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The information contained w i th in  t h i s  catalogue consists o f  the i d e n t i f i -  

cat ion and descript ion of th@ 4-10 nun Sieve fract ion (coarse f ines) fm 

the s o i l  samples col lected during the 8pollo 14 mission. These s o i l  s a w  

ples were col lected as par t  o f  the Contingency, bprehensiwe, Bulk and 

Trench samples. Also, sane o f  the residues from the weigh bags were 

sieved and the 4-10 m f rac t ion  separated. 

The s o i l s  were, f o r  the most part, sieved during the PET phase o f  i n i t i a l  

processing, but the coarse f ines were not described i n  de ta i l  a t  tha t  

time. Recently, examination and descript ion o f  the 4-10 m f ines were 

carr ied out i n  nitrogen-f i l led, stainless steel  cabinets during a general 

re-examination o f  the Apollo 14 sample co l lect ion a t  the Lunar Curatorial 

Fac i l i ty ,  Johnson Space Center. Each pa r t i c l e  was held between forceps, 

dusted i n  a j e t  o f  N2, and placed on a teflon-covered stage. They were 

examined with a binocular microscope, separated by l i thology, and the 

l i t ho log i c  types described. 

Because of the re la t i ve l y  m a l 1  quanti ty o f  4-10 mm material returned by 

Apollo 14 (154 gm), it was possible t o  describe a l l  such par t ic les fo r  

inclusion i n  t h i s  document, Weights o f  indiv idual  par t ic les i n  th i s  

f ract ion range from about 0.10 - 0.50 gm, large enough i n  size f o r  

several studies (age, chemistry, petrology). 
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Apol la 14 astronauts A l a n  Shepard ctnd Edgar Mitehe1 1 landed a t  the Fra 

bum S i t e  (caortlinates 3*4Q'24" S. Latitude, 17O27'55" W. Longitude) on 

February 5, '19n. The lunar module (LH) landed i n  a broad, shallow 

valley, approximately 1100 meters west o f  CQne Crater and 500 k i l a m t e r s  

from the edge o f  Mare fanbrim. The prime objective of the d s s i o n  wus 

to sample the Fra Wuro formation by col lect ing samples o f  the ejecta o f  

Cone Crater. 

The F m  h r o  formation i s  an extensive unit  t h a t  i s  distr ibuted 

rad ia l l y  around the Imbrium Besin. It i s  thought to be purt o f  the 

ejecta blanket that  resulted from the excavation o f  the Basin (Gilbert, 

1893). Because of the size o f  the Bafin, the pm-mission b e l i e f  was 

that  some ejecta may have come from deep (tens o f  ki1ometers)'within 

the or ig inal  crust. Stratigraphic relat ions a m n d  the margins o f  the 

ImBrium Basin indicate that  a number of s i g n i f i c m t  geologic events 

occurred a f t e r  excavation o f  the Imbrium Basin and before o r  during the 

l a t e r  f i l l i n g  by Mare material (Baldwin, 1963; Wilhelms, 1970). These 

included the formation o f  large craters such as Archimedes, emplacement 

o f  re la t i ve l y  l i g h t  (prenare) plains materials and formation of the 

Orientale Basin. Materials ' f rom these post-Imbrium events may also be 

present a t  the Fra Mauro s i t e  (Schonfeld and Meyer, 1973). Samples from 

Apoflo 14 s i t e  are, therefore, older 

and Apollo 12 sites. 

The ridges o f  Fra Mauro formation i n  

mostly 1-4 km wide, a few t o  several 

than those taken a t  the Apollo 11 

the v i c i n i t y  o f  the landing s i t e  are 

tens o f  meters high and 5-10 times as 
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long as they are wide, TRe ridges are sl4ghtly sinuous and roughly radial 

to tb Imbrium Basin. These ridges are thought to ham feraed by matedal 

flm, proQably fragmental rock debris, radially along the ground during 

excawatfan o f  the Basin ( S m n  et.al., 1971). Alternatively there ridges 

are thought t t ~  be mused by collisions of seamdary ejecta during the 

Imbrtm event (Morrison and Okrbeck, 1975). Cone Crater i s  sfkurted on 

one of there ridges. I t  i s  a sharp rim :d, relatively young, crater appra- 

xinmtely 340 meters i n  diameter. Ejecta material range up to 15 meters 

i n  sfte. Lunar orbital photographs indicate that Cone Crater penetrates 

below the fine grained lunar regolith into a b l o w  or bedrock substrate 

(Swann et.al., 1971). f t  was anticipated that this substrate would be 

fmbrium Basin ejecta material i n  its original form. 

Analysis of photographs 1.. the Cone Crater boulder field and comparison o f  

these with returned samples indicate that the Fra Mauro formation is com- 

posed primarily of moderately coherent breccias i n  which dark l i th ic  

clasts, up t o  50 em acrosss and less abundant l i g h t  clasts set i n  a l i g h t  

matrix (Swann, et.al., 1971). 

The Ape1 10 14 astronauts traversed three photogeologic map u n i t s  during 

the two EVA'S: (1) a l'smooth terrain" u n i t  on which the LM landed that 

i s  relatjvely level over distances of one t o  a few kilometers, densely 

populated w i t h  subdued craters causing the surface to be undulating, 

(2) slopes o f  a cratered ridge o f  the Fra Mauro. formation which has slope 

angles of a t  least 10' - Eos and (3) the blocky rim deposit of Cone Cra- 

ter which i s  densely strewn w i t h  blocky ejecta, 1-15 meters i n  size. I t  

is nresumed, using terrestrial crater , analogs (Gault &.at. , 1968) t h a t  

aJel;ta closest t o  the rim o f  Cone Crater are derived from the greatest 



depths and t h a t  a mixture o f  e jec ta  fram d i f f e r e n t  depths occurs i n  

blocky rays t h a t  extend outward from the crater .  

c ra te rs  are s i tua ted  between the landing s i t e  and Cone Crater. 

c ra te rs  have penetrated i n t o  the r e g o l i t h  i n t o  mater ia l  t ha t  Sutton et.al. 

(1972) consider t o  be Fra Mauro. The e jec ta  from these c ra te rs  may be 

tepresented by samples from Sta t ion  G and f l ,  as we l l  as by the Compre- 

hensive sample (see Figure 1). 

Doublet and T r i p l e t  

These 

The astronauts made two traverses from the LM. 

they s e t  up the Apol l o  Lunar surface experiment package (ALSEP) , co l lec ted  

the Contingency, Comprehensive and Bulk samples, as we l l  as two " foo tba l l  

s ize"  rocks. 

tak ing cores and grab samples enroute, and returned t o  the LM, c o l l e c t i n g  

add i t iona l  grab samplps, cores, and s o i l s  f r o m  a shallow trench. 

During the f i r s t  EVA, 

On the second EVA, they traversed t o  the r i m  of Cone Crater, 

Although the texture o f  the r e g o l i t h  o f  the Apollo 14 s i t e  i s  s i m i l a r  t o  

those a t  the Apol lo 11 and Apollo 12 landing s i t e s ,  a greater v a r i a t i o n  

ex i s t s  i n  the character izat ion o f  the s o i l  a t  depths o f  a few centimeters 

( Apol 1 o Program Summary Report, 1975) . No d i  f f i cu i  t y  was encountered i n  

digging the trench i n t o  the rego l i t h .  The layer ing  o f  the trench showed 

a dark, f i n e  grained mater ia l  under la in by a th in,  glassy layer  t h a t  i s ,  

ir: turn, under la in by medium t o  coarse-grained sand s ize  mater ia l .  How- 

ever, due t o  the low cohzsion o f  the s o i l  a t  the trench s i t e ,  the wa l ls  

o f  the trench caved i n  a t  shallow depths causing a mixed sampling o f  the 

layers. 
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The fo l low ing  i s  a l i s t  o f  terms used i n  the b inocular  descr ipt ions o f  
i nd i v idua l  samples : 

TEM CHARACTERISTIC - 
Cavi t i e s  

w s  
ves i c 1 es 
c rys ta l s  

Coherence 
Intergranular:  

very f r i a b l e  
f r i a b l e  
coherent 

tough 

Fracturing: 

absent 
few 
numerous 
non-penetra ti ve 
penetrat ive 

Component 

p l  agi oc l  ase 
i lmen i te  
opaque 

Surface 

pyroxene 
c l a s t  

glass 

i rregu 1 a r  
granulated 
smooth 
hackly 

DEFINITION AND COMMENT 

Not t o  inc lude merely surface e- 
l a t e d  features such as c l a s t  molds. 

p ro jec t i ng  o r  1 i n i n g  mater ia ls  

grain-to-grain coherence 
crumbles under manual pressure 
crumbles under manual pressure 
must be s t ruck t o  disaggregate 
grains 
breaks across grains ra ther  than 
around them 
terms combined as needed f o r  a 
f u l l  descr ip t ion  

v i s i b l e  on opposing sides 
igneous rocks, breccia and f ines  
i s  appl icable 
l i g h t  grey and white ( i f  shocked) 
black opaque submetal l i c  
used when opaques other than 
i lmeni t e  are present, bu t  
quan t i t a t i ve l y  inseparable 
amber t o  honey brown t o  dark brown 
see c l a s t  descr ipt ions f o r  d e t a i l s  
o f  various c l a s t  l i t h o l o g i e s  
dark green t o  black noncrys t a l  1 i ne 
s i  1 i cate ma t e r i  a1 

general ly a f resh ly  broken 
surface 
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CHARACTERISTIC 

Zap P i t  

* FRM DEFINITION AND COMMENT - 
ylass covered (%) 
grooved f o r  slickenside-1 ike  surfaces. 
none 
few <10/cm2 
many >10/cm2 

e.g., glass 30% o f  E and 10% of T 

none seen i n  quick scan 
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14004 
Continpency Sample Coarse F i ne2 

The Contingency Sample was col lected a t  the beainning o f  the f i r s t  
EVA 8-10 meters from the M. The sample was scooped i n t o  the Con- 
tingency Sample Bag and placed on the ladder o f  the LM. A f te r  the 
f i r s t  EVA the Contingency Sample was transfer*d i n t o  the LM. There 
i s  a p o s s i b i l i t y  that  some Jf the sample may have s p i l l e d  out onto 
the f l o o r  o f  the LM. 

"04 18 32 01 LMP: Oh, oh; A l l  o f  the contingency -- the 
disposal containers j u s t  f e l l  out on 
the f l oc r ,  Just a minute ...I' (Apollo 
14 Voice Transcript) 

It was discovered 
was leaking. The 
Weigh Bag 1039 wh 

tha t  the Contingency Sample Bag had ruptured and 
crew then placed the Contingency Swple Bag nto 
ch contained the Comprehensive Sample rocks. 

Later, the Contingency Sample was sieved and the 4-10 mm f rac t ion  

numbered 14004. 
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18004,3 

Dark b t r i x  Breccia 
3 particles, 0.96 grams 

Coherence: Tough 
Shape: Angular 
Surface: Sugary 
Color: Light tan 
Mineralogy: 80% feldspar; 18% orthopyroxene; 2% opaque. 
Remarks: Grain sine = 0 . h  

Equigranular texture 




























































































































































