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ABSTRACT

Lead~-uranium dating was perfcrmed on sedimentary zircons from Triassic and
Paleozoic samples collected in the Moroccan lMeseta., Three methods for the process
of dissolution and loading wvere used.

The standard bomb method, requiring the use of ion exchange colunns yielded
fwo valid data points, which, when plotted on a Pb-U concordia diagram, show
an age of formation of approxiﬁétely 1560 mya. lMost of the sanmples
processed by the standard bomb uethod, however, were contaminated by the
ion exchange columnse.

Minibombs were constructed which which could dissolve swall amounts of
zircon and did not require the use of ion exchange col&mns.. In the first:
minibomb technique, small numbers of zircons were dissolved. The resulting
solution was diluted with 3.1N. HCL and aliquoted into lead-spiked and lead-
unsﬁiked portions, It was found that the dilution added too much contamiration

for the small amount of zircon used.



ene
In the second ninibomb technique, a splked sample and an unspiked sanple,
each contairing one zircon,.were dissolved in separate bombs, thus eliminating
the need for dilution, Comparison of the lead ratios obtained by this
method and those previously measured using the standard Lomb procedurs

wvere similar. Therefore, the second minibomb technique may be useful.

Thesis Supervisor: Patrick i, Hurley

Title: Professor of Geology and Gecchemistry
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Figure 1, Map of lorocco, (Outline from The Iimeg Atlas of fhe ¥ , Jo
' Bartholomew, ed., 1956, plate 88,
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"I, Qutline of the Geology of Morocco

Four separéte regions in Morocco can be defined in terms of their different
histories: the Anti'Atlas, the Meseta, the Atlas Mountains, and the Rif,
The Atlas Mountains provide the boundary between the Precambrian exposures
of the Anti Atlas and the Paleozoic exposures of the Meseta, The Ri?f
involves purely Tertiary activity.

The Atlas Mountains did’nct begin to form until the middle of the Jurassic,
at which time, there was only a modest amount of uplift. The sharp terrain
of o§erturned anticlines and flysch did not begin to take shape until
early Cretateous time., This activity continue& through the Cligocene and
Miocene when compressive forces folded tﬁe sediments and then overturned
the folds.

As a barrier between the Meseta and the Anti Atlas, the Atlas Mountains
have really been effective only since the Cretaceous, The height of these
mountains has made thém thg source for the younger sediments in the Meseta
and those in the low arcas of the Anti Atlas from Cretuceous or Tertiary
times through the present, Thus, the effect of the Atlas Mountains on
the adjacent Meseta has lasted only since the start of the Teriary.

A3 the samples used in this study represent Paleozoic and Triassic
sedimentary rocks from the Meseta, 1t is important to reconstruct the
history of Morocco prior to the Jurassic period., The Anti Atlas block
is an Eburnian(1800 my) igneous-metamorphic térrain, probably abutting
the Reguibat massif of northwest Africa until late in the Precambfian whon
a Pan=African event pulled it apart from the West African craton., This
event has been dated at between 650 my and 570 my. The ?an-African orogeny

involved massive rhyolitic and andesitic volcanism and granitic plutonism



along the edge of_the Antl Atlas. The effect of fhis event was to reset the
ages in much of the bounding region,

| The Meseta, now separated from the Anti Atlas by the Atlas Mountains,

is a very different landform, Mainly serving as a basin to receive sedi-
ments from whatever sources existed on the continent, it has been measured

' to be 5 km, deep. This depthe was measured from the earliest known Paleozoic
sediments.1 Geologists have had difficulty tracing the strata produced in
the Meseta because of the persistent faulting that has taken place throughout
its history.

Outcrops of Paleozoic granites are evident throughout the Meseta., One
such outcrop, the Tichka Massif, gives evidence of three separate igneous
rocks emplaced at about the same time'.2 The granite is surrounded by quartz
diorite and mafic diorite. Because of the pod-like shape of these outcrops,
they are thought to be diapirs or large plﬁtons. Indeed, gravity surveys
have shown thgt the material extends'underground‘far from the outerops and
is fairly shallow.3 Near the Atlantic coastline, the Paleozoic beds exhibit
tight southeast-dipping fods.

It is believed by some investigators“

that, during the early Paleozoic,

the small Proto Atlantic Ocean began to close causing underthrusting of

the Meseta., It was closed by mid to late Paleozoic time, but marine sedimentary
rocks show that it was open again later in the Paleozoicsaat least on a

enall scale along parts of the African coast, |

The subduction of the Atlantic lithospheric plate underthrusting the Meseta

may have caused many of the structural features visible today. The tight

1. P.M, Hurley, et al,, "a Plate Tecetonics Origin for Late Precambrian-
Paleozoic Belt in Morocco," Geolcoev(Jduly 1974), 343,

2e Tene VozZel and 3.l ﬂalker, “*The Lichka Yasslf, Morocco..," Lithozs, 8
(1975), 31.

3. W,H. Kanes, et al,, "Moroccan Crustal Response to Contlnental Drift,"

Science, 180(1973), 951,

4, P,E, Schenk, "Southeastern Canada, Northeastern Africa, and Continental
Drift," Can, Jdournal of Earth Sciensze(1971), .

S5e L. de Loczy, "Synchronous Diastrophic Events...," in Amer, Assoc, of
Petroleum Geol, Memoir 23, C,F. Kahle, ed.,253.



folds near the coast are thought to be a drag response to the subduction,
Granite plutons of Paleozoic age dotting the Meseta are comparable to those
in other subduction zones., Final collision probably occurred in the Hercynian,
Toward the end of the Triassic, the current Atlantic Ocean began to open
as North America and Africa pulled apart. The tengion in the Moroccan crust
is evidenced by the large horsts and grabens formed in the late Triassic
' and early Jurassic terrain. During the Jurassic, this faulting ceased as
new crust was being added between the shores of Horth Americé and }brocco.G
The horsts and grabens formed arse parallel to the Atlantic coast of Morocco
indicating the basic direction in which the spreading tock place., The
spreading direction is approximately parallel to the direction of under-
thrusting d;;ing the Paleozoic, ﬁowever, it 15 not certain that the leccation
of the separation line between North America and Morocco corresponds with the
suture that resulted from the clesing of the Proto Atlantice,
Subsequent uplift cf these filled Jurassic basins occurred in Alpine
times so that they now constitute part of the structure and stratigrarghy

of the High Atlas Mountains,

6. W,H, Kanes, et al., op. git., p. 952,



II, Experimental Objectives

Six sand and sandstone samples collected from the Meseta were processed
in order to provide geologically interesting material for the microchemical
techniqués to he examined in'this thesis., The objective was to carry out
lead=-uranium dating on the zircons they contained. These samples came fronm
late Paleozoic and early Triassic formations,

Tirstly, it was important to determine the source of the sediments filling
the liseceta hasin, Several nosszible sources of zireons aéjst within the
bound;ries of oroceo, Cne lilkely candidate ig the Pan=lifriczan woleanic
raterial separateing the Anti Atlas gtable block from the Meseta, ;nother
source right be the paleozoic plutonie exposures widsly visible on the
Meseta, Lastlyin Morocco ars the Anti Atlas chains, The Atlas Mountains
. and the orogeny acsociated with the Rif came later and would not have
influenced these sediments,

Cne thecry, though, is that the Meseta was not originally part of Morocco,
As the nature of the South Atlas Fault is in Question, it has been suggested
that the Meseta was transported along this strike-slip fault to its present
location., There exists the possibility, then, that many of the Palgozoic
sediments of the Meseta have their scurce on the other side of the Atlantic,

Dating thé Noroccan zircons can give two important pieces of information,
Of basic importance is the guesticn of the historical position of the
Méseta. The ages of the zircons will show whether their sources can
be explained to be in loroccec or whethér they must be somewhere else,

If the age $f the sedinentary zircons does does correspond with that of
one of the izneous formations or if it falls somewhere in between the ages
of the igneous formations of Morocco, we can deduce which 1andforms had

positive expression through the early Triassic.



Another purpose of this work is to initiate a series of experiments to
determine the bbundaries of the various tecténic activities that have
- affected Morocco., The Proto Atlantic closed forming a suture line at the
edge of the Meseta., In the lMesozoic, The Atlantic opened along a line
somewhat parallel to the suture but possibly not_exactly the same line,
The possibility exists that either part of the North American,coﬁtinent
is now attached to Morocco or that part of Morocco is attached to North
America, There is very little evidence of a suture in the present-day
Meseta, It is therefore npossible that the suture exists somewhere on the
North American continent., Collecting saﬁples from the Paleozoic formations - ..
along the east coast of North America would allow a study of the zircons
found in tggm. A zircon age similar to that 0f the Meseta zircon age
would be convincing evidence that part of the Pre-Atlantic Meseta is now
.part of North America, Rubidhm—strontium age studies of the ignsous rocks
of the easﬁefn United States_seabqard yield ages of 600:my to 250 my? The
only areas in North America which have ages comparable tb that of the
Eburnian orogeny as in the Anti Atlas are found along the Crenville front
A~and in the ¢hurch111 province of Canada, Thus, if the Meseta zircons are
derived from the tfpical West Afrdcan craton, they should be very distinctive
in North America, |
The Moroccan Meseta is quite small relative to North America, however,
It is important to know where to look for Moroccan zircons. It has been
proposed that the South Atlas Fauli system is the eastern end of a transfbrm
fault that cuts across the Mid-Atlantic Ridge.8 Below the latitude of
the South Atlas Fault, the ridge is shifted slightly to the east, It has
been noted that the Canary Islands, just off the coast of Morocco, may have

gome material on the easterhmost island which resembles Moroccan Jurassic

7. P.M. Hurley, personal communication,
8. W.C, Pitman and M, Talwani, "Sca=Floor Spreading in the North Atlantic"

Geol. Soc. Amerjca Bull., 83(1972), 635.



9 There is also evidence of folding and volcanism on the Canaries’

sediment,
that resemble the Miocene activity of the South Atlas Fault, Therefore,

it seems likely that the Canary Islands fall along the South Atlas Fault
line and are part of the lMoroccan Meseta, The line that connects the

South Atias Fault with the Canary Islands and the offset in the Mid-Atlantic
Ridge should intersect the Ferth American continent in an area most likely
to have Moroccan sediments, There is come question as to where the inter-
section is, Some have proposed that the New England séamounts are the

. It is possidble, though, that

westernmost eipression of of this fault,
the fault extends farther south., In either case, it would be most likely
to fing loroccan sedimentary rocks in the New England area,

Therefore, the two geologic purposes of this work are to find the source
of the Meseta sediments and to lay the groundwork foi further tectonic
reconstructieﬁ through the age—dating of detrital zirconé.

In datiné the loroccan zircons, several techniques were used. The experimental
objective of this wo:k was to develop the microtechnique of age-dating aftef
first using the siandard procedure and equipment., Development of the micro-
technique first inﬁolved reproducing data alréady obtained using the standard
nethod,. “After the initial testing of the mierotechnique using minibombs‘
constructed by the MIT geology rachine shop, the plan was o0 uze these
minibombs to find the ages of single zircon grains found in the larger

mixed suites. In this way, it would be possible to more accurately determine

the sources which contributed to the Paleozoic and Triassic zircons,

9. M’ Pe 634
10, Ibida., Ppe 634,



Sample Descriptions

The samples used in this study were collected in the northern part of the
Moroccan Meseta and in the Casablanca area by John Lorenz and Guy Padgett of the
University of South Carolina, The sample descriptions are as follows:
8530~ Lower Carboniferous graded fluxoturbidite
8532~ Basal Triassic red sandstone
8533~ Triascsic red sandstone
8534~ Basal Triassic red s;ndstone and shale
8535~ Triassic red sandstone and shale

8536~ Dark heavy beach cand from Cmer Rbia, 60 km, south of Casablanca



Figure 2, Map of the northwestern Meseta including the sample locations of

numbers 8530, 8532, 8533, 8534, and 8535,
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III, Standard Bomb Procedure

.~ Preparation of the samples for mass spectfometry involved two processes:
the physical separation an@ cleaning of the zircons and the chemlcal separation
of the various components of the zircons, For the first process, no cencern
was taken for the introduction of chemical impurities from the air or the
equipnent used, It was assumed that the later cleaning would remove an&
recently added lead or uranium, In the secondiprocess, however, great care
was taken to avoid lead contamination,

As five of the six samples used were sandstones, tﬁey had to be disagscre-
gated first, The other sample was a beach sand and conld be used in original
form, The diszgsgregated material was then put through a stack of sieves
of the following mesh sizeet: 50, 270, and 325, The material larger than
50 mesh was set aside to be reground if needsd, All of the zircons found
ﬁave been much smaller than this material, The powder less than 325 mesh
was alse set aside, Althoungh this material vas often found to contain
a2 high proportion of zircons, it was difficult to work with and was used
only as a last resort., The grains between 50 and 325 mesh continued through
the process,

In order to separate the zircons of speeific gravity 4.68 from the other
rinerals of specific gravity 2 to 3 in the sample, a heavy liguvid separation
using acetylene tetrabromide of syecific gravity 2.955 was performed, The
light fraction, rostly quartz and feldespar, was discarded, and the heavy
fraction cleaned several times in acctone,

Those samples which had come fronm sandstones wers heavily coated with
oxidized iron., They were cleaned by teing heate& in 6N HCL under a heat
lamp until all the iron was dissloved. Water and acetone were used to
clean out the AC1,

At this point, the remaining grains were put through a second heavy liquid

e R S ST ——— e
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separation of methylene iodide, whose specific gravity is 3.3. This liquid
floated some of the minerals that remained from the previous separation
but sank the zircons and a few other mincrals, One of the minerals that
sank along wifh thg zircons was magnetite, After the heavy separate was
removed and cleaned with acetone, the magnetite was removed with a hénd
magnet.

The next separation waé performed with a Franz magnetic separater, Zircon
is one<of the least magnetic minerals in the sample., lagnetic separaticns
were made with the ragnet current set at 1,54mps, the pitch at 10°, and
the yaw set at 15°, 10°, 5°, 2°, and finally at 1°, Of the grains that .
were nonmagnetic at the 29$e§ting, usually at ;east 30%’were zircons and
often ac ma;y as 90% were., The further division at a1° setting was made
to obtain two usable fractions of zircons, |

These two fractions were then washed.in warm, high-purity 70 HNO3 for

. two 15~-minute periods. They were then washed in 4L* water for two more
15-minute periods. This cleaning was supposed to remove any lead or uranium
that had become attached to the surfaces of the grains throuéh exposure to
impure air orvmetal.

Immediately after cleaning, the grains were dried under a heat lamp and
put through another stack of very clean sieves, The mesh sizes used were
150, 250, and 325, This way, both the magnetic fraction and the nonmagnetié
fractions ecould be further subdivided into three size fractions apiece.

It was hoped that the results of several size fractions could be plotted
on a lead-uranium concordia graph to form a well-substantiated line,

The chemical process of dissolution followed, The procédures used were

basgically those of Krogh." A small amount of pure zircon, usually weighing

11. T.E. Krogh, "A Low~contamination Method for Hydrothermal Decomposition
of Zircon and Extraction of U and Pb for Isotopic Age Determination,”
Ceochirica et Cosmechimica Acka, 37(1973).
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between 1 and 10 mg., was selected by hand picking with a paintbrush and
discarding the nonzircon grains from the sample. The zircons were placed
in the teflon capsule of the bomb used, Approximately 2 ml., of concentrated

ultrapure HF and a few drops of ENO3 were added to the zircons, The assembled

bomb was heated in a 205°c oven fcor a week, .

After the bomb had cooled, the liquid in the capsule was evaporated,.
and a large drop of 0?35 spike was placed in the capsule and weighed,
Approxirately 2 ml, of 3.1N HCL were added to the capsule, and the bomb
was placed in the oven overnight.

When the bomb had coocled again, the liquid was aliguoted into two small
8

bealters, and a weignt of Pbao spike was added to cre aliquot, The two
portions were then put through ion exchange columns whose purpose was to
separate the lead and uranium ions from each other and from all the other

ions present., Pure camples of lead and uranium were obtained, and the

recovery rate for these two elements was estirated tc be 98%,
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Column Procedure

The column apparatus was partially enclosed by plastic shields, and a
steady flow of filtered air was pumped into the enclosure and allowed to
escape through an opening in the front, This rrocess created 2 clean,
dust-free environment fof the columns,

In - the use of the iOn'exchangevcoiumns;’it*was first necessary to remove
any used resin from the'columns. Approximately one column length of 6.28
HCl was poured into the empty column and allowed to drip through the frit
in order to remove any lead that remained in the column, When that had
drippeﬁfthrough into the pldstic container beneath, a column lehgth of 4*
water was was poured in and allowed to drip through to remove the uranium,

Next, the resin, Dowex 1x8 200-400 mesh, was added,. The resin was kept
in a slurry in 4* water, and enough of this slurry was added to provide
a 3/4"‘coiumn of resin when the excess water had dripped out. - In order to
clean the resin, one column length of 6.2N HCl was added and allowed to drip
through, An equal amount of 4% water was then added. A conditioning step
was performed at this point. One column length of 3,1N HCl was added., The
columns were then ready for the sample,

The spiked and unspiked aliquots were added to‘separate columns, After
the acid had dripped through, the zirconium was eluted with one column length
of }.IN HCl, A1l the liquid:.that had been collected from the columns up
tovthat point was discarded, and the teflon beakers used 1in the aliquoting
©  process were placed under the columns in order to collect the lead fractions,

The lead was eluted with a colunn length cf 6,23 HCl, It was then allowed
to evaporate under a heat lamp in a laminar flow cof air, During the evagor-

ation, the bealters were placed on a sloping surface with their spout sides
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low, This way, the final deposit of lead can be located,

4s the uranium spike had been added before the aliquots were made, the
uranium solution was eluted from both the lead spiked and the lead unspilked
columns, This was accompliched hy pouring a column lengthof 4¥ water throurh
each column, The uranium was ccllected in‘a small teflon beaker and evapor-

ated in the nanner described above.
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Sample Loading

+»To prepare the sample for mass spectrometry, two or three drops of 0,75
H3P04 were pipetted into the beakers of the evaporated lead and uraniun,
The beakers were heated under_a heat lamp to equilibrate the s=solution,

The spiked and unspiked portions of lead were loaded onto separate Re
-filaments which had previously been cleaned by being heated with an electric
current cof LAmpsin a vacuun charher, This process of heating was a pre-~
cautionary nmeasure to prevent material of ary sort that might sticlk to the
filament from contaminating the load,

A large drop of silica gel scluticn was pipetted onto the filament and
allowed to dry under the heat lamp, Generally, a second drop was then
pipetted onto the filament and allowed to dry., In a similar manner, two
or three drops of the 1ead-HsPOq sclufion were pipetted onto the silica
éel and allowed to dry. The final product looked like a lumpy, transparent
glass, >The filament was then subjected to a slowly increasing current of
between O and 2,5 Amps, The lead oxidized, and the excess H3P°4 was driven
off as a gas, Uthen the flow of gas diminished, the filament was ready to
be loaded into the mass spectrometer, The appearance of the load was usually
 ashy black.: -

The uranium loading process Wwas slightly different, The filament used
did not need to go through the process of heating and evacuation because
there was virtually no uranium contamination in the air. One drop of Ta205
solution was pipetted onto the filament and allowed to dry under the heat
lamp, Then, two drops of ihe uran%um—EBPﬂﬁzsolution were pipetted oato
the filament and allowed to dry. The filarent was then subjected to a

2,5 Amp current, and the substance on the filament turned from a thin,

beige coating to a shiny black one,
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The plipettes used during this proceéure were glass, One pipette was
designated for each sevarate process, and the pipettes were rinséd thoroughly
with 4* water before and after each use. Vhen not in use, the pipettes
were kept well wrapped in plastic, The beakers used to collect the samples
had been rinsed in 1:1 HCL and water, scaked in a detergent bath for several
days, rinsed in 2* water, and then soaked in hot 1:1 HNQS for 30 minutes,

- After being rinsed in !*‘water, they were left to drip dry between two

layers of tissue, Clean beakers were kept in a sealed pléstic box,
Equipment Needed for Column Procedure and Loading

5" long sections of Teflon FEP tubing with the lower 13" shrunk to hold a
porous polyethylene disc

Dowex 1x8 200-400 mesh, chloride form in slurry with 4* water

Ultrapure 6,28 HCL

Ultrapure 3,14 HCL

5 ml. teflon beakers(for uranium)

3 ml, teflon beakers(for lead)

30 ml, plastic beakers(waste liquid from éolumns)

Ultrapure 0,75N HBPO#

Ultrapure silica gel

3 glass pipettes A

Syringe

Héai lamp in laminar flow of air
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Contamination

It was found from mass spectrometry that a large amount of lead contamination
had entered most of the samples, The contaminzation level varied fronm sample
to sample to sample and sometines between the two aliquots of the same
sample, This variation in contamination eliminated the possibility that
the problem was in the laboratory air, incomplete cleaning of the bombs,
or bad loading procedura,

The most likely source of the contamination was in the ion exchange ¢olumns,
Although the prescribed cleaning procedures were used, the colurms dripped
more and more slowly with tirme, indicating that the frit was being gradually
clogged, The columns were being used by severai‘peﬁple and were used for
separating lead and uranium from whele rock samples as well as zircon samples.
It was likely that the lezad contamination was caused by whole rock compounds
that did not respond to the ¢leaning procedure,

In the future, separate sets of columns should be used for whole rock
lead work and zircon work, A4lso, the columns should be cleaned regularly
with HF to insure that 21l the lead is cleaned out and one sect of resulis
does not perpetuate itself with each use of the columns, The HF cleaning;
while a strong measure, should be carried out after four or five uses of

the columns,
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Calculations

In order to use results from runs in which the two aliquots had been
contaminated by different amounts, a set of calculations was developed
to reduce the lead isotope ratics of the more contaminated aligquot to those

of the less contaminatszd aliguot,

Subseripts used: A= unspiled aliguot
Bz spiked aliquet
C= contardnated
L= less contaminated
Heasurements needed to solve for age:m(Pb /“b ) .
20 AL 206
(25227 /32 08y o = (2o07/pp208)
(pp2C6 a)“L 206, 20,7
’ /) g = Oy
20 0 ”
(2u20%/pp2%6)
BL
.Hypothetical set of measurements obtainad from mass spectronstry{ ecguaticons
may be selved for reversed situztiond: (8/6),, (8/67 .,
Py +» Dig
(7/6) (7/6),
(6/1),, (6/1)g
Need to solve for: (8/6)AL
4 ped 2
Method: Using known ratio. of szo*‘Pb 06 .”b 208 found in northwest

Atlantic contamination, find the number of moles of contaminant

subtracted from the contaminated aligquot to vield the ratios of

. . . 207 206 204 200
the uncontaminated aliquot. Descouse b V2% and b /P
204 el

should be virtually uhchanged inthe two al quots(Pb“O?+Pb“°+Pb“04

malze up less than 2% of the lead in the spile), either or both

ratios way be used in the following procedure,

1. Iind the anmcunt of cach iczotope of Ib in Adiquot 4 asswaing for simplicity
one mole of total Pb present,
"\r‘.
(Pb‘°8)AC;=(9/A) i
P$Y
nole (8/6)y = (2760, ,+k/56),  +(5/6),
&0 AC aC
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Results

. Two valid data points were obtained from the procedure described above.

The numerical values given by the two samples are surrarized in the following

table.
208 20 20 20 20 207

Sample Py en M ?/gm Ph 6/3:1 Pno 6 S Y
ﬁzg ~Zo e
T yeim F, AT

853451 1735 ' 11.59 128,18 1528 20051 1ho0my

85361 16.00 12.27 145,64 12530 1.5L43 iy

-250

¢

The plot of these points on the lead-uranium concordia diagram allows a cord to
be drawn, This cord intercects the curve at an age of 1560 nmy,

. 20", 206
This intercept aze an d the P spm

than the corresponding ages obtained from beach sands in the Horth African countries
. 20 206
east of Morocco, The FPb ?/Pb ages of these sands fall between 1635 ny

and 1967 my, and their upper intercept is at 1735 my.12 | .

12, H., Gaudette, personal communication,



Figure 3.

1,207 /235

. . , ‘s 204 ,.2
Uranium=lead conceordia diagram showing the positions of the Pb= Y/ 38«

values for samplesn 8534 and 85326. The cord intersects

the curve at aypproximately 1580 my, It iz, therefore, assumed that
Fr ’

this is the age of formation of the zircons,
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Iv., The Minitomb

Because of'the contanmination problem encountered using the standard bomb
procedure, é new method was needed in which the ion exchange columns were
not gsed. As success had been achieved at the Institut du Physique du
GlobéBQSing ninibombs for the dissolution of single zircons without
using any column work, we decided to try this method in the dating of the
Moroccan zircons,

The mirnibomdb is made up of several parts, 4 teflon capsule held by a
thin teflon sleeve holds the zircon grain and dissolving acid. Lateral
pressﬁre on the capsule is exerted by a monel ¢ylinder slightly taller
than the cgpsule. Pressure is exerted on the top of the capsule by a
monel disc which has the same diameter as the capsule and fits inside the
cylinder on top of the capsule. The"top of the disc is raised above the
top of the cylinder, On top of this disc is placed a larger disc with
a spring on it., This larger disc exerts pressure directly on the smaller
disc in order to keep the capsule shut, The whole assemblage is enclosed
in a monel c¢azing with'a screw-on lid., This lid must be screwed very
tightly to put'pressure on the spring, which in turn puté pressure on the

larger disc.

13. J. Lancelot, 4. Vitrac, and C.J, Allegre, "Uranium and Lead Isotopic
Dating with Grain by Crain Analysis: 4 Study of ‘Complex Geological History
with a Single Rock,"” Earih and Flanakary Sclence Lekters, 29(1975),



Figure 4,

v

The top{above) and bottom(below) of the outer casing of the
minibonmb, The drawings are in cross-section, and the thread
pattern 1s printed on the bottom piece, A1l dimensions are

in inches,
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Figure 5, Cross*seétionStof minibomb.parts, from upper to lower: 1, The large
pressure disc containing the well which houses the spring.
2. The small pressure disc, which fits inside the inner cylinder.
3, The inner cylinder,
4. The rottom picce made of two concentric discs, This piece
fits into the bottom of the outer casing and supports the inner
cylinder and the éapsule.

Dimensions in inches,
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Figure 6. Cross-sections of the'parts:of the teflon capsule, from upper
to lower: 1, Lid of the capsule,
2, Base of the capsule,

3, Sleeve which fits over the assembled capsule,
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First Minibomb Technique

The new teflon capsules and sleeves were cleaned in the same way fhat
ali the.other teflon and glassware were, They were rinsed in a 1:1 mixture
of reagent grade HCl and tap water. 'Next, they were soaked in a detergent
solution for 3 days. After being rinsed with 2* water, they were soaked
in a near boiling 1:1 solution of reagent grade HN05 and tap water, The
Pieces were left to dry between 2 layers of tissue. The bombs were then
cleaned by loading the capsule with 2 drops of ultrapure HF and leaving
the assembled bombs in a 20500 oven overnight, The procedure was repeated
with fresh acid for a second night,

Between uses, the bomhs were cleaned by soaking all the parts except
for the spring in a weak solution of ENOB and tap water.for 2 hours. They
were then ;insed and left to dry in the open air, The spring was quickly
corroded if put in the acid solution, so it was clocaned by rinsing with
tap vater. The bomb was then assembled and given the same doﬁble overnight
cieaning.described above,

In loading the bomb, a plasticpipette was used for the HF, Evéery pipette
was used only once and then discarded, Two'drops of HF were added.to. the 2 or 3
zircons in the caps&le, and the bomb was placed in the oven for a period
of between 16 and 24 hours, A teflon beaker was labeled and weighed, and
the contents of the capsule were placed in the beaker, After covering the
beaker and placing it in a well-wrapped box, we put 2 drops of ultrapure
11,28 HCLl inteo the capsule and put the bomb back in the oven for a period
of from 8 to 16 hours, In this way, most of the lead from the zircons
could be extracted from the dissolution capsule, The HCl was deposited

in the same beaker,after the bomb had cooled, The contents of the beaker

were evaporated to dryness during the first trials according to the procedure



of Lancelot et al.’h,

For the purpose of spiking such small amounts of solution, both the
lead and uranium spikes were diluted in 3,.1N HCl, Good values for the
11238/U235 ratio were obtained using é'UZBS splke cbncentration of 7x10-10
moles U 3S/mZ!. The concentragion of the'PbaQ§spike used was 1.6x10-9
moles szo /ml, ‘

After the sample had evapo}ated, one drop of the dilute U235 spike was
weighed intco the beaker, At this point,.more 2,18 HCL was added to increase
tqo volume of liquﬁd in the heaker to ap roximately 1 ml, After being
allowed to equilibrate for a few minutes, the loution was aliquotéd, and
one drop of the dilute 203 splke was waizled into the beaker,

The tdo aliquots were then evapérated tondrynssS and loaded onto filaments
for rass p ctrometry, The loading procedure used was the same as that used
for loading the lead solutions onto filaments in fhe standard bomb proccdure,
The foiloﬁing-table of results showé that there was a large amount of

contamination introduced during this procedure, For comparisorn, I have

placed one of the successful results from the standard bomb method at the

top.
20
Samgple weight of zircon weight of acid added Dbzog 207 (206
-~ { orprn \ >0 a0 20
(Sramu) \oramnz Y= Pbt.vg I,,Q..wg-
85241 22271 : hell23 2103 22022 124,07
8532 aieinlil 2522 107218 L5232 SIaR32
8532 L0007 11733 1.2405 7007
8531 202215 211311 e LSk
8536 20202 a5083 . L5708 254315
It is cvident that the ratio of 3,11 HCL dded and the weight of the zircons
used is semewhat proporticral to the quality of the results, Using such small

amounts of zircon made the lead content of the reagent critical, and our HC1

was not pute enough to be used in such large quantities,

14, Ipid,



Second Minibomb Technigue

A second technique was used to reduce the need for reagents and td intensify
the efforts to keep the sample clean, For this method only one zircon was
dissolved in each bomd to reduce theAerror of selecting grairns, A zircon was
picked with a raintbrush and deposited in the teflon capsule. A second zircon
of similar size and shape was placed iﬁ another capsule. Two drops of HF were
piretted into each capsule using the plastic dispesable pipettes. Into one
of the capsules wére welghed one pipette drop cach bf the dilute U255 spike
and the dilute Pb208 spike, DBoth capsules were placed inside their netal
casings and left in the oven overnight.

Aftei therbombs had cooled, the'capsules were removed and the contents evapor-
ated by placing the contents in separate. covered teflon vessels under a heat
lamp. Two drops orJO.?BN H5P04 were pipetted into each capsule. The capsules
were then placed in theif respective teflon evaprating vessels and allowed
to heat for a few ninutes to equilibrate.the acid andvpowdered zircon,

The plpette used to take up this solution and load it onto the filament was
washed in 6,2N HClL and 4* water beforé and after 1oading.. As much of the
- sample as possible was loaded onto the filament as the original sampl; had
been s0 small, Otherwise, the loading procedure was the same as the lead loading
procedure discussed before.

The cleaning procedure between uses of the bomb was changed, Each time the
bomb was used, the capsule and the sleeve took on a residue from the metal
parts of the bomb.,. This residue did not come off duriﬁg the normal cleaning
procedure; Therefore, the teflon piecés were washed well in 1:1 reagent grade
HC1 and water, After being rinsed in 2* water, they..soaked in a near boiling
solution of 1:1 reaggnt grade HNQs and water for 30 minutes to an hour, This

process was very effective in removing the residue and was used after each
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use of the bomb, The metal parts of the bomb except for the spring were soaked
in a dilute solution of HNO3 for two»hours, rinsed, then allpwed to dry.
The bomb was then loaded with two drops of HF and left in the oven overnight.
This procedure was repeated a second night,

To test these new cleaning and loading procedures, several measurements of
lead isotope ratios were made on a zircon sample from Tunisia, The ratios
from this sample had previously been measured by Professor Henri Gaudeite of
the University of Wew Hampshire, The following table shows the comparison
of his results using the standard bombs under ideal conditions and my results

using the small bombs,

<
Sample 8180 P! 208 | P 207 P 206
Pbaos Pbaos szou
Standard homh al53h7 . 212085 1050
«311483 «16490 180,101

It is apparent that the standard bomb contamination level was léwer than
the minibonmb level, The amount of contaminant lead in each minibomb load
was calculated to be 1.3 ng. However, these measurements show a great improve=
ment over the measurements made with the first minibomb technique., It is
possible to correct for the lead contamination in these measurements with a
fair degree of confidence, The ratio of the contaminating lead in this
technique was calculatedito be approximately 1:36:17:41 for Pbaoq:Pb206:Pbao7:Pb208'
Th;‘weight of the zircon grain used had to be estimated. The error in such
an estimation does not affect the corrected values of the lead isotore ratios
much, It does cast doubt, however, on the value of the uwranium-lead ratios
obtained by this method, Nore preciss measurement of single grain weights is

néeded before these values can be used on a uranium-lead concordia plot.
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Assets and Problems of the Minibomb

Usage of “wo minibombs, one containing a spiked sample and the other, an
unspiked sample, simnlates:the situation in which one larger sample is split

: 2 20€.,., 20
into smaller aliquots, The ratios of Pb OS/Pb206, Pb207/Pb206’ and Pbaoe/Pb b

were measured on the unspiked sample. The ratlos Pbaog/PbZOGan& 3238/3235
were measured on the spiked sample, thereas, 1n the standardeomb procedure,
three filaments had to he loaded to make all the necessary measurementé,
this method reguirec only two filaments, This amounts to a saving in filaments
and irn loading tino,

It vas found that a single zirsen grain larger than 150 nmesh created &
strong enough.signal on the rass spectrometer to measure even the very high

206,Pb204

ratios of b . Two difficulties were sncountered, though, First,

the signal s slightly less sitable using the rinibomb technique, This prodlem
is at leasf partly caused by the prescnce of many other elements like zirconiunm,
which are removed by the resin in the ion exchargze columns, These elements
cause the load to be less weli-ordered and, therefore, less stable.

The second problem is the large number of peaks indicating the various
elements present, The uraniumvpeaks, though strong enough to be measured,
are offen hard to distinguish from the surrounding peaks.

Aside fronm the results obtained using the minibombs, their design has
impdrtant effects on the ease with which they can be used, The design is
esbecially good for renoving the teflon capsule after the assemblage has
been in the oven, It is easy to get the inner monel cylindef cut of the
outer casing énd force the teflon capsule out. . This is important because
the teflon capsule and sleeve flow during their times in the oven and can

stick to the sides of the cylinder., Their small size would make them difficult

to remove if both ends of the inner cylinder were not open,
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Evaporation of the liquid from the capsule is one of the hazards of the
minibomd becau;e there is so 1little acid placed in the capsule to begin with,
Any loss of acid and dissolved zircon would lessen the possibility of getting
strong enough‘signals during the mass‘specrtoscOPY. Again, the design provides
a solution to this preblem. The small pressure disc that fits on top of the
capsule is in contact with the‘lafger rressure disc that fits inside the
top of the caseing. Thus.there is direct pressure on the cap;ule to keep
it tightly sealed., The spring seated in the upper pressure disc moderates
the pressure created by screwing the top on, However, it also provides a
continuous force on the small pressure disc while the capsule is undergoing
flowage during heating, A slight shortening of the capsule does not drastically
reduce the pressure on it. The top must, tharefore, be screwed on tightly,

Several of the capsules used experienced shortening during the course of
several uses, The teflon capsule and sleeve flared out at the bottom of -
the capsule. As there was no direct pressure on the inner cylinder, it.was
not prevented fronm roving slightly and allowingrthe teflon -to flow under it,

The shortening of the capsules caused the small pressure disc to seat lower
in the inner cylinder, At the point at which the pressure disc's top was
nearly leve with the top of the inner cylinder, a steady state was reached,
The capsule remained the same length and did not expand at the bottom any
more. This result suggests that, in the future, the design of these minibombs
should be modified to allow for a shorter capsule and a small pressure disc
more naarly level with the inner cylinder,

One other problem experienced with the bombs was that the heavy tightening
needed to create sufficient pressure tended to chip and deform the threads
on the outer casing, It was apparent thét_the extreme tightening might

shorten the life of the bomb,
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Rubidium-strontium dating has been performed on many of the exposures of
Precambrian ahd Paleozoic plutonic and volcanic material in lbrocco.

are the possible sources of !

Appendii

parison with the ages determined for the leseta zircons,
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Az these

lesozoliec zircons, their ages are important for com=

Area Exposure . Ages in millicns of years .
15 16 17 18 19
Bas Dra Mn Tamousift granits 1895=20 1900 '
R, Aovnet ntiit Cussa ¥ 1820200
Cuzd_Choira craniis 121032 -—
Kerdous dbel Cuiharen gneisg 1700
Tazeronglt granite 1905225 1900 1700
Oued Amarhous 190 1600
Tascerhirt sranite 1900 1600320 1800
Tahala ‘ 1020240 . 1900 920
Kerdous o) 550-28n .
Dateinuta smoniis =20 BEANZan 520
Zenaga Azznemerzi rronite 1865225 1850220 1850780
Tazenakh granite 1735715 1720320 171L232
Tirrbonhing namnzbd ba 1200
Sircua Aglansm cparnita £20 592
Cuarzazate Cuomramake soleanicg L EN=3RN n1c=o80
Ifni alounzad granite 2217204
Ifnd nhuolttns £Z]1~=603
Mogeta Tighlza masgif 718~2C
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