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Judy Allton
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LSAPT correspandence indicates that collecting and storing permanently shadowed samples at low
temperature was first implemented in preparation for Apollo 17. Seventeen samples from Apolio 17
mission are currently stored in the commercial freezer in room 1109 of B. 31N. These samples consist of 6
samples from the Apolio 17 deep drill (one sample from each tube section, 70001 thru 70006), 9 samples of

tly shadowed soils (72320 and 76240), soil 70180 (a surface reference soil for the drill core), and
rock 71036 {(from boulder at station 1A). [List attached])

The Apollo 17 mission occurred Dec 7-19, 1972. C.O.s, core procedures and LSAPT memos direct the
taking of samples from the drill core and the permanently shadowed soils for the freezer in late December
1972 and January of 1973. Actual date of transfer to freezer is undetermined. Sample processing in B. 37
closed down in 1973 after Apollo 17 PET was complete. Samples were moved to various parts of B.31
during 1972-1973. (The freezer was located in Returned Sample Processing Lab (RSPL), (in B. 31?))

Two samples of permanently shadowed soils (7624022 and 723204) were removed from the freezer and
sent to Durrani for thermoluminescence studies in early 1974. Except for rock 72375, 0, which was put
into the freezer 1/30/73 and permanently removed from the freezer 4/25/73 for consortium processing,
and the samples for Durrani, no other samples have been allocated from the freezer.

RATIONALE FOR COLLECTING SAMPLES WITH A NATURAL EXPOSURE TO LOWER MAXIMUM
TEMPERATURES (BELOW SURFACE OR SHADOWED SAMPLES): The Geochemistry Group Report of
the 1965 NASA Summer Conference on Lunar Exploration and Science (NASA SP-88, p. 260-262) deemed
retuming samples with lunar volatiles as essential. The report also lists thermoluminescence among the
~desirable but not essential” measurements. LSAPT correspondence during the missions document the
idea that subsurface and permanently shadowed samples were thought to be good places for
preservation of volatiles and good samples to retain characteristics measured by thermoluminescence.
LSAPT wrote to mission managers, just prior to Apollo 17, to request that the drill and shadowed samples
to be collected not be left lying in the sun during subsequent lunar surface activities and be protected
from heat sources during the return voyage.

RATIONALE FOR LABORATORY STORAGE OF LUNAR SAMPLES AT COLD TEMPERATURES: In
the November 10, 1972, issue of Nature, Durrani presented evidence that low temperature storage better
preserved TL glow curve peaks. LSAPT memo of November 13, 1972 states "Even protracted storage at
room temperature may aiter the properties of lunar materials. For the benefit of future investigations of
temperature-sensitive properties [thermoluminescence, volatile trace elements], we consider it important
that aliquots of selected lunar samples be stored at low temperatures.”

There were concerns about placing samples in cold storage as noted in a letter to Durrani from Mike
Duke October 11, 1972, “It is not obvious how the cold storage can be reconciled with contamination
protocols.” Specific contamination concerns were not documented in the letter or LSAPT minutes, but
may have been sample container sealing during sample storage in air instead of nitrogen and the
condensation of moisture onto cold samples. The decision to place samples in cold storage resulted in
procurement of a freezer and development of sample handling procedures. Procedures called for
transferring samples to a small nitrogen cabinet and for highly efficient processing to minimize the time
the samples remained in the room temperature environment.

In recent years discussions of the need for freezer storage of samples has taken place in the meteorite
community and focused on thermoluminescence (it's use as a survey technique vs in-depth science value
and the sample requirements for effective TL analysis) and is not directly applicable to lunar samples.

PRESENT FREEZER STATUS: According to the freezer logbook, the last time sarnples were removed for
processing was 8/17/77 (possibly just repackaging). Thus, freezer samples are presently static.



LISTING FOR SAMPLE TRARSFER

CO NUMBER:
DATE: 16-Mar-1904
LIST GENERATED BY:

EOTEPAD codes: N3 » pnotss about specific; NG = notes shout generie

GROIP WEIGHT
GENERIC SPECIFIC PARENT LOCATION CONTAINER CONTAINER G DESCRIPTION KOTEPAD FLAG
70001 s 1 RPL-FZ L-adY g 2873 3.431 0A7-40 BILK  KG
70002 s 1 RAPL-FL & 2208 3.003 028-23 BRULK RG
70603 5 1 RPL-FZ 8 2280 3.004 018-12 MK &G
70004 5 I RPL-FI ¢ 2325 2.970 020-15 BULX KG
70005 5 1 RPL-FZ 8 2339 3.026 020~14 EULX KG
0008 3 1 RPL-FZ A Za80 2.968 028~23 BULX G
70180 2 o RPL-FZ 3B 80 20.020
71038 [} 0 RFL-FZ 3 18 110,400 BEFRIG
72320 1 0 RPL-FZ ki) ;3] 18,810
72320 2 0 RPL-FZ 33 83 8.622
72320 4 2 RPL-FZ 12 158 10 9780 0.131 FREZZER FI
72320 2 4 RPL-FI 18 158 10 @130 0.038 Z2IR FI
76240 s 1 RPL*FZ s m 10.870
JEB2A40 [} I RPL-FZ 3B a3 L% ¥}]
76240 22 6 RPL-FZ 1B 1% 10 760 ©.006 FREEZFR FI
78240 a3 22 RPL-FZ 1B 136 PV 0.025 FREEZER FI WEIGHT ESTIMATED
76240 34 22 RPL-FZ B 156 10 9783 ©0.046 FREEZER FI
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Dr. Michacel B. Duke.
Lunar Sample Curator (Code TLA4),
Manncd Spacec raf{t Centre,

‘]‘cxas ?7058.
U.5. A
pear Dr. Duke,

Refrigeration of Apollo-16 material

Thank you very much for the useful literature you recently
gent me as a prospective Principal Investigator of Apollo' 1510 17
samples. [ hope soon to receive further particulars from you regarding
the actual sample allocatlions to me for cur charged particle track work.

i The present letteris, however, concerned prirnarily with a

! different Lut rather argent matter. I have hesitated before writing to

you since Dr. J.A. Edgington is no longer a PI (nor I a Co-Investigator) |
* for work on thermolurninescence of future lunar samples beyond Apollo-
15, The proposal should, nevertheless., be of great importance, [

belicve, for other workers cn thermoluminescence (TL), such as
Profcssor R. M. Walker of Washington University, St, Louis, and it is

out of consideration for their interests and for the benefit of the total

lunar programme that I venture to make it,

I have previously mentioned to Professor Paul Gast as well as
10 yoursclf the cesirabiliy of decp ireezing the samples meant for TL
dnalysis, At Houston in January you were kind cnough to say that you
¥ill endeavour to do so for future samples. In the case of Apollo
6 mission, it appeared from the TV coverage of the sample collection
txcursions, ihat some samples were collected from the chaded parts of
Craters/boulder formations. eic. Thesec samples therefore may have
*emained at quite low maximum lunar temperatures (around 2-1001{?).
::*5 l‘chzin;; their radiation €ose much more effectively. It is of great
P?rlant (vspecially for these samples, but generally for all) that any
:::i‘l“’ns.uf these which aze meant for TL work should be kept refrigerated
°hh‘;hm_r rclcase to fhc mves!.:.'.'n:o:-s. » our paper for the Procccc'mgs
Third Lunar Science Ce:ifrrence we have stated that *., ... This
::"lif\cs the importance of placing lunar samples, destined for TL
Y. in deep freeze (say at liguid nitrogen temperatures - though cven "y
/ns S+
rL 870 =0
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(orage would help), as well as of their prompt distribution for
k®. Ihope that you will be able to implement these suggestions,
ight drainage of TL at ambient temperature during the return

,_of the astronauts {and any subsequent delays in the LRL} can,

ve, 5¢ 2ilowed for - but the carlier they are placed under

sztion. and distributed, the better,

Incidentally. Dr. Edgington tells me that despite several

ers, he has, to date, net received any core camples of Apollo 14
collections. We need these urgently for our current programme
iavestigation uf material from these missions. We should be
sateful if you would personally look into this and send us these
mplcs.

- Finally, I hope that by now the Surveyor III components have been
Iy housed and catalogued by you,and that you will be kind enough :

mec urgently a picce of Surveyor glass, for our track registration
ait, as promised by you in Rbruary,

With kind regards.

.

S. A -,budawl

S, A, Durrani

trofessor R. M. Walker, :
« Tech, Division of Geoclogical Sciences,
“1adena, California 91109, U.S.A.

- B.G. Pressey, S R.C. London,
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May 24, 1972

Dr. S. A, Durrani
University of Birmingham
Department of Physics
Birmingham B15, 2TT
England

Deér Dr. Duﬁani:

‘Thank you for-your letter of May 2, | have again forwarded your comments

to the Lunar Sample Analysis Planning Team (LSAPT) for their comments.
However, before we can consider the possible refrigeration of funar samples,

we will need to have some more definitive data. The shadowed samples
remained about three weeks at room temperature before they.were found (it

was not clear which sample bag. they were retumed in). We hope to.repeat

the experiment on Apollo 17 and need to-have some hard data to.establish .
the validity of'a refrigeration-requirement,- which would. involve other problems
of sample contamination control ,

vt

“We have ihe' Surveyor'lil parts here at MSC, with. the ex'cegt'ién of the glass

L]

filters; which we expect here soon. The LSAPT, however; which has the . .. .
rasponsibility for allocations of that material, has not yet reached a declsion

on your request, | will Inform'you when they have acted,
Sincerely yours,

b ]

Michael B, Duke
Lunar Sample Curator

TL4/MBDuke:cmg:5-24:72:3274
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5 October 1972

b ewpRa DU
7L/LRL Supervisor

vice Chairman, LSAPT

'.m.\i:
'53331-:(:'1‘: Low temperature storage of selected lunar samples

b me attached letter raises a guestion that we nust consider

geriously. Approximately one cubic foot of storage is at

{ssve. The combined reguirements for cold and security

b could make this difficul~. LSAPT would appreciate it if
bilitv at our next meeting (Nov.

you can advise us on ‘ea.:
1-3.

7 §
- o, s
AR s v/:.l"-‘h\

;‘khn A. Wood

- ee: TA/Mr. A. J. Calio
' TL4/Dr. 1. B. Duke
™/Dr. P. W. Gast

LSAPT members

IAn/skl
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L4 October (1, 1972

Dr. §. A, Durranl
University of Birmingham
Deper tment of Physlcs

8l rminghem 815, ZTT, England

Daar D;.~ burranf !

_ The LSAPT dliscussed your. proposs|. to retrigerate samples at thelr
" September mogting. They teel that It is generally a-gpod Idea and
are prepering suggestions for i¥s I@pismantation; howover, it is
not obvlous how the ‘cold- storsge can be reconclliod with sample
' contamination protocols,™ I will let you know how tho situation
develops,: = ' Lor e T "
"y . : R S S

The LSAPT has not sl iocated you core matorlal from Apollo 14 or i3.
We are now-in the process of allocating Apollo 16 core samples and it
s ditticult to go back to previous missions, ! ‘suggest thet you
rosubmit 8 reqs;eat tor ‘Apol lo 16 core samples.

Apolio 15 solt semples wers sleved and numbered according to a
standerd plan, Sample numbers ending In 1 (1.0. 61281) passed through
a one mltiimater sieve. Numbers ending in 2 passed through a 2

ol 11 imeter sleve and were retulned .on one mltlimeter - | caution you
that the sieving s nof particularly etticiant, as It 1s all done in
dry.nitrogan and -statlc effects are.great. .. These:progedures aro

defined In the Apollc 15 sample catalog,. .

Sincerely yours,
ﬂo -B-O DURB
tunar Sampie Curator .

TL4/MBDuke:gs: 10-11-72:3274
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U.S. Govt

- ———

o



NATIONAL AEROHAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CLHIER
Housicu, TEXAS 77053

7 NHovambher 1972

vice Chairman, LSAPT

:'BJSCT: Temperature-sensitive samples to be collected
' by Apollo 17

bich of the interest in collecting a dzep drill sample
fnd a pernanently shadowed sample stems trom their

F csumed content of volatile elements and compounds.

pron discussions with SWP members it appears that these
fio-nles, once collected, may be left for substantial

> riods of time in éirect sunlicht on the lunar surface.
f so, thev will become hot &nd their content cf vola-

-

jles will be lost or redistributed.

e urge that every possibility be explcrzed of protecting
the deep &rill cores and the permanent: shadoved (and
Yeference soil) samcies from high temgeratures, cither
by stowing them immediately in the LM, or storing them
Bn the lunar surface in a shaded position or under an

i€¢: Pref. R. O. Pepin

s TLA/Dr. Michael B. Duke
: TN/Dr. Paul W. Gast
LSAPT members
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WD SFACE ADMINISTRATION

NATIC
ECRAFT CENTER
Tcxas 77333
13 November 1972

1Y
- Fory
SF - .
;‘E MEMORANDUM
T3
3 m70: TA/Chairman, LSAPT

'j% FROM: Vice Chairman, LSAPT
&

GUBJECT: Cold Storage of Selected Lunar Samples

; Certain scientific investigations (thermoluminescence,
, volatile trace elements) are compromised if the lunar
i} samples they are applied to have eiperienced high
Even protracted

i temperatures since they were collected.
storage at room temperature may alter the properties of

lunar materials. For the benefit of future investigations

of temperature-sensitive properties, we consider it important
that aliquots of selected lunar samples be stored at low

temperatures.

-t

Accordingly we recommend that the Curator obtain a comner-
cial deep freeze unit, capable of sustained operation at
-25°C. This should be capacious enough to hold 10 l-liter
bolt-top cans in Styrofoam insulating cases (the latter to
maintain low temperatures in the bolt-top cans during de~
frost cycles of the unit, or power failures). Storage of
anything other than lunar samples in the unit should be
prohibited. The lid should be fitted with an appropriately
secure hasp and lock. We request that this system be ob-
tained and installed by the time the Apollo 17 samples

are returned.
/ }_»."- ’ 2 ."}
S N \r..-:\
“John A. Wood

REad A

ce: TL/'r. W. B, McCown
TL4/Dr. HMichael B. Duke
™/Dr. Paul W. Gast
LSAPT members

JAN/skl
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NATURE VOL. 250 NOVEMBER 10 1872

Tablo1 Comparison of Compotitions of Basalt Cinders and Lunar Samplo 14310

Si0, TiQ, AlLQ, Cr0, Fe0, FeQ

A 41.9 0.83 19.3 n.d. 4.5% 4.74
B 46.4 1.22 19.8 .~ 018 4an 4.3

MnO MO Cad Na, O K;Q 0, H,0 4+

017 6.59 12,43 2.31 0.34 0.03 0.49
(£ H 1.15 1210 13 0.48 0.33 0.49

A is basalt cinders 14802 from Mansion pyroclastics, 8t Kius (18); B is 14310 ¢16) recaleulated afier addition of 0.44% 0,,0.50% H,0

and 18054 N2, 0.

Both magmas arc suspecicd 1o have precipitated Anyg- g 2t toderate water vapour pressure, Angg on eruption afier dehydration. I3 then

fost alkatis as well, and precipitated groundmass Ang;.

Terrestrial busic magmas of the cale.afkaline type, having
“normal™ Na/Ca retios much higher than thaose of 14310,
precipitate very caleic feldspars ¢anorthite) in encloscd magma
chambers at elevated water vapour pressures, yet after cruption
and water loss by volatilization these magmas precipitate
much morce sodic feldspars (labradorite/bytownite)!*13, A
specific example is provided by the basalt cinders from the
Mansion pyroclastics of St Kitts?* which crystallized carly
plagioclase Angg with olivine of Foye after cruption, but are
associated with plutonic accumutate blocks containing feldspar
ANga-9; and olivine Fo,y. The compositions of these basale
cinders, and of 14310 after addition of approprinte alkalis,
oxypen and same water, arc compared in Table 1.

14310 was derived from a caic-alkaline basaltic magma
similar in major clement chemistry 10 a common ierrestrial
type (the minor element chemistry procludes eny closer analogy).
That magma had “normal alkali contents and was crvsial-
Jizing at about 1,150° C, and 250 bars pressure in 3 magma
chamber buricd approximatcly § km below the lunar surface”.
This wet magma, containing [-2% H,0, was precipitating
spinci-troctolite.  Some of the magma was erupted, carrying
with it a few of the low density equilibrium plagioclase pheno-
crysts {Atigs) from the magma chamber. Al the surface the
water was lost hv volatifization; in the absence of dissolved
water the liquidus and solidus temperatures increased rapidly,
and the remaining silicate liquid found itsell markedly super-
cooled under the new conditions. Plagioclase crystailized
rapidly on the existing nuclei at first and [eldspar had a
sodic composition, Ans,, refiecting the still high alkali contenis
of the silicate magma an cruption. Following and accompany-
ing the water loss, however, sefective volatilization of alkalis
took place, zgain contributing towards higher lguides and
solidus temperatures, Ry the time general nucieation of ground-
mass plagioclase had occurred, the siable composition formed
from the alkali depleted silicate liguid was Ang,’ (perhaps
not significantly diffcrent from the cxperimentally observed
Ang,’).

The temperature of the magma, 1,150 C, was below that at
which olivine or aluminous srincl are present in the dry low
pressurc equilibrium crystallization historics?; consequently
acither formed during the groundmass crystallization of 14310,
but relatively iron-oxide rich calcium-poor pyroxene precipi-
tated. Oxygen loss, however, continued beyond this stage so
that the final composition of 14310 wus too depleted in oxygen
to yicld such iron-oxide riz . ~vroxenes in o> ~eriments, a more

magnesian pyroxene and t "¢ iron be -served instead.
The ihimates. -ceofth. 10 magn massive partial
meliir of 3 w. -rich Ju, : imetior, e a liguid of

gabbrow-anorthosite type which fraction.... zxicnsively by
plagiociase crystallization close to the lunar surface. The pre-
eruption 14310 magma was a residual liquid from that fracviona-
tion process’,

Summarizing, the petrography of sample 14310 provides the
strongest evidenee yot for the real operation of a process which
was always a common sense probabiiity, namely the significant
alteration of magma compositions by the sclective volatilization
of water, alkalis and oxypen from slicate liguids crupted at
£,100-1,300° C inlo a vacuum of hurder than 10-'2 totr on the
hunar serface. hithe lighs of this there is no need to appeal loa
:.pxgal,gx.ad separtc accretion of the lunar crust with its

present composition, and no casc for aseribing the dry, reduced
and alkali-poor of lunar surface samples to the Moon as a whole,

M. J. O'Hara

University of Edinburgh,
Grant Iustitute of Geology,
Edintrgh EHS 32

Received Sepiember 5, 1972.
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Refrigeration of Lunar Samples
destined for Thermoluminescence
Studies

1 wish to provide quantitative data supporting the need for
refrigeration of lunar samples, retrieved by both manned and
unmanned missions, which are meant for thermpluminescence
{TL} investigations. The samc arguments apply to freshly
fallen meteorites. This need for low-temperature storage does
not seem to be gencrally appreciated, with the resell that a
good deaf of uselu! information is irrctrievably lost.

The main purposes of TL investigatrons of lunar {or mrtco-
riticy materind are, frst, to derive the radiation and temperature
histories of the samples and, second, to cxtimate the fcosinie-ray
cxposure) age of the samples or their parent bodies. In essence,
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Half-lives of First Peaks in Typical Lunar Samples hold at Different Starage Temperatures

Yable 1
Sample Trap parameiers Half-life 4 a¢
(and peak temperature) Depth E(eV)  Freq. factor (s*5) +3C «~3*C -50*C ~196*Ct
12070,112 {fines) (160" O 1,18 ~7x I 64 days 200 yr Ini0®yr Ix 0% yr
IZOS!.ES(}wk chip) {175° C) 1.05 ~1xio" 40 days 90 yr 3% 10" yr 4% 100 yr
15201,70 (fines) ; 120" C) 1.00 ~5x 10t -2 days 4yr 4x10% yr 1% )0* yr

* CO, snow {"dry ice™) temperature,
t Liquid nitrogen tlemperature,

~250 X for the Jast 15,000 yr.

the amount of “natural™ TL observed it & body is the resuit of
two competing processes: the radiative filling of “clectiron
traps”, and the thermad drainoge of these traps in the natural
environment of the body. The mean life 1{T) of elccirons in
traps of “depth™ £ and “frequency factor™ 5 in a body held
at an absolute temperuwwre T is given! by

(T)=5"1. eFnT (1)
where k is Boltzmann's constant.

Parameters E and s for cach “glow peak™ in a TL readout
can be determined experimentally?®, and the values of 1 at
various storage temperatures czlculated from equation ().
For peaks which are observed at relatively low readout tem-
peratures {say~ 150° C}), hall-lives ¢, (=1tx In 2} at room
temperatwre are often quile short {a fow days or weeks).
Low-tcmperature storage as well as prompt disiribution of
funar (and meteoritic) sumples destined for TL studics is thus
called for. The loss of low-temperature peaks is particularly
unfortunate in the case of lunar corc tube samples which,
having remained at fow ambient temperatures (~ 240 K) on
the Moon, should have displayed substantind TL in the first
natural pezks, had fading been arvested by placing them in
deep freeze in the laboratory.  (Ideally, refriperation should
stari during the return journey of the spacecraft; but allowance
can be made for a few days of fading.) The same is true of
sarples from manned or uamanned Moonr missions collected
from depths asliule as ~ 20 em (where effective storage tempera.
tures are ~ 250 K, refl. 3) or from locations which are shaded by
projecting crater walls and boulders, and also of samples from
any future {unar polar missions. Similarly metcorite cores
(that is, regions awny from “fusion crusts™) may sill be ot
ot near their outer-space temperatures® ( ~ 200 K) if recovered
soon after an observed falf, The advantages of refrigerntion

wJ?

TL glow {arbitrary units)

Fiz. 1 Typieat TL plow curves from a lunar fines sample (ratc of
heating, 5* C £='; black body coatribition subtracied). The
first peak kad become deained in the natural sample (eurve A)
during its laboratory storage (for ~ 18 months; 1, ~ 68 days),
but is reinttated upon irrudiating the sample with *°Co y-riys.
the high-temperature peak wos found to have 0 o~ 16T yr

eeptt 30° C. A, Nawrs : atural sz AS krad;
05 g1y t 20 ’C _Anh'm..l.'}l ’fm.p!ﬁ'. :B.. n..flu_r::l.sqt!}_p'lc_ +._5 hrad:

L L

¢ This sample, which comes from the battom of a trench ~ 20 em deep on Hadley Delta, is estimated by us® to have remained at

were demonstrated® in the case of the Allendde meteorite, which
fell on February 8, 1969,

Fig. § shows the situation in the case of a fines sample?
from Apollo 12. The first peak (see naturzl TL curve 4) had
abviously been totally drained during the pre.readout storage
of the sample in the Iaboratory {at 20° C for ~ 18 month}s.

Table i records the half-lives of the first peak in some typical
Apollo 12 and 15 samples at o number of stomge temperatures
of interest, as calculated from the values of E and 5 measured
in this Iaboratory,

The need for refriperating at keast a small fraction of the
lunar samples (preferably at liguid nitrogen temperature),
immediately upon receipt in the Lunar Receiving Laboratory,
is obvious from Table 1. Depositing parts of freshly falien
meteorites in the freezing compartments {~ —10° C) of cven
ordinary refrigerators—and preferably in “deep freeze™ units
{~ —20° C}—in muscums and laboratorits is strongly recom-
mended. Prompt distribution of samples destined for TL
studies is urged in all cases.

S. A. Dunrani
Depariment of Physics,
University of Birmingham, Birmingham B15 27T

Reccived September 3 revised September 20, 1972,

! Randali, J. T., and Wilkins, M. K. F., Proc. Roy. Soc. Lond., A,
184, 366 (1945).

! Durrani, $. A., Prachyabrued, W., Christodoufides, C., Fremlin,
J. B., Edpington, J. A., Chen, R., and Blair, 1. M., Proc. Third
funer Sci. Conf., Geochim. Cosmochini. Acra, Suppl. 3. 3, 56
(MIT Press, 1973).

i Durrani, S. A., Prachyabrued, W,, £dginglon, J. A.. and Dlair,
L M., in The Apello 15 Larar Samples {edit. by Chamberlain,
}. W.,and Waikins, C.) (Lunar Science Institute, in the press).,

. Dun’nni. S. A, Med. Geol, 2, 247 (1511).

* Durroni, S. A., and Christodoulides, C., Narure, 223, 1219 {1969).

Influence of Continental Positions
on Early Tertiary Climates

CoNmrvents can be positioned in their earlier piaces on the
Cainozoic globe by means of their rock magnetism; continents
for which such dala are tacking can be placed in their relative
positions by removing the subsequently penerated seafloor.
On such a reconstructed globe for a particular time in the
Cainozoic the distribution of palacoclimates, as deduced frem
significant rock-types and fossit plamis and animals, can be
plotied in their true geopraphical relationships. Locations of
the continents and subcontinents with respect to the rotational
coordinale system, as well as to each other, will largely deter-
mine the prevailing climatic trends by affecting the circulation
patterns in oceans and atmosphere.  Here we attemnpt to niodel,
in a semi-quantitative way, the climates of the Earth in the
later hall of the Eocene (4045 m.y. ago) and in the early hall
of the Qlipocene {30-37 nuy. ago), an interval of marked
climatic change.

For deciphering glubal palacoclimates o reconstruction must I /
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TL4 December 14, 1972
<

EMORANDUM

:"l;e: Vice Chaimman, LSAPT

'};ROM: Sample Container Subcommittee (SCS)

‘SUBJECT: Storagé of Refrigerated Samples

Reference is made to memo dated February 3, 1971, In addition to meeting
all specifications for category | containers as set forth in the reference, con~
tainers for storage of Apollo 17 samples for extended perlods of time at -20°C
hould meet the following additional requirements: .

: -1, "Q" rings must be made from 300 series stalnless steel (that is
nonmagnetic) "V" type seals. Conventional type "0" rings will cold flow and
Jose thelr seal after extended periods of time. The “V" type seal must be con~
{ined within the rings and are thus not adaptable to existing containers. Untll
new containers can be designed and fabricated for the "V" type seal teflon "0
ting in existing containers will be acceptable for storage for a period of time not
to exceed three months.

2. The category } containers are to be enclosed in three heat sealed
teflon bags which will serve as moisture and frost barriers while under refrigeration
and during transfer out of storage and retuming to room temperature.

3. Triple bagged category | container must be packed and stored inside
a protective outer stainless steel or aluminum container which has no vacuum re-

Quirements. .

0. Gault

A. Eurlingame

L
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L SAT'ONAL ADRCUAUTCS A SPIITOAINL USTRATION €
P hieED AT UTEIR AT T0NTER "
- ! 2 o o
';'_ '__’:: [P Sab R . ] ratd
- ) . .,*_-?' ({ -
C.0.to. K7
winon  TLA December 20, 1972
MEMORARHDULL .
T0: TL/klission klanager
FRO.: TL4/Curator's Office

" QUBJECT: Sampling &pollo 17 Eit and Ceres 70001 - 70009

A,

Open the Apollo 17 eiahit-sectien dritl string according to SP-12,
The iS! cere specialist should monitor all portions of this C.0,

The folioumg allocations are to he mad2 from th2 bit 70001 ane
a0y .7

. n_':}t_' .. (I TN meim - =
Uil civm 2ol wudu, TuufEiaisgl i0 Z-ray B :Afvsss

- 75
of tive cores. G. Heiken will 52 5,C.

1. 70001

If the bit contains material; it should be excavated and allocated
as follovs:

Excavate the material in half centimeler intervals, Each half
centimeter should contain approxinately 2 gm of material,

a. From U2 deenest hatf centimeter sarple, pick out, tescribe
and group packoae all grains iarger than 1 mm in diameter,
Package aliquots of the fracticn finer than 1 mm as follows:

2 each 200 mg
1 each 150 nyg
1 each 75 mg
2 each 50 mg
1 each 25 mg

Transier all satas ta SCC, The
aged. {or storrng, 13 Licre s oo enough material in the first
inlerval Lo nitxe s savinas Zuoeve, continue wilh the second
interval until thay nave Laon conmetcd

remainder should be pack-

LN



L. Fao c" mg 3 o cf uncsizurd it matwizl (e celd sterana,
San :r bo b senicn i acig vizzias FTH ecudninor
Of L.t 3, ALiadCat) Ensiomian &au transicr of wolarial
L0 Coign SLT2852 Ve £2 25001020 10 & Suuseuent C.0.

170000

¢. Fresn zuccozding holi ceatimater intarvals, pass tia moterial
threouin 8 Leln /G0 Clanag sjave, wzeeriu tie i '.:"r
FUBINEOLG, PACWLCY Lk stzre, Froix th? hincr l R ORI,
saulo, ren ave 10u w, tackane and store, o4 the o=
miiing < Lavenirdisiicd o the Licmadical tasting somple

This cou 2080 €Il € 2 hnamainadivicl o atla bli

anc e sl suowid L2 ::u.::i uniii L2 tzicl woio it ef the big-

MOCICah Loy Sno e i L2.0 ¢mie Vads va rasult fre the

CXCLYVILICY £ ISl U L0 12 er mord haii centimeler unils, de-
gauing oat L1e coarsonass of e siaple.,

d. Reooat b for seccencma hali contimzter intervals vntil
the Livmoracal sum iy cemetizicn, Thesane 125
SIeve cait G2 usau tnr sl sectians semnsuin b end co
Transior ti2 biemasizar sanple ta 8¢

. Praflmiciiom tim e kbl bl mea T A e
] C- ] \ﬂlunhn + vuu--nLu- by} L) u-. un..-- a.ulhut Fhalirga i\.' rﬁ,.uluty uuu

Peliagn 2 5. '\{;..._If e Leiid dn o cantin ozt intenvals untid
i Licis coovuods innwvidat Lrge wapments may be sopanataly
gocutidinag andi peciaand,

2, 70002

}i the biomzaies! sanipic 31“3 mt bt:m comalcted, nstiiv Curntor,
Ga Curater s i, Neval, ekt leoni s LLO‘.u &y trge betoon of
7000 call it is compielas Leliver 2 compicied tiomzuical
semole to Sol,

3. 70002 - 700745

Evcave ey
ol Ls::-’;:: st; 3
e

in ccuiticn, p

cinl in half=aitizoater intorvals bron L‘ ton cf each
e pretara cin abiccalicn e Taticsi Lo laaau 1b cbove,
Sre Snge.aans hrom ot core a3 isiene:

70066 1.5q9m DAVES
QLohH 2 en DaYViS
70024 2 o Du. i
7G005 2 ym SV

Coz 2 o STIARS

(_' TOCoe
Transler samplas, excludivy remaindar, to SCC.
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3w
4, /i ."Hoc‘ tion lict avtherizing sam: nlas to l:e :ransfﬂr:c.l irom SCL
to Pringizal luuastis =ators il icdow on 2 enate .0,
5. Fizase insure that all icer, Lificd aligue: e properly Lransfarred
to SCC. X

6. 70003 vill ke dissected, as doscribed on a subsequant C.0,

13

Liichaal B, Guke

TL4/:".;.’:‘Duke:cr:!g:12-EU-72:3‘274

)
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US. Gov ¢

“ HATIORAL ACRONAUTICS 7D SPACE
BALRFD SPACCCRART ¢

Houston, Texas 77053

27 becember 1972

LA
MEORANDLUN

20: TA/Chairman, LSADPT
‘FROM: Vice Chairman, LSAPT

:"s'um:c'r: Cold Storage of Apollo 17 Samples

LSAPT recommends +hat the following Apnllo 17 samples be
as feasible:

‘placed in cold storaye as soon
¥3g soil from cach junction of the deep drill string
Y (but not from the surface layer)

H
ilOg

r

or 10% (whichever is larcer) of reference surface
soil collected near the deep drill site

The core sample vacuunm container

The top half of the double drive tube from which the
bottom half was placed in the csvec

nar rocks that were set aside from
"Thin sec-

to be

One or two of the lu
thin~scction.chipping (sce memorandum,
tioning of rocks during Apollo 17 PET" '
chosen,by an early LSAPT representative

ples of the orange soil and its reference

J
i
1508 e
!
&
{
'

{Probably) sam
soil.

A memorandum specirfying containers to be used for cold

Storage of lunar “wwples is appeonded.

\‘ . f

- ‘ -~
John A. wood

. enel,

e TT VMG G aliant 0 fNarte

WN/Dr. raul w. gars

T

. E LSapT nembers .

ach of one trench soil and its refercnce surface soil

T

/

-y
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"1 NATIO:HAL AEFU':A: F.ES ARD 3PACE ADMIN HSTRATION,, 10657
54 VoD LPACLCH Y CENTER |- —
.;‘— /;?6' LOSIUN. TERAL 403
smor.  TL4 January 4, 1973
C.C.HGy
MEMORANDUM
TO: TL/Mission Manager

FROM: TL4/Curator's Office

r

SUBJECT: Refrigeration of Apolle 17 Samples

The following samples are to be refrigerated and packaged according to the
attached procedure,

70001,5

?0002, &

70003,5

70004,5

70005, 5

70006,5
Please complete this work ASAP, The S.0, for the operation is Dr, M, A,
Reynolds,

; John 0. Annexstad
Enclosure

TLé/JOAnnexslad:cmg:I-tl- 73:3274




3 NATIONAL AERO.’\':‘-UT!CS AND SPACE AL‘f-.ﬂNISTRATiON

- -# HANNED SPACECHAFT ceyitem

B o Housron, Tuxss 77058

N 2
g

aen TLY | Janvary 4, 1973
MEMORANDUM
T0: TL/Mission Manager

FROM: TL4/M, A, Reynoids
SUBJECT. Refrigerated Samples

refrigerated samples,

L. Al lunar samples should he put into an FTH or bolt-top can as a
primary container, These should be then triple-bagged in heat sealed teflen
bags cieaned 1o CP-7 of MSC-02zq2,

2. These containers should be then placed into an approved refrigerated
sample container, These containers should be alse triple~bagged with teflon
cleaned to CP-7 of MSC-02343,

3. These containers should be then placed into a Prolective outer stajn-
less steel, aluminuin or polystryene container,

In addition, each sample should alse have as part of (g data pack a form indicating

the original time of refrigeratfon, and a record of any time outside the deep freeze,
An example of a form is attached,

TN b il
M. A, Reynold
CONCURRENCE:

-
G2
7 ~/1 "'f“."}.. hY

M. B, Duke, Lun;l; Sample Curator

cc:
TL/W.B. McC ow:}
“TL3K.. Suit
D.White

T.F-J?cpllﬂ- -y

~
R S VIR

TL4/p Rnfh:r

...___
LX)
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Nt Fa g: MANNED SPACECRAFT CEMTER
Wt s HousTon, Texas 77053 -
-’c"..‘-\ ‘fr - 4
L | C. & o5
- W
amor TLA January 19, 1973
.MEMORANDUM
TO: TL/Mission Manager

FROM: TL4(Curator‘s Office

SUBJECT: Refrigeration of Apollo 17 Samples

The following samples are to be refrigerated according to the approved procedure,

1, 25 grams or 10% of total, whichever is less of
Bag 500 - Station 2

2, 25 grams or 10% ¢ total,‘whichcvcr i5 less of ?6240
Bag 312, :

These samples should be taken prior to any process of the sample. Please
complete this work ASAP, The 5.0, for the operation is Dr, M. A, Reynolds,

W @LCM

Mithael B. Duke
TL4/MBDuke:cmg:1-19-73:3274

/7
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NATIONAL AERC.‘JAUT#C’- AND SPACE ADM!NISTRAT]ONO

: MANNED SPACZCRAFT CENTER 95 A
' HOousToN, TEXAS ;7058 ,0
'C.0. #1099
REPLY TO
ATIN OF:  TL4 . January 24, 1973
MBORANDLM
T0: TLMission Manager

FROM: TL4/Curator's Office

SUBJECT: REFRIGERATION OF APOLLO 17 SAMPLES, MODIFICATION TO
C.0. #1050 .

1. From sample 76240 (Bag 321), obtain a 25 gram sample from
Sample 76240,1 (Reserve), Refrigerate according to approved
procedures,

2. Process D2 505 (temporarily in the computer, tmsorted, as
sample 72320), S.0. and altemate for this Operation are
McXay /Clanton,

Sort the material according to Sample Processing Procedure Sp-3

Y

with the following special instructions:

b. If the above reserve is less than a rormal reserve would be,
*  take an additional Teserve to take up the difference,
g€ per procedures.

,Z% Nl
R

Associate Curator
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Procedure for Removing Samples

From Freezer and Transfer to Nitrogen Cabinet

l. Samples in the freezer are packaged in bolt top cans protected by
three layers of heat-sealed teflon bags. MWithin the bolt top can,
samples are sealed with three layers of protection, generally, a hard

container and two teflon bags.

2. To guard against potential contamination of the laboratory and
the container, the following steps are to be taken to transfer the sam-
ple back to a working cabinet: i
a. Remove the container from the freezer and immediately place it
in a zip top poly bag,
Note: Handie the sample container with disposable nylon
or poly gloves. Discard the gloves after use.
b. 0On an adjacent work bench, siit the outermost teflon bag
while retaining the first poly bag as a cover. With a clean
pair of gloves, extract the container and unopened teflon bags,
and place it in a second clean poly bag as a dust cover. Seal
the original outer teflon bag in the first poly bag and dispose
of the bags, transferring them outside of the laboratory imme-
diately.
C. Transfer the sample to the laboratory in which it will pe pro-
cessed and enter it according to standard transfer procedures.
Note: For handling of cold storage samples, it is important

that the samples be allowed to remain outside the freezer




GO

for the shortest possible time. Transfer should be
arranged for a time when all Systems are prepared to
function for sample Preparation, If samples are to be
returned to the freezer, all operations should be
scheduled for completion within one working day, includ-

ing return to cold storage,
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TL October 11, 1973
MEMORANDUM
T0: TL/W. A, Parkan MEMO #m
D
FROM: TL/lamar Sample Curator RECY
-'—“"'7‘.—’
SUBJECT:  Freezer Samples for Durrani .. S Y/ N
COMP/

Please have two freezer samples prepared for Durrani:

72320,2 25 g

76240,6 Sg

it is important to retum the samples to the freezer as Tapidly as
possible. Refer to C. 0, # for procedure for repackaging parent
Sample and documentation of the temperature history, .

Each split should be packaged in an FTH container. The container
should be immobilized in an aluminum can and doubly scaled in teflon
bags. The split should then be transferred back to the freezer for
Storage wntil transport to the pJ is available,

disappeared, The readiness of the cabinet to do the preparation should
be double checked before removing samples from the freczer, Work should
proceed continuously, once it has started.

The samples will be transferred cold using dry ice in an insulated
container, We should acquire a sujtable container (smal} dewar?) and

Mi B, Duke

AY
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The University of Birmingham

DEPARTMENT OF PHYSICS
Chancellor's Court, The University of Birmingham, P.O. Box 363, Birmingham
B15 21T

Telephone 021-472 1301

Poyniing Protessor ang Hesd of Ceonrimen:: w F Vinen FAS: Oliver Lodge Professor: W E Burcham FRS: Protessor of
Applied Nuciear Sciance: J Walker: Professor of Crysaliography: A J C Wilson FRS; Prolessor of Apptied Radicactviry:
4 H Fremiin: Prolessor of Nuclegr Sttucture: G € Morrison: Prolessor of Mign Energy Physics ang Directar, Film
Analviis Unii: B € Colley,

SAD/EAS 1lth January 1979

Dr. John 0. Annexstad
Secretary - Meteorite Working Group
Johnsen Space Center

Houston, Texas 77058

U.5.A.

Dgar Dr. Annexstad,

The Ancaracric Metgorites

Thank you very much for your letter of lich Occober 1978, and the
accompanying list of Samples, Since then, these samples have

been received by Drs. Sears and Bull of my group.  Actually, it
might have been administratively more convenient if you had, in che
first instance, allocated all the Antarctic Meceorite sanples in my
name as Group Leader. I would, chen, have allocaced the necessary
portions to Drs. Sears and Bull (both of whom are working as Research
Fellows under By general direccion). Your present procedure of
formal internal transfer is somewhat unnecessarily complicaced! If
You send us any further samples, please allocate them to we as the
Principal Investigacor.

In addition, I zlso wonder what action your Meteorite Working Group

is proposing to rake on oy original request (04) dated 31sc August 1977
(and repeated in my letter to you dated 19th July.1978) for some
samples whieh have been kept specially deep-forzen for TL scudies.

lov-temperature thermoluminescence (TL) glow with TL from other portions
of the same meteorites kept by you at room temperature. In the case

of both Apollo shaded Ssamples and Luna-24 dril} core samples, we

observed marked differences between the deep-frazen and roor—cemperature
founterparts. One way to send these deep~irozen samples to England
vould be for one of the British Lunar PI's attending the Lunar Science
Conference at JSC, Housten in March to bring back chese samples In a

€03 - snow package (as I ¢id in 1974 for the Apollo deep~frozen materiai).
Please let me know how you feel abour this quescion.

With best wishes for the New Year.

Yours sincerely,

S.A. Durrani
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DEPARTMENT OF CHEMISTRY
Chemistry Builgting

Fayeltevilte, Arkansas Y2703
I (50%) 575-4501

UNIVERSITY OF ARKANSAS - College of Arts and Sciences
Dr. John O, Annexstad

February 29, 1984 8 7_0
P s T e
Secretary, Meteorite Working Group

Lyndon B. Johnson Space Center

Houston, TX 77058 Se M_S
Wumml‘

Dear John:

) Further to Mike Lipschutz's letter to you concerning RKPAB0212 |
would like to request samples of this meteorite for thermoluminescence
measurements, taken adjacent to those you send Mike. We have found

that the dark matrix of regolith breccias has a TL sensitivity a factor
of 2-3 lower than the tight clasts, but are unclear as yet whether this
is because the matrix contains 50 - 70% unequilibrated material or 50-
70% shocked material. A collorative study on this and other regolith
breccias might shed some light on the problem (pun intended!), To

avoid a possible complication due to albedo differences, we propose to
use a relatively sophisticated sample preparation procedure (acid-washing
and fine-grained, g 10 um, desk preparation} and will require 100-200 mg
samples. They should be relatively unweathered, crust-free material.
There is no need for any other special handling precautions (working in
darkened rooms at sub-zero temperatures etc.).

Best wishes,

Sincerely,

v -
re ears

DS/jc
cc: Professor M.E. Lipschutz

1 20

" Universdy of Argnsss iy A0 $Qudi Bpponundy Latlitmative acton instnyution.



