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Rain, winds and haze during the Huygens
probe's descent to Titan's surface

M. G. Tomaska', B, Archinal®, T, Becker”, B, Bazard”, M. Bushroe!, M. Combes”, D. Cook”, A. Coustenis”,

€. de Bergh®, L E. Dafoe!, L. Doose', 5. Douté®, A, Eibl', 5. Engel', F. Gliem”, B, Grieger”, K. Holsa!,

E. Hnwirlg'nn—l(rnu::, E. Karkaschka', H. U, Keller®, B. Kirk”, B. Kramm"® b Kl'jpper.-h", P Lnnngml', E. Lellouch®
M. Lemmon’, I, Lunine'™ E. McFarlane’, ). Moores', G. M. Prout’, B, Rizk', M. Rosiek”, P, Rueffer”,

5. E. schrider™, B, Schmitt’, C. see!, P. smith, L. Saderblom?®, N. Themas™ & R, West™

The irreversible conversion of methane inte higher hydrocarbons in Titan's stratesphere implies a surface or subsurface
mathane reservoir, Recent measuremaents from the cameras aboard the Cassini orbiter fail to see a global reservoir, but
the methane and smog Ih Titan's atmesphere impedes the search for hydrocarbons on the surface. Here we report
spectra and high-resolution images obtained by the Huygens Probe Descent Imager/Spectral Radiometer instrument in
Titan's atmesphere. Although these images do not shaw liguld hydrocarben pools on the surface, they do reveal the
traces of once flowing liquid, Surprisingly like Earth, the brighter highland regions show complex systems draining into
flat, dark lowlands. Images taken after landing are of a dry fverbed. The infrared reflectance spectrum measured for the
surface is unlike any ather in the Solar Systemg there is a red slope in the optical range that is consistent with an organic
material such as tholins, and absorption from water ice is seen. However, a blue slope in the near-infrared suggests
another, unknown constituent. The number density of haze particles increases by a factor of just a few from an altitude
of 150 km o the surface, with no clear space below the tropopause. The methane relative bumidity near the surface is 50

per cent.

The surface of Titan has long been studied with sarious instruments,
including these on the Hubble Space Tdescope (HST) and ground-
bt adaptive aptics systems’. More recently, Cassint imvishigations
using the charge-coupled device (O camer2®, the Visible and
Infrared Mapping Spectrometer | VIMS) instrument”, and the Radin
Dietection and Ranging (RATIAR) imaging system® have provided
mare detailed views of Titan's surface in the hope of revealing how
the rethane in Titan's atmesphere is replenished from the sarface or
interior of Titan, OF the Cassini imagers, the Imaging Science
Subsystern (155) camera is potentially capable of the greatest spatial
resolution, but Titar's ohscuring hawe limits its resolution on the
surface toabout 1k, 2 value roughly similar to that available from
VINS arud the radar imaging system. At this resolution, the hright
ared darde regions observed on the surface of Titan have proved
difficult o interpret. Ching 1o 1ls proximity o the surface, the
Diescent Imager! Spectral Radiometer (5K ] camerm on the Hoygers
prohe was capable of a lmear resolutinn of some metres from a
hiight of 1dkm. In addition, the lower the probe descended, the
less haze lay between the camera and the ground. The DISE was
capable of linear resolution orders of magnitude beteer than has
beenn available from orbit, altheugh of a much smaller portion of
Titan's surface, Also, 4 lamp was used at low altitude to measwe the
continuous reflectance spectrum of the surface without the compli-
cations introduced by ohservations through large amounts of
it and el base,

I auddition o stadying the swrface of Titan, the DISR ook

measurements af solar radiation mothe atmogplhere. Spectrometers
loaking upward at continuum wavelengths {between the major
methane absorptions} as well a5 dowmard mesured the vertical
distributon and wavdength dependence af the aemsol haze opaaty
Measurements of the polanization of light at a scattering angle of S0°
comstrained the smal| dimension of the haze particles. Measurements
af the brightness in the solar aurenle around the Sun determined the
projected aren of the hare particles. Observations in the methane
hands detenmined the methane mole fraction prodile.

Tata collection during the descent procesded mostly, although not
eactly, & planmad. Turbalence during the first lalf of the descent
tipped the probe more rapidly than expected, cansing the Sun sensor
i rernain bocked on the asimuth af the Sun for only 2 fow sucoessive
rodations at & time, Below about 35 ke, the sgmal from the direct
solar bearm was lost by the Sun sensor oving o the unespectedly bone
ternperature of this detector. Thee effects cansed data from each aoff
the DISE sub-mstruments to be collected at mestly mndom, instead
af specific, aximuths. Additiomally, the probe rotated in the intended
direction for only the firss ten minutes hefore rotating in the opposite
sense for the rermainder of the descent. This resulted in inefective
haffling of the direct solar bearn for the upsand-looking visible
spectrometer and the solar aurenls camera, Consaquently, some
measurements made by the solar aureole camera are saturated, and
the separation of the direct and diffuse solar beams in the visible
spectral measurerments must be postponed witil & good model of the
probe attitude versus time i available, Fally, the loss of one of
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the v radio commumication channels i the probe recaver aboard
the orbiter resulted in the loss of half the images as well as several
odher low-altitude spectrometer measurements.

Diespite tlwse mistortunes, the DESR instrument collected 2 unigque
and very useful data set, Tmages of the surface with unprecedented
resodution were collected over the houndary between bright and darkc
terrain seen from the orbiter, Owing to redundant transmission ouver
hath communication chanmels during mostof the descent, almest all
aof thee spectral and selar aureole shservatinns were received, A vy
large set of high-quality spectes were obtained witl good altitude
resedution and with good coverage 0 azirmuth both 2way from and
towwards the Sun. The mmages, the spectm, the Sun sesor pulses, the
recording of the gam in the Casam mdio recerver, and infrrmation
froom Very Long Basddine Interferometry {VLEL charvations from
Earth together will permit reconstruction of the probe artitmde
relative to the Sun as a function of time during the descent, enahling

Figmre 1| View of Tikan from 34 kmoabove Bs surface. Figh-altivade (49
20 kan | panorantic nbasiie comdnected fram the DISE High wad Modium
Reanlution Imagers (FRT and MRT) as projected from 34 km, The
preliminary ground-irack solution (indicated as small white poinis an
gmomonic graund projection) represents the lootion of the prabe when
duia were collected; narth poinis up; scale indicated {although subsequent
analysls indicates that marth Bes some 5= 167 o the kit of stralghe ap s this
ansd ihe two suhsequent figures), Starting frem che first surface image ai
49 ks, the probe smoves 1 cast-maribeoastwardly dircotios 4t an initial
apeed of 20ms ' Reighter regions separated by lises oe lincanents of
darker material are e
cirde imdicates the nwiline of the mect-lowsest pan, in Fig E The mathod naed
fior camatraction af panaramic mossics incorporates knowdedye af the
probe's spatial location (lengiuwde, latitude and aliitude) and aeivede ol
phich and yaw b a sach image. With the cxcepilon of alilinde, previded by the
Huygens Atmaaphernic Structiure lnstrument’ ' presure sensor, ane of these
warlahles was direcily measwred. They are fownd ihreugh an lieraslve process
i which 4 pasaris B created, providing i iproved ground-track and
il maended, which resalis i an wpgraded esjecioey, which can impove
orama, amd o an, The currend lack of pitch and rall knewledge
cnnatitutes the main source of error i the current compasitian and qualiey
ol the panoramas as well 2= the ground-irack and wind speed deierminazion
reported helow. Vigaraus contrast-stretching in the images is required o
revead details washed out by the haze particle dessivy ail all altivedes in
Inmulmusplun_ This cantraststretching also displays the oocaslsmal
winging ul the Decrete Cosine Transfarm dala compressars, which appear
regulir lines af bright and dark patterns, partioalady i the MR images.

T

‘n obviomns crater-like fetures are vishle, The
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a full analyias af the spectral data, The large umber of solar aureole
measurermnents incladed srveral acquined near the Sun and many
FnL‘ui:'.ltinn mensurements opposite to the Sun. The surface science
amp worked exactly as planned, permitting surface reflection
edsurernents even in strong methane ahsorption hands. Operations
after landing, inchidad the collection of successive images as well as
spectral reflectance measurements of the surface illuminatad by the
Lamp Frowm an assumied height of rougldy 30 em

Takin together, the new ohservations shed substartial light on the
ol played by rrocthunme in forvming the sudface of Titan and low it is
recycled mio the atmesphere. The substantial rdatve hurmding of
methiane at the surface and the obviows evidence of fuid Dew on the
surface provide evidence for rn.Lipanﬁu:m of methane onto the
surface and subsequent svapamtion ‘>nrm. indicatinrs of ervosnl-
canic flowes are also seen. The vertical ribution and aptical
F|I'!'\]'!|."|'rh‘5 of Titan's haze have been characterized to aid the
imterpretation of rermote measurements of the spectral reflection of
the surface. The speed and direction of Titan's wirds has dlso been
rcasured for cornparison with future dynarmical models that incude
the radiarive heating and cooling rates implicd by the hase,

processes that form the surface
The iragers provided views of Titans previousy unseen surface,
this allovwing & deeper understanding of e moon's geclogy, The
three DISE cameras were destgned 1o provide overlapping ooverage
for an unbroken 360 -wide swath stretching from nadic angles
betiveen & and 967, Same 20 st of such mmages were planned
during the descent. Tiecause of the opacity of the haze in the passhand
of our imager, surtace features could be discerned in the images only
hekow ahonst ik, limiting the number of independent panoramic
reosics that can be made of the surface, The loas of hal fof the images
rcant that Titan's surface was met coverad by systernatic overlapping
triphets, a5 expectad. Three different views of Titan's surface are

Figurs 2 | View fram 8km. Medinm-aliituds (17 ta & km| pamoramic
mensaic projected from 8km. As in Fig. 1, the prefiminary ground-irack
sabutisn is indicated as paints: north is upy scale indicated. AL 11 km, the
wind direction s a1 0 (eastward), reaching — 27 {seutheastwand | ai an
altbtide of 8.5 km. The sarrow dark ncaments, interpreted as chanmnels, cu
beighier errain, indicates the putline sl the bow-altivude pan in
Fig, 3.
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shiien in Figs | o 3 A view of Trlan's surface after the Huygens
landing is shewn in Fg, 4,

The highest view {Fig. 1], projected from an ahtitude of 34 km,
displays an albedo variation very smilar o the highest-resolution
images provided by the 155 or VIMS carmeras on the Cassin orbiter,
It shows, Titan's surface to corsist of brighter regions separated by
lanes or lineaments of darker materizl, Mo obaious impact features
are visghle, althwugh craters less than rougldy 1km should not be
abundant as a result of atmosphieric shichiing”. In the rightrmost
(emsterrn) part of the mosaic the imsges becore sharper as the loer
altitisde af the camera e the scalbe o decrease and the conlrast o
incremse. More than a dosen brghter areas in that region seem Lo
elongated along a direction parallel with the mam bright/dark
boundary of that regaome AL the lrmit of resalution, namow dark
channels cut the bright terrain.

Tl meet wienw, Fig,. 2, projected from an altitude of & lkom, revesls a
I'“E" rmumber of these channds {detailed in F'ig, 5. The dhannel
networks have two distinct patterns: short stubby features and
dendritic features with marmy branches, The regiom of the subby
network towards the west is significanthy brighter than the dendritic
reginn, The stubiby chanreds are dherter, wider and reativedy straight.
They areassociated with and often begin orend in dark cinoular arcas,
wliich suggest ponds or perbaps pits, The morphology of rectilinesr
etk with stubby leads i consistent with spring-fod dhannels o
armoves.

The dendrtic network = consistent with rainfall drainage
channels, implving 2 distributed rather than a2 ocalized source of a
lonr-viscosity liquid, Stereo analysis of the dendritic region indicates
an elevation of 5-200m rdative to the large darker plain to the
south, Tt suggesis that the hrighter arcas within the darker tervain
are higher & well. The topographic differences are evident in Figs &

Figure 3 | Wiew from 1.2k, Low-allitude (7 1a 05 ken) paneranii niaic
projecied Bram 1,200 e .A.a in Figs 1 g I, the prelininery grownd track is
indicated as poinis; narih is ups scabe ated, The prohe’s steady wasi-
northeast drifi hales llln“ﬂlhrn an slitudde of 7 km amd reverses, moving
wesi-northwed For some | km during the last 13 min of descent, Wole the
ridge near the centre, cut by o dozen darker lanes ar channds. The prajected
lamedling, shie ks marked with an "X near the continwation of one of the
chanmels, whaose direction matches the arentation of the stream dke
dlearing in the near-foregrmend of the soutbwird-boaking surface insge,
Fig. 4.
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and 7, which are three-dimensional rendermgs of the are just north
af the landing site produced from the DISR images. They inchade the
major bright-dark interface seen from above in Fig, 5. Figure 2
depicts many examples of these darker lanes of matenial bepween
topographically higher, brighter areas. In fact the lon contrast of the
lonwtand plane arpues that the entive dark region floods, and as the
Tivquitd dbvzine the bocal topograply drives flows as seen in the images.
1f the darkeer vegion & interpreted i a dried lakebed, it is too large to
b beweny casend by the crecks and dhannels visible in the irsages Tt
iy have been created by other larger river systems or sorme large-
seale catastrophic event, whach predates deposition by the rivers seen
0 these images

The 1||h:r|-n.1=||.w-nt|flJ|.\. dlark lanes: within the brighter higllands
as drainage fetures is s compelling 2 10 dominate subsequent
interpretations of other areas of images such as Figs 2 2 and 3. The
prevailing bright-dark boundary of the region becomes 2 coastline,
the briglst areas separated from this beundary become islands, Bright
streaks running paralld to the albedo boundany may be drift deposits
or gplays fracured off the hright highlands owing to faulting along,
the shoreline,

When coupled with Fig 4, which is animage of a typical offdwne
dark region, it is clear that the anabogy has 2 limit. At present there is
s Liguied m el Darge dark lakebed imaged in Figs 1o 5 The briglt
leshate feature, spdin by an appareritly steaighit dark L in the wistern
part of the mesaic in Fig. 2, 15 2 prssible fissure-fod eryovnleanee o
Hewwver, Fig. 4 alsn reveals rocks wiich—whwther made of salicates
ar, more probably hydmcarbon-coated water-ice—appear 10 be
wounded, size-selected and size-layered as though located in the
bed of a stream within the large dark lakebed. Rounded stomes
approsimately |5em in diameter and probably compased of water
e lie on top of @ darker, fimer-grained surface.

Figure 4 | The view from Titan's surface. Merged MELand 511 images
seguired after the Huygens prabe soft-Bnding. Forisan position isplic
pitch of the DISK nose upwand by 1.7 £ 0.2 with 8o messarable rll

prained subsirate in 2

ks suggesic solar @luminaiion from ihai direciion, implying 2 southerdy
wiews, which agrees with prelinvinary evidence from other data sets. A region
wiih @ relatbvely low nwmbeer of recks lies hetwesn dusters of rocks in the
foreground and the backgreund and marches the general arlentatlon af
channel-liks feavares in the lew-sllilude pan of Fig, 3. The bright spat in the
lawer right carner is the Bunination of the DISR susfice sdence lamp.
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It 15 imiteresting o compare the brightes znd colour of the scene
shown in Fg. 4 with that of a smilar scene on the Farth, The
brightness af the surface of the Farth illuminated by full sunlight is
ahout half a million times greater than when illuminated by 2 full
mon. The heightness of the surface of Titan & about 4 thoosand
tirnes dirmer than full selar illumination on the Barth {or 500 times
highter than illurminztion by full meontight). That is, the llumin-
tienn beved s aboiut that experienced about Hmin after surset on the
Farth. The cobeur of thse sky and the scene on Titan is rather orange
e to the modh grester attenuation of blue light by Titas haze
relative to red lights 1 the Sun i hagh in the ky, 1t s visable asa small,
beight spat, ten times smaller than the solar disk seen from Barth,
comparable in size and brightnes 10 a cr headlight seen from about
150m away. The Sun emts sharp shadows, bat af baw enntrast,
hecause some 9% of the illumination comes from the o Tf the
Hun is low in the sk, it is not visible,

T sizes af the more than 50 stones in the image in Fig. 4 vary
betveeen 5 in diameter, the resobutiom linit of the imager, and
15 am, Mo rockes larger tham 15 cmeare seen, The resedution of tle List
irnages taken before landing from a Deight of 200-300 m would be
aufficient te identify metre-sized objects, and vene are seen in the
A0 35 field of view. Figure 8 duows the B value, a messure of
the Fraction of the suiface conered by rochs of a given s frequernity
wiind b deseribe the size distribution of impact oraters o crater
ejecta. A larger fraction of the surface is covered swith mocks greater
than 5em as oppotsed (o smaller pebbles, The dommance of the
cobbles 5-15cm in sage suggeits that rocks langer than ~15an
cannat be transported to the lakebed, while small pebbles |
are quickly remaved from the surface, Figure 8 confirms the
impressiom given by Fig, 4 that the surface coverage of modes in the
foreground of the image (<8om horizontal distance from tlhe
probe) s higher tham in the region beyond (ahout S0-160c0m),
Howeweer, this trend is ot seen for the pebibles less than 5om in size

Bromgated dark trails aligred with the peneral trend of the pessibile
stream-bed visible in the contre of Fig. 4 extend from several of the
afistant boulders. The direction of the trails agrees with the geseral
morthvest—snuthest alignment of the strean-like features slsown in
Fig. 3, becanse the last upsard-loling spectia indicate that the
probe settled with DISE facing southward. Images t2ken from the
surfzce showe no traces of the landing of the probe. The viewng

Figare & | Wiew of "shoreline’ and channel. Paneramic mosaic prajected
irom 6.5 km. shewing cxpanded view of the highlands and hright-dark
interface As bn previows figures, north bs wp: scale Indlcared. Branching and
weckilimear chanmel metworks of dark Enes are shown slusg an albedn
bausdiry appravisately 12 ks los,

TR
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direction i probably generally not doswmwand (e paradate i not
wisihile).

When coupled with the shapes, size selection and layering of the
stnnes in Fig. 4, the elonpated islands and their orientation parallel to
e coastline in Fig. 1, the stabby and dendritic channel networks, as
well as the ponds in Fig, 2 and Fig. 5, the major derments of the Titan
surface albedo variations can be interpreted o be controlled by
Tl oof hewe-visoosity fluids driven by topographic variation, whethe
caused by precipitation (the dendritic networds) or spring-fod flows
(the stubby networks). We thus interpret the bright—dark albeds
difference 25 fallovws imigatiom of the bright terraim results in darker
material being removed and camied into the chanmels, whach dis-
charge 1t into the region offshore, thereby dardkenang 1. Enolian
rOCesses such as wind pusts rnuple\l with Titan's low p'.wit:\-'
;mm]’wwi ton Earth ) may aid this migﬁhrinn

The dark channels visible in the lovwest panarama { 3} seem to
suggest south-easterhy fhuid flonracross the bower plare, depositing or
expesing the brighter rarerials (water ice?) dlomg the upstream faces
of the ridges,

Sterengraphic rendering of the dendritic channels juss rorth of the
probe Larding site (Figs & and 7) abows that the depes in bright
terrain being dissectod by the putative methane river clannels ae

Distance imi

Flgure & | Topegraphic model of highlasd region -5 km north of the
Herygims landiag i, The lop pand dhows an ortharectifiod HRI image
fram atores puaiir (vertical viewh, The middle panel shows 2 perapes
of the tepagraphic model with ~ 50 il angle. Mo veriical cxaggeration was
applied (it is 1:1). The bovtom panel dhows prafiles fa-b and o—d from the
top panel) thar [hasiraie the exiremely seep topography in the reglon
sz cved by the drainages AN dimensions are o metres. A ISR sterea palr
(using HEE frame 450 and MED frame 601} wis photograsmetrically
analysed wiing & digital sterea workitation. The overlap,
coverage is abant | 2 3kms the canvergenee angle i
of the draimage patierns with the valley floors gives confidencr in the
of the enpographic muddl; the beight seuracy is ~ 2, This prelinsinary
medel has been arhitrariby levelled so that the chevation dilferences are only
refative,

wigwr
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wxtremdy rugged: dopes of the order of 307 are common, Thas
suggests relatmely rapid evosion by flows in the river beds, resulting in
the decply incised valleys. Frosion by steep landslides on slopes
approaching the angle of repose is probahily the primary mechanism
by which the rugged topography is formed. Figure 7 shows two
sterengraphic views of the shoreline and hillside north of the landing
site,

The: wind profile

Assernbily of the panoramic mosics kads o the constraction of a
descent trapectory @ part of 2n dlerative process of mage reconstroc-
tiemn. The trajectory can be weed o derive the probe ground track and
extract the implied wind videcity 25 a function of altitude. Corre-
lation af the mughly 200 wsalile images 2cquired by ISR during its
descent resulted inv longitede and latitude valoes versus time, dis
l‘lﬁud n Fig. 9. Fitted by pohmomials, these ground tracks were
difterentiated with respect o time and seaked to derive the horizontal
wind spevd and direction 2 functions of altitude

The results indicate thar the probe's steadily increasing castward
drift caused by Titan's prograde winds, as shonwm in Fig. 10, doaed
feom near 30 w0 10ms " berween altitudes of 50 and 30km and
slowed maore rapidhyd froim 1010 4ims ) between altitades of 30 and
2ok, The winds doj so mero and reverse at around 7k, mear the
axpected top of the planetary boundary layer, producing a west-
northwestwardly mation extending for 2bout | km durng the last
15 min of the deswent (e Fig, 3% The generally prograde nature of
the swands betwieen 50 and 10 km agress with models of Titan's monal
winds availahle hefor: the amival of Cassin or the Fuypens probe’,
although the wind speed is somwhat less than the average predicted
beefre entry.

Thwe planetary boundary laver & caloulated to bave 2 thickness of
between 4 and Skim, based on scaling the Earth's near-equatorial
planetary-boundary-layer thickress of 1-2 ko by the iwerse square-
roited ratiooof the planetary rtation rates. The minimum horizontz]
wind spead at 7hom can this be an indication of entry into the
brearudary Laver™ Tlae veversal of wind direction at this altitude is alsn
consistent with the Veyager-derived equatorial termperature profile?,
wherein the temperature gradient dhanges from dry adiabatic to a
sub-adibatic temperature gradient above 4km altitude, indiczting
the top of the boundary layer:

The current ground-track and wind-speed analysis predicts

Figure 7 | THan's sarface. Perspective view of Tian's surface wsing
topographic model of the highland region =5 knn narth of the Huygens
probe lunding siie derived from the INSE images. The msodd in greysaale
anvd fallez colowr sharws the devatlon {pale white higheat). The lowland plan:
arr lakehed i oo e leli side of the display (in bluzh; the noethern
(with the desdritic chasmndk] i Lo the right.
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winds af about 03 0 Tms " near the surface. This welocity can
he produced by amy number of sources including pressure and
femperature gradients and tides'.

Mégration of surface nmaterial

The acqquisition of visible spectra at known bocations in the imeges
alteawed correlation of the reflevtance spectra with different types of
terrain. The Dhenvmward-Towking Visible Spectrometer (DEVS) was
an imeging apectiomiter reasaring Light between 480 and 960 nm as
it projectied the irsyge of the slit orito the grownd intoup to 20 spatial
resolution dlements for nadar angles frome 107 10 507 Spectm wene
collected 21 nominally the same zamuths as the images, though often
at dightly different altitudes {on different probe mtations ). Inter-
palation between the trmes 20 which the spectral and image data were
abtained Incated the spectra within the images. Determination of the
surface reflectivity was hindered by scattering from the haze betoeen
the camera and the surface a5 well as by methane ahsorption.
Corvelation of the spectra with images was therefore best performed
on measureiments during which the altitude changed only slightiy,

Thee centre of the meage in Fig, 11§ displaysd in e colour (that
18, a8t Biunan epe woudd s it weder Tita's atmosphere) using
actual spectral data from one panorame. The arc betwesn the
spectra 15 inberpolated in azimutl, The coverage with spectes is
siriilar to that alwowen in Fig 12, The orange colour is due mainy to
the dlummation of the surface. Sattenng and absorption (wlach
diominate in the blue) cause the perceived tree colowr of the surface
10 chamge from vellow 1o orange with decreasing altitude. Note that
the passhand of the cameras peaked in the near infrared {at 750 nm),
and therefore the brightness variations in the images would not
necessarily be seen by the luman o,

In Fig 12 the images are correlated with the ratio of the intensity in
e rethine windews (827 750 il bocated in the infrared part
of the spectrum where scattering is minimal and the systematic
variahility with nadir amgle can be ignored, Reddening (high 827 nmd
751 rm ratio] is concentrated at the area covered with drainage
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Figure i | Distribution of rock on the surface, Rocks larger than 168 oy as
an K-plot, frequently used vo describe stee distrbution of Impact crazers or
crater clecta 1f N s the numiber af rocks per centimenre lncremsent of rock
shze, the fraction of the curface area A covered by recks with diameters
between d and d 4 Ad is gpproimately N % ad = d 5 By keeping the siee
i 2uaf ey il b che dismeter d, the quantiog B 2 @04 (the B value) is
alsn praportional i the serface fraction covered by rcks of diasmeter  (with
a propartanality cematant of = 31, The plet shares & values darivad from
ek counts from the $11 and MR surface images. Par the SLL Bvalues from
counts wp bo o distance fram the probe of 73em and up ta 161 cm are
presemied (m separate curves The cemparison hetween the twe ourves
sugggests thar the cownt b= camplete in the displayed shee range. The Increase
o the R value with siee correspamls o s higher (macion of the surfac:
veovered with lirge racks thin with smaller sne.
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