up fran a deeper level in the sane 
magma system. 

S'Ia? 2B. RAND HILL DIKE SWARM 

Tum left ('west onto Murtaugh Hill Rd. and park. Walk 
across the road onto open hillocks that expose at 
least 100 mafic dikes in gabbroic anorthosite gneiss 
(Fig. 11). This locality, at the eastern foot of Rarrl 
Hill, is by far the best exposed ma.fic 'dike swann in 
the Adirondacks. Dikes are intermittently exposed for 
l engths in excess of 150 m. Their thicknesses range 
up to at least 5 m. Ra:rrble westward, in a zig-zag 
course across the dike swarm to the end of the 
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exp:>sure area about 3 50 m to the -west. Exposures 
extend beyond the map area to the south and west. 

Dikes here have three trends (Fig. 11), all cross­
cutting the N30E strike of foliation in the host rock. 
The large irregular EW dikes bear alkali feldspar as 
shown by Kf staining. 'Ihey are the 11 syenite porphycy 
dikes" of Cushing (1898) • 'n:e N60-70E dikes are 
prophyri tic olivine diabase dikes that shCM clear 
evidence of flow differentiation. Olivine phenocrysts 
that fonred at depth have been concentrated in the 
centers of the rising magma by flow. 'Ihe oli vines are 
generally highly to canpletely altered, and weather . 
out to produce the characteristic pitted surface. A 
N40E set is sparsely represented. 

Note these interesting features of dikes during your 
ramble, and recall that basaltic dikes are emplaced 
almost instantaneously, the average velocity of 
propagation being 0.4-0.5 m/sec (Delaney and Pollard, 
1982): 

1) Chill borders against host rock. 
2) Dikes may be straight, stepped, segrrented. 
3) Joints within the dikes do not penetrate the host 
rock: cooling cracks? canpression features? 
4) Dike walls may be even, irregular, cusped, and may 
have hom-like extensions or irregular apophyses . 
5) Dike terminations may be tapered, blunt, rourrled 
or irregular, and may have narrav extensions or 
II squirts II • 
6) Some dikes are corrp::>si tes of two sheeted dikes. 
The boundary between such dike pairs is a thin line of 
preferential erosion between the two adjacent chill 
oorders. In at least one locality southwest of the 
ma-pped area, a sheeted dike pair bifurcates along 
strike around a slabbed inclusion of wall rock. 
7) Relative age and direction of opening can be 
determined by a-nalysis of dike intersections. These 
and en echelon configurations can also permit 
reconstruction of stress axes during enplaceroont. En 
echelon dikes indicate a reorientation of principal 
stress trajectories at the fingered propagation front 
of intrus i ve sheets (e.g. Delaney and Pollard, 1981). 
8) Dike-parall el joints generally are absent in the 
rost r ock. This suggests that emplacement was not 
along pre-existing fractures but along an opening 
created and propagated by magma pressure in advance of 
the dike tip, in a plane perpendicular to the least 
compressive stress axis. 
9) Concentration of olivine phenoc.rysts toward the 
center by flow differentiation. 
10) Concentration of plagioclase phenoc.rysts near the 
margins r ather than in the center. 
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0.5 22.5 

1.8 24.3 

1.45 25.75 

0.85 26.6 

11) Flow-aligned plagioclase laths indicate direction 
of magma propogation. 
12) The arrount of extensional strain produced by 
intrusion was significant in this swann, reaching a 
magnitude of 18.8 percent north of Station c. A 
number of the dikes measured in this section could not 
be shown on the map of Fig. 11 because of its small 
scale. 

Return southward on Rt. 190 to Rt. 374. 

Turn left (east) on Rt. 374. 

Intersection with NY Rt. 22 and Quarry Road; continue 
through intersection towards I-87. 

Enter northbound entrance of (I-87), second right. 

Turn right on NY 314 and continue straight through 
traffic light at NY Rt. 9 intersection. 

Turn left at intersection between store on left and 
firehouse on right. 

Turn left into private road. 

S'IDP 3. CAMP'IXNITE DIKE 

NO HAMMERS; cameras instead. Xenolith-filled augite 
canptonite dike, Martin Bay. Private property; 
permission required of landowner. 

The dike makes a low garden wall that strikes N80W. 
It is 0. 5 m thick, and exposed over a length of 7m. 

The place to concentrate on, however, is along the 
shore, where an isolated block of dike rock, 70 em 
thick, has weathered out of its host rock, the 
Cumberland Head Argillite (Middle Ordovician). Note 
the parallel dike walls bordering the 10 em-thick 
fine-grained chill margins. Note also the striking 
nurrber of xenoliths concentrated in the 50 em-thick 
central part of the dike by flow differentiation. 
These subangular to round xenoliths constitute about 
50 percent of the dike, and appear negascopically to 
have sharp boundaries with the dike material. They 
range in diarreter from 1 rran to 9 em, IroSt exceeding 2 
em. Lithologies include pyroxene syenite gneiss, 
gabbroic rnetanorthosite, metagabbro, and trachyte, as 
well as one ultramafic xenolith and a round xenocryst 
of hornblende. Note the slight flow aligrnrent of 
elongate xenoliths. 

In crushed grains and thin sections D.H. Newland (in 
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Hudson and Cushing, 1931) found that the syenitic 
inclusions contain microcline, microperthite, much­
altered greenish pyrcocene, am iron-stained grains 
that may be rornblende, biotite or both, along with 
small arrounts of quartz, and occasional garnet 
crystals. 'lhe dike material is a fine-grained 
holocrystalline larrprophyre with phenocrysts of 
clinopyroxene and olivine in a felted groundmass of 
plagioclase, augite and opaque oxides. Staining 
indicates about 20% K-feldspar in the groundmass. 

The xenoliths are typical of Adirondack rock types, 
so their source along the path of intrusion is easy to 
visualize. What is nnusual is the fact that 1) arrong 
the 25 0 lamprophyre and trachyte dikes in the Lake 
Champlain area of New York and Venront (McHone and 
Corneille, 1980) such xenoliths are extremely rare, 
and 2) the xenoliths are so remarkably rounded. Does 
the abnndance in this one dike suggest that the magma 
advanced through a brecciated and fragrrented fault 
zone? through a basal Paleozoic conglomerate? If the 
latter, the xenoliths are considerably larger than the 
pebbles in the rare exposures of basal Potsdam in the 
eastern Adirondack region. If the former, was the 
rounding produced by mechanical abrasion of 
incorporated breccia? by reel t abrasion or partial 
resorption? 

This particular dike gives a K/Ar date of 131+5 Ma 
(Greg McHone, written camn., 2-19-85) which falls in 
the age range of the NY -Vt. lamprophyres and 
corresponds to the oldest ages of the Monteregian 
Hills intrusions of Quebec (McHone and Corneille, 
1980). 

A similar xenolith-laden dike is well exposed 
farther south, in Indian Bay, Willsboro Point. It is 
an augite camptonite dike, rrore than 2 m thick, 
intruding Canajoharie Shale (Middle Ordovician) . It 
is pictured and described by Buddington and Whitcanb 
(1941). McHone (written canm., 2-19-85) reports a 
K/Ar age of 119+5 for this dike. 

The narrCM range of strike of the lamprophyre and 
trachyte dikes, in the Lake Champlain valley, as well 
as the consistency of Cretaceous ages, suggest that 
they are a cogenetic suite, perhaps a mafic-felsic 
pair forrred by an imniscible liquid mechanism fran 
mantle-derived camptonitic magma (McHone and 
Corneille, 1980) • 

Return to Rt. 9. Turn left to Plattsburgh, or 
straight ahead to enter the Northway (I-87). 
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