
REPORT ON DRILL STEM 70002 

GENERAL DESCRIPTION 

Drill stem 70002 is the eighth and lowest stem in the Apollo 17 drill 

string. In order to accommodate the drill bit, the stem was shortened from a 

length of 39.9 an to 36 cm. Calculations based on X-radiographs and previous 

dissections place the top of 70002 at 252.1 cm below the lunar surface. Due 
to various factors such as mechanical compaction, this figure is only a close 

approximation. The drill string, with a total length of about 294.5 cm, has 

three major stratigraphic units: an upper, coarse-grained, basaltic unit, 107 

an thick; a middle, fine-grained zone 56 cm thick, high in anorthosite; and a 
lower zone of alternating coarse and, fine basaltic and breccia material, 131.5 

cm thick. It is of the lower major unit which core 70002 is part. The Apollo 

17 drill string was taken about 40 meters north of the ALSEP central station. 

SAMPLE HISTORY 

Upon extraction of the drill string from the drill hole, the string,was 

separated into three segments for packing. Drill stem 70002 was the bottom 

stem of the deepest segment, but was not separated at either joint until it 

was received in the lab. Burrowed end samples were taken totaling slightly 

more than 7 grams. Based on a length of 36 cm and weight of 207.8 grams, 

the end samples are equivalent to about 13mm of soil column, which left 34.7 

cm of soil column in the tube. 
On December 1, 1976, the drlll stem was longitudinally split on a milling 

machine. Previous to this operation, the drill stem was fitted with a special 

plug for a thermoconductivity experiment. This plug protruded ~ 1 0  m from 

the tube opening and was subsequently forced further into the tube due to 

requirements of the milling operation. 

The "upper" split half was 1 ifted off the soil column after the "lower1' . 
split half was affixed in a troughed dissection table on December 2, 1976. 

As lifting began, it could be seen that soil in the higher (stratigraphically) 
half of the split half was remaining in that portion of the tube. This 

occurred on 60003 with favorable results and it was hoped that successful 

repetition on 70002 could be attained. Very close to 50% of the soil re- 

mained in the upper split half from 2.8 to 18 cm on the local datum scale. 

The stratigraphically highest end of the tube was, by convention, set 

to the zero cm mark on the scale. The upper soil/plug interface thus became 



SAMPLE HISTORY (Cont Id)  

established a t  the 2.8 cm mark and the lower interface a t  36.2 cm. The 
length of so i l  column i s  3 3 . 4  cm, which indicates that  2.6 cm of column was 
"lost" by compaction and early sampling. 

PREDISSECTION DESCRIPTIONS 

From X-radiographs of core 70002, twelve units were interpreted on the 
basis of s i ze  distributions and inferred compositions. (See attached chart.) 
Examination of the exposed surface revealed a t  least  f ive tonal units. No 
tonal differences could be detected-.on that  portion of the d r i l l  stem which 
d i d  not s p l i t  into each part of the split tube. The overall color was 10 YR 

3/1 on t!unsell's Color Chart. 
Variations i n  the gross surface texture as seen i n  the development of a 

r ind  of compacted so i l ,  give some indication of changes i n  physical properties 
of the underlying so i l .  This information, integrated w i t h  the x-ray data, i s  
the sole basis for  establishing preliminary units on that  portion of the core 
which no tonal differences are  apparent. The soil  matrix is about 6 p h i  or 
16 microns. 

PROCESSING PROCEDURES 

Certain departures from the standard dissection procedure was necessary 
i n  order t o  process th i s  d r i l l  stem. In accordance w i t h  the precedent se t  by 
d r i l l  stem 60003, that  portion of the soil  remaining i n  the upper split half 
was stored away for  future dissection. Dissection of the soi l  in the lower 
half was begun a t  the upper end. Standard 5 rnm intervals were taken except 
where breaks i n  tonal contrast were well-defined. A t  these contacts, e f for t  
was taken to  keep from mixing soil  types. Special samples were taken i n  the. 
13 t o  14 cm area, due to  the sloping contact and interfingering nature of the 
zone. Red l igh t  samples were taken a t  21 and 33 cm and a lead-free sample 
was taken a t  21 cm. More red l ight  samples will be taken i n  the dissection 
o f  the upper half. This i s  necessary due to  the sample size differences. 

Unusual or large particles transcending interval boundaries were s e t  aside as 
special samples. Where possible, large particles were located on a diagram of 
the interval i n  order to record orientations. All particles not passing through 



PROCESSING PROCEDURES (Con t ' d 1 

a 1 mm sieve were classified, photographed, and separately containerized for 
each dissection interval. Voids created by extraction of large particles ex- 

tending below standard dissection level were maintained if possible. It was 

necessary to remove these large particles in order to obtain a peel sample. 

After peeling, the soil remaining in the trough of the split drill stem was 

impregnated with epoxy under vacuum conditions. The impregnated core was 

then encapsulated with more epoxy in a mold. This mold provides for ease 

o f  handling in making thin sections from the impregnated core. . 
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- ' I ~ Y S I S  OF DATA 

I - - - 5 =? 7 - -  -: 
The col lec ted  quant i ta t ive  data consis ts  of the weights of the f i n e  f r ac t ion  

f l  - .  - - -  - - - -  . .  
and coarse f r a c t i o n  of each in terva l ,  plus the weights of special  samples. In 

- iddi t ion ,  frequency couuts of  pa r t i c l e s  i n  the coarse fract ion were taken in threl 
--. . - 
size ranges - 1-2 IUD, 2-4 mm, and grea ter  than 4 m m .  Each s i ze  range is a l s o  
2.; : '  ' 

divided -&to seven. compositional types . Frequencies a r e  computer-norrnaliz ed to 
- .  
the standard i n t e r v a l  width and average weight. Graphs of normalized frequencies - .- - . .  - 
.. -. - -  - 
versus depth are plot ted  i n  e igh t  groppings: by compositional type f o r  each of 

I - = = -  - _  - 
i 
, the t h ree  size ranges; by compositional type f o r  the combined sizes;  by combined 

-. - - . . 

/ ,,paitions fa tach  of the three s izes;  and by combined coapositions f o r  the  

i .combined size ranges. When combining s izes ,  .scale f ac to r s  a r e  used. I n  addi t ion - - e c -  --. . . . 
'& t h e  frequency graphs, a weight percent coarseness indicator  i s  plotted*. The 

I . - -=_.. C -  . : 
pexen tages  are comput&3 bg dividing the weight of material  g rea te r  than 7 m in 

:. - .  --- - I ' ' : &zb-bg G i g h t  of a l l  t h e h a t e r i a l  per  unit .  
- - - . -  ---- - -  - -  

Bia. & introduced by the sampling s i ze -o f  the drill stem, in t h a t  the  pressn 

I e - . - . - - . - - - c - - - . -  - - . 

of'. ~ ~ i c l e  approaching tube diameter in s ize  eliminates the poss ib i l i ty  of 

I 
:- . --. 

occurence o f  a t h e r p a r t i c l e e .  Other s t a t i s t i c a l  e r r o r  is brought about by the 
- - e + - - - - - -  - - 

disc&* size c a t e b r i z a t i o n ,  ra ther  than a continuous s i z e  measurement of each . 
' p a r t i c l e ,  Thin e m r  is demonstrated by comparing the weight percent coarseness 

graph vith the combfned composition/ combined s izes  graph. The lack  o f  congruence 

that can be seen is p a r t i a l l y  due to t h i s  "pidgeonholen e f f e c t  and p a r t i a l l y  due 

fa general izing assumptions t h a t  had t o  be made in order t o  combine the d i sc re te  

elze categories ,  Other biases o r  e r ro r s  include - sampling below standard 

I dissec t ion  l e v e l ,  measurement e r ror ,  aesumptiona of uniform density,  and rids- 

c h s a i f i c a t f o n  of i l thology.  Bearing these l imitat ions in mind, in terpre ta t ion  

of the constructed graphs was not atten.pted a t  the order of resolutoion provided. 



.. . - . C-SITIONAL DESCRIPTIONS 

Seven compositional cakegories were used t o  c lass i fy  pa r t i c l e s  greater  than 
-. 

- .  - 
? = grain size: anor thos i t ic  breccia (ANBX) ; agglutinates (AGGL) ; dev i t r i f i ed  

or.partl~~~--crystailized glasses  (PxGL) ; recrystallized o r  high-grade breccia 

(e) ; vesicular,  droplet ,  o r  fresh glasses (VSGL) ; s o i l  o r  low-grade breccia 

(SEE); and basaltic o r  c rys ta l l ine  rock fragrcents (BsRF'). O f  these seven, SOBX 

f i b f a r  the most abundant. 
- - - -  
'I& category nBSRFn includes any pa r t i c l e  which is apparently no recrystal- 

- - - - - 7  - - - - - -  L 

&d ma&rial, but  is p o l y c r y s t a l l ~ ~  and contains p lagiochse  and pyroxene. 

Z;I practice,  sane of the smaller pa r t i c l e s  classif ied as BSRF' s may be mono- 

ndnerafifc. U a o ,  many p s r t i c l e s  a re  s o i l  o r  glass coated to the point of being 
- - - - - -  - - - - - -  - 
b u d y  recognizable. Some m i l  coated BSRFts may have been  isc class if fed a s  

8 . - 
S B X ~ I S  fox: tbis reason. Most occur a s  f a i r l y  equant chunks with coarseli- 
- - - A -  - -  - -  - - 
tetrtared surfaces. When the  rough pockets in  the surface are f i l l e d  with s o i l ,  
- . -- 
i;fiey are eas i ly  mistaken f o r  the equant, smooth-surfaced SOBXfs. Effor t  was - . - - - -  - 
tahen t~ remove as m c h  loose s o i l  a s  possible SOEEls without s igni f icant ly  

- --- - 
wgi& the nonnallg f r i a b l e  SOBX1s in the process. Some BSRP'e have shocked 

- -  - 
plagloclase o r  a ~ o r t h o s i t i c  material. ANHX's may be derived d i rec t ly  f r o m  

- - -  . 

tbfs sourze, i n  which case they are  more l i k e l y  t o  display some evfdence of 
- .  

crysfxi. structure. When found a s  c l a s t s  in  SOBXf s, they tend to  be sugary in 
.. . - .  

. fiektum; Some p a r t i c l e s  c l a ss i f i ed  a s  'hBX"may e i the r  be a o i l  coated ANBXf s . 

o r  ano&hositic c l a s ta  f r o m  broken S013Xfs. SOBX'S therefore, exclude white, 
. - -  - .  - - 

sugary G s s e s  of supposed anorthosi t ic  material, even though the only d i f fer -  
. .  . 

en- may be the color  of the s o i l  ~ a t r i x  in which'i t  i s  formed. nSOHXn r e f e r s  
. - - .  . - 

to a par t i c l e  of welded, non-white s o i l  matrix. Welding may have been b r o q h t  
. - 

about-by heat, pressure, small amounts of molten glass, o r  some corr~bination of 

them. When glass weldirlg c lea tcs  a sore gpindly par t ic le ,  it is considered 

to be au "AKL~' ra ther  then a more rnoaoivo and rounded SOBX. - SOIX'e a m  U R U R ~ ~ : ~  



friable and occaeionally break open to reveal an interior of  crystalline mash. ' 

Others simply disintegrate when broken. Certain SOBX1s are distinguished as 

medium grade i n  that they are tougher and seemingly transitional to the categoly 

of m, nWLgXn is an angular, waxy-appearing particle that would seem to 

be the high grade equivalents of SOEX or ANBX. "PXGLW is  somewhat skilar in 

appearance to RXX, "but readily distinguishable by a duller surface luster and 
m 

glass fracture ahape characteristics, as it is  a devitrified form of VSGL, 

*VS4Zm refers to fresh,' vitreous g lass ,~hfch  occurs as  beads, shards, or coatings. 

It k t  often fotmd a s  coatings on SOBX and causes some difficulty in classifica- 

tion, as SOBX may be glass welded. 



ClESCRIPTION OF PHYSICAL TJFECS 

D r i l l  stem 70002 has seven d i s t inc t  tona l  units.  F'urther subdivisions 

have been determined by minor variations i n  tonal  appearances, corroborated 

by s ize  and compositional frequency variations, plus a wet tab i l i ty  o r  cohe- 

s i v i t y  f ac to r  as  evidenced i n  the  core peel.  Severe bias  may have occurred 

above the  19 cm mark due t o  a much smaller sampling s ize .  Tonal variations 

a re  more heavily r e l i ed  on above 19 cm f o r  t h i s  reason. 

Unit I (31.7 - 36.2) i s  moderately coarse, with about 78% matrix by 

weight. ( ~ e f e r e n c e s  t o  "matrix" ref& t o  t h a t  f ract ion of t he  s o i l  l ess  than 

1 mm i n  s i ze .  ) Large pa r t i c l e s  i n  the  greater  than 4 mm s ize  range are  common. 

Frequencies i n  th? 2-4 mm s i z e  range a re  constant, while those of t he  1-2 mm 

s i ze  range vary between sub-unit s . The crystal l ine (BSRF) material frequencies 

are qui te  high. Small clods of pure white anorthosite (ANEX) occur throughout. 

The overal l  tone i s  moderately l ight  i n  a pronounced whitish o r  more neutral  

shade. This unit  may continue downward with the d r i l l  b i t  units as sub-units. 

Unit I -A (33.7 - 36.2) i s  74% matrix. Cohesivity i s  high. A large peak i n  

BSRF frequency marks the  upper contact. The tone may be s l igh t ly  l igh ter  

than i n  un i t  B. 

Unit I-B (31.7 - 33.7) is  85% matrix. Cohesivity i s  somewhat low. BSRF and 

I SOBX occur i n  about equal quant i t ies  . The basal portion contains a notable 

amount of glass  . 
lhit I1 (24.5 - 31.7) i s  moderately f ine,  with about 8@ matrix. Mrge . 

par t ic les  a re  not as  common a s  i n  Unit I, but  occurrence is  s t i l l  regular.  

Frequencies of the 2-4 mm par t ic les  are low but constant i n  the  two lower sub- 

units, then abruptly increase and gradually decrease t o  a low leve l  a t  t he  top.  

The 1-2 mm frequencies are  considerably variable, but generally occur i n  fkwer 

at sub-unit contact zones. SOBX dominates a l l  other compositional categories.  

The overa l l  tone i s  moderately dark with a s l igh t ly  browner o r  oranger color 

than in Unit I. 

Unit 11-A (30.2-31.7) is  835 matrix. Cohesivity is. qui te  low. Occassional 

lenses of dark s o i l  a r e  seen. A l l  s ize  ranges have s tab le  frequencies. SOBX 

i s  dominant with minor amounts of BSRF and ANBX. Tone is  f a i r l y  even. 



Unit 11-B (29.2 - 30.2) is 91% matrix. Cohesivity is low. No large par t ic les  

are present  i n  the  greater than 4 mm size  range. Peaks i n  both the  1-2 mm 

particles and VSGL occur a t  t he  top. The tone i s  s l i gh t ly  darker. 

Unit 11-C (27.0 - 29.2) i s  81% matrix. Cohesivlty i s  moderately high. The 

t o p  por t ion  is  coarser due t o  increases i n  both the 1-2 mm and greater  than 

4 mm frequencies. The tone is  l ighter .  A strong VSGL peak is found a t  the  top. 

Unit 11-D (24.5 - 27.0) is 92% matrix. Cohesivity. is low. The lithology is  

varied,  but SOBX i s  dominant. Blebs of white s o i l  seems t o  be sprinkled in .  

The tone  is s l i g h t l y  darker. . 
U n i t  I11 (16.1 - 24.5 ) i s  fine-grained, with about 93% matrix. Very few 

particles a r e  greater  than 4 mm i n  s ize .  The frequencies of t h e  2-4 mm g r o q  

are var iab le  from in te rva l  t o  irrterval, but gradually increase upward. The 

1-2 mm frequencies a re  s imilar .  The lithology is varied with SOBX only s l i g h t l y  

dominant. BSRF i s  uncommon except near t he  top where ANEX is  a l so  notabie . 
The o v e r a l l  tone i s  dark with a lightening near t he  top due t o  s t r ingers  of 

white ANBX. Cohesivity i s  low throughout. 

Unit =I-A (23.5 - 24.5) i s  97% matrix. This is  a mixing zone between Units 

II and 111. The tone i s  mottled. A significant peak i n  VSGL occurs a t  t he  top. 

Unit I I I - B  (20.9 - 23.5) is 9f i  natrix.  Frequencies a r e  very low. No composi- 

t i ona l  trends a r e  evident. Tone i s  homogenously dark. 

Unit 111-C (18.2-20.9) i s  92$ matrix. Frequencies broadly peak a t  mid-unit 

due t o  contributions from SOBX and VSGL. The tone is  dark with f a in t  l ines  of 

l i g h t e r  material. 

Unit 1 1 1 - D  (17.7 - 18.2) i s  92qd matrix. ANBX frequencies are high and are  seen 

i n  the prominent lenses of white so i l .  The tone i s  l igh ter  due t o  these lenses.  

Unit 111-E (16.8 - 17.7) i s  92$ matrix. ANBX lenses a re  not as prominent. 

AmBX frequencies a re  s t i l l  re la t ive ly  high. 

Unit 111-F ( 16.1 - 16.8) i s  94% matrix. AmBX is not found. BSRF and SOBX 

occur evenly. The tone i s  evenly dark. 



Unit IV (14.0 - 16 . l )  i s  moderately f ine  t o  moderat l y  coarse with about 

81% matrix. Frequencies a re  highly variable, possibly due t o  the  small sample 

s i z e  in  t h i s  port ion of t he  core. BSRF, VSGL, and SOBX a re  common. Cohesivity 

i s  moderately low. The tone i s  l igh t  with one lens of orange s o i l .  

Unit IV-A (15.2 - 16.1) i s  88$ matrix. This sub-unit contains the  bleb of 

orange s o i l .  The composition of the sub-unit is  mostly VSGL and SOBX. The 

tone is evenly l i g h t .  

Unit IV-B (14.0 - 15.2 ) i s  7546 matrix. The w r  par t  contains a large pa r t i c l e  

which may be e i t h e r  a SOBX or  a BSRF. The coarseness index i s  very high due 

t o  t h i s  one p a r t i c l e  and t h e  small simple s ize .  The tone i s  s l igh t ly  darker and 

cohesivity s l i g h t l y  higher than i n  IV-A. 

lhit V (6.6 - 14.0) is  fine-grained with about 92% matrix. Both the  1-2 

and 2-4 mm groups a re  stronger a t  the  bottom, while t he  1-2 i s  stronger than 

the  2-4 a t  t he  top.  The reverse i s  t r u e  i n  the  middle. Lithology i s  var;led 

wlth a notable consistency of ANBX. Cohesivity increases upward as  the tone 

l i g h t  ens . 
U n i t  V-A (12.4 - 14.0) i s  8 9  matrix. T h i s  sub-unit i s  an interfingered zone 

of mixing between uni ts  IV and V. It d i f f e r s  from sub-unit 111-A i n  t h a t  t he  

lenses a r e  well-clef ined and e i the r  l i gh t  o r  dark with def in i te  boundaries. 

Some evidence suggests a sloping contact. Cohesivity i s  low. 

Unit V-B (8.9 - 12.4) i s  94$ matrix. The 1-2 mm frequencies increase upward 

and the  2-4 mm have a broad peak i n  the  middle. SOEX i s  dominant with ANBX 

an accessory. Tone and cohesivity a re  both medium. 

Unit V-C (6.6 - 8.9) is  91% matrix. Frequencies i n  the  1-2 mm s ize  range show 

a broad cent ra l  peak. VSGL and ANBX peak a t  the  top. Some orange-tinted SOBX 

i s  present.  The tone . i s  very l igh t  with one large, pure white lens. Cohesivity 

i s  very high. 

Unit VI (3.8 - 6.6) is  fine-grained with 91% matrix. The 2-4 mm par t ic les  

occur only i n  the  upper part. Lithology i s  variable. The tone i s  evenly dark 

with a few small pure white blebs. Cohesivity i s  very low. 



Unit VII (1.5 - 3.8) i s  very fine-grained with 95$ matrix. Frequencies 

of t h e  1-2 mn p a r t i c l e s  a r e  f a i r l y  high however. The lower contact  i s  s l i g h t l y  

coarser with a few 2-4 mm p a r t i c l e s .  Conrposition i s  mostly VSGL and SOBX. 

The tone is l i g h t  with an  in te r f inger ing  contact  zone between 3.3 and 3.8 cm.  

The cohesivi ty  i s  high. 




