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1．　Tec七〇nic　Movemen七s　and　Aerial　Photographs

　　　　　Tec七〇nic　movements　realize　anomalies　of　relief　which　qan　be
observed　s七ereoscopically　on　aeriε㌧l　pho七〇graphs，　and　pho七〇＿

geomorphological　analyses　of　relief　can　indicaもe　－the　his七〇エy　of
七ec七〇nic　movements，　if　supplemen七ary　field　inves七iga七ions　are
conduc一むed．　Therefore，　i七　is　七hought　tha七　aerial　pho七〇graphs　in
七he　hands　of　exper七　pho七〇geologis七s　are　a　七〇〇l　of　grea七　value　for

s七ruc七ural　analysis，　and　photo－geology　is　prol）ably　closer　in　theo－
ry　and　method　to　struc七ural　geomorphologyI　than　七〇　any　other　’branch
of　geology．　In　analyses　of　tect｝onism　from　aerial　pho七〇gral）hs，
s七ruc七ural　geologis七s　are　engaged　larg61y　in　a　s七udy　of　七〇pogra－

phic　anomalies　rela七ed七〇bedrock，　and七he　exaggerated　vertical
scale　I）rovides　them　wi七h　an　ex七remely　useful　七〇〇1，　which　is　no七

availa’ble　七〇　field，　geologists　on　七he　ground．　工七　is　by　means　of

七his　exaggera七ed　relief　and　the　abili七y　to　view　a　large　area　aも
七he　same　七ime　もha七　the　geologis七　is　able　七〇　dis七inguish　various

rock七ypes，　es七ablish　con毛inui七y　of　cer七ain　forma七ions，　and
de七ec七，　with　some　confidence，　＄’bructural　pa七七erns　which　may’b・e

favorable　for　七he　analysis　of　tectonic－movemen七s．

2．　Me七hods　and　Cirteria　of　Analysis

　　　　　Analysis　of　tectonic　movemen七s　on　aerial　photogral）hs　can　l）e
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ご
carried　ou七　in　bo七h　me七hods　A　and．　B　men七ioned　below．　Method　A

is　七he　iden七ification　of　landform　characteristics　including
drainage　I）a七七erns，　and　such　pho七〇graphic　characteristics　as　七〇nal
pa七七erns　and　lineamen七s，　which　are　necessary　for　七he　analysis　of
七ectonic　movemen七s．　工n　method　B，　landform　units　covering　the
whole　七errain　are　iden七ified．　The　former　is　七he　ordinary　and
七radi七ional　pho七〇－geological　me七ho（1　and　七he　la七七er　is　used　parti一
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cularly　for　agricul七ural　and　engineering　geology．　Besides，
pho七〇＿densi七〇me七ric　analysis　of　aerial　pho七〇graphs　clearly
delinea七es　nummerically　such　tec七〇nic　phenomena　as　shat七er
zones，　fracture　sys七ems　e七c。　and　is　being　developed　as　a　new
七echnique七〇iden七ify　differen七geologica’l　uni七s．
　　　　　　In　a　region　of　pronounced　七ec七〇nic　movemen七s，　warping　and

faul七ing　of　erosion　surfaces　is　likely　七〇　be　clearly　eviden七　〇n
aerial　pho七〇gral）hs．　　The　erosional　des七ruc七ion　of　such　surfaces
appears　七〇　be　slower　もhan　faul一むing　movemen七s．　Erosion　surfaces，

七herefore，　may　offer　indica七ions　of　recen七　dias七rophism，　and
such　erosion　surfaces　can　be　七raced　exacもly　on　aerial　I）ho七〇－
graphs　・wi七h　七he　assis七εmces　of　measuring　devices．
　　　　　　An　erosion　surface　exis七ing　above　a　nearly　level　base　mεしy

imply　七ha七　uplif七　has　occurred．　The　degree　of　dissec七ion　fur－
nishes　a　rough　measure　of　the　time　since　uplif七．　　Therefore，
geomorphologists　mus－t　pay　close　at七en－bion　七〇　eleva七ed　arld　dis－

sec七ed　erosion　levels．　　工n　using　old－age　surfaces　as　evidence
of　dias七rophism，　however，　pho七〇geologis七s　mus七　dis七inguish　of
marine　planati　on　層bedding　surfaces　resurrec七ed　by　七he　removal
of　もheir　sedimen七ary　cover　from　surfaces　of　subaerial　erosion
such　as　pediplains．
　　　　　One　of　七he　impor七an七　poin七s　concerning　new　tec七〇nics　is

howもo　de七ermine　七he　age　of　new七ec七〇nics　and七he　degree　of
activity．　For　such　an　aim，　Pleis七〇cene　deposi七s　should　be
taken　in七〇　accoun七　during　pho七〇＿in七erpreもa七i　on．　Unfor七una七ely，

however，　unconsoli（1a七ed　sof七　Pleis七〇cene　deposi七s　subjec七ed　七〇
もec七〇nics　are　some一もimes　easily　deformed　by　erosion　and　arもifical

works。　Subsequen七ly，　newly　erup七ed　volcanic　deposi七s　should　be
and　have　been　七aken　in七〇　consideration．
　　　　　Abrasion　ben6hes　along　七he　coas七　raised　by　former　ear七hqu＿

akes，　recorded　as　well　as　I）rehis七〇rical　or　his七〇rical，　should

also　be　considered。　Abrasion　benches　are　easily　recognized
par七icularly　on　infra＿red　aerial　pho七〇graphs．
　　　　　Exper七　pho七〇＿in七erl）re七a七ion　of　low　relief七errεしin　resul七s

in　七he　discovery　of　七〇pographic　anomalies　due　七〇　local　s七ruc七ure．

Aerial　pho七〇graphs　are　usually　more　sensitive　七han　ground　obser－
vaもion　七〇　anomalous　七〇1）ography．’Photographic　七echni　ques　of

mapl）ing　weakly　expressed　s七ruc七ures　are　fas七er　and　some七imes　more
accura七e　七hεm　plane　七able　and　al七imeter　methods．
　　　　　Tec七〇nic　features　may　be　emphasized　by　anomalous　層behavior

of　running　wa七er　and　o七her　surfεしce　agen七s．’Drainage　alignmen七s，

alignments　of　lakes　and　springs，　and　disruptions　of　channe　l　and
valley　pa七七erns　are　among　もhe　cri七eria　of　faul七　〇r　faul七一一line

traces．　Such　cri七eria　can　be　easily　recognized　on　aerial　pho七〇＿
graphs．
　　　　　However，　the　relationships　be七ween　drainage　and　s七ruc七ure
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are　complex．　Runnoff　is　highly　sensi七ive　七〇　lighologic　and
s七ructural　varia七ions　in　七he　underlying　bedrock，　bu七　is　also

influenced　by　surface　obs七acles　produced　by　deposi七ion．
Cau七ion　is　re　quired，七herefore，　when　drainage　elemen七s　are
used　for　struc－bural　interl）re七a七ion．　　工n　addi七ion　七〇　七he　well＿－

knowTI七rellis，　dendri七ic，　concentric，　radial，　and　annular
pa七七erns　of　drainage，　local　charac七eris七ics　such　as　aligned
drainage，　ponded　drainage，　local　・w・idening　or　cons七ruction　of
valleys，　have　useful　iml）lica七ions．
　　　　　Frequen七ly　one　carl　no七be　any　more　defini七e　about　an
anomalous　drainage　fea七ure　七han　to　call　i七　a　軍，draina．ge　anoma　ly　tt．

The　usefulness　of　七he　drainage　ne七work　as　a　keyもo　struc七ure

depends　chiefly　on七he　in七erpreterts㎞owledge　can　be　a七七ained
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3． Regional　Considerations

　　　　　Generally　speaking，　pho七〇＿in七erpre七a七ion　of　s七ruc七ure　is

easiest　in　regions　of　mod、era七e　七〇　high　relief，　and　in　arid　or

subhumid　regions　wi七h　li七七le　surface　cover　and　vege七ation．
In七hese　regions，　rock　bodies　can　be　七raced，εL七七iもudes　measured
or　es七ima七ed，　and　s七ruc七ural　conclusions　reached　rapidly　and
easily．　Where　the　bedrock　is　weakly　expressed　in　七〇pography　or
masked　by　soil，　vege七a－bi　on，　or　surficial　deposi七s，　pho七〇＿in一もer－

pr・七a七i・n・f　s七ru・加r・i・an　imp・rtan七aid七・interpretati・n，
bu七　should　noも　be　used　as　七he　only　evidence　of　s七ruc－bure．

Photographic　s七udy　of　七〇pography　and　s七ruc七ure　of七en　suggests
re　lationships　which　can　be　quickly　confirmed　or　disproved
field　inves七iga一むions　in　key　plεしces．

　　　　　In　high＿relief　regions　composed　of　folded　or　s一もeeply
七ed　s七ra七a，　li七hologic　uniもs　reflecも　七he　main　struc七ural

irregulari七ies　very　clearly；　ridge　asymmetry　is　of七en
enough　for　identification　of　the　dip　and　scarp　slopes．

by

七il＿

grea七
　　Closely
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spaced，　parallel　hogbacks　wi七h　recognizal）le　dip　slopes　indicate
s七eeply　dipping　homoclinal　s七ructures　which　mark七he　flanks　of
uplif七s　or　dowr’iwarps，　七he　limbs　of　fold　s七ruc七ures，　or　til七ed

stra七igraphic　sequences．　　If　indentations　in　a　ridge　are　de七ec一
七ed，七he，，rule　of　V曾s，，　can　be　eml）loyed　as　a　horizon　marker　for

s七ruc七ural　mapl）ing．　　Zigzag　ridge　pa七tern　indica七es　a　series
of　plunging　folds，　and　七he　sharpness　of　bends　in　七he　ridges
serves　to　distinguish　synclinal　from　an七iclinal　s七ruc七ures。
The　above　mentioned　charac七eris七ics　are　easily　identified，　on
aerial　pho七〇graphs．
　　　　　In　humid　regions　of　modera七e　七〇　high　relief，　七he　s七rong

七〇pographic　expression　of　some　s七ra七a　permi七s　七he　in七erpre七er
七〇　trace　rock　uni七s　and　delinea七e　struc七ures　in　spi七e　of　heavy

vege七a七ion．　Certain　broad　inferences　abou七　s七ruc七ure　can　be
made　from　alignments　of　七ress　in　heavily　fores七ed　coun七ry．
1七　is　repor七ed　七ha七　七he　fores七　roof　reflec－bs，　in　a　somewha七

modified　form，　七he　七〇pography　of　七he　ground　surface．　　In　ex七reme

cases　七he　correspondence　is　fairly　exac七．　1七　is　usually　suf－
ficien七，　however，　七〇　reveal　七he　posi一七ion　of　scarps　and　cuestas，

from　七he　dis七ribu七ion　of　which　much　I）hysiogra　phic　evidence
poin七ing　七〇　geological　struc七ure　can　be　deduced．　　In　densely
vege七a七ed　regions，　七he　aI）exes　of　high　s七ruc七ures　may　be　marked

by　varia七ions　in　timber　grow七h　or　by　open　spaces．

4．　　Earth（luake　Desloca七ions　in　Sof七　εmd　Unconsolida七ed　Deposi七s

　　　　　Aerial　pho七〇－in七erpre七a七ion　is　a　very　useful　te　c　hni　que　for

七he　survey　of　ear七h（luake　disloca七ions　clearly　marked　on七he　land
surface．　　Ear七h（luake　disloca七ions　can　be　grouped　in七〇　（a）　land

deforma七ions　（b）　fire　damages　following　ear七hquakes　（c）　damage

to　cons七ruc七ions　such　as　hous　es，　層bui　ldings，　bridges，　railways，
dikes　e七c．　（d）　f］．ood　disas七ers　due　七〇　inunda七ion　of　lowlying

areas　including　land　below　sea　level　and　（e）　七he　combina七ions
of　七・w’〇　七〇　four　七imes　of　（a）＿（d）　men七ioned　above．　Disloca七ions

of　all　ca七egories　can　be　analysed　from　aerial　I）ho七〇graphs．
　　　　　The　Niiga七a　Ear七h（luake，which　occurred　in　June　l6七h　of

l964，　was　characterized　by　land　deforma七ions，　flood　disas七ers
due　七〇　inunda七ion　of　七he　area　be　lo・w　sea　level，　damage　七〇　cons七＿

ruc七ions　on　unconsolida－bed　and　sof七　sedimen七s　and　fire　of　oil
七anks．　1」and　de　forma七ions　arld　damage　due　七〇　quick　s　and　phenome＿

na　were　mos七ly　in　七he　area　of　former　river　courses　composed　of
unconsolida七ed　and　sof七　sedimen七s，　andもhe　area　inunda七ed
coincided　exac七ly　wi七h　七he　area　men七ioned　above。　Tha七　is
ear七hquake　damage　was　concen七ra七ed　in　七he　limi七ed　area　of　soft
sedimenもs．　Conse（luen七ly，　analyses　of　ear七h（luake　damage　should
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Plaもe　l Fault，　Kern　Col　and　Kern　buもnear
Agema七su　on　七h（？　Kiso　River．

（Asia　Aero　Survey　Co．，L七d．）

Pla七e　2 Linearments　of　Yakushima　工sland．
（Asia　Aero　Survey　Co．，L七d．〉

Pla七e　3 Ear七h（luake　di　s　as七ers　due　七〇　七he

Ni　i　ga七a　Ear七hquake　in　l964．

（Ko㎞sai　Aero　Survey　Co．，L七d．）
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be　conducted　in　rela七ion　七〇　the　distribu七ions　of　sof七　sediments，
which　can　be　maI）ped　by　means　of　aerial　pho七〇＿interpreta七ion

apPlying七he七ec㎞iques　of　engineering　soil　analysis．
　　　　　Engineering　soil　analyses　based　on　七he　classifica七ion　of
landform　and　classified　landform　uni七s，　if　properly　se七up，　cεm
be　in七erpreもed　in’bo　maps　showing　七he　distribu七ion　of　surface
maもerials．　In　order　七〇　classify　landform　uni七s，　aerial　photo＿
in七erpreもa七ion　should　be　introduced。　　On　aerial　I）ho’bographs，

de七ails　of　landform　fea七ures　can　be　interpreted　and　a　selec七ed
number　of　landform　units　set　up，　which　can　be　inferred　in七〇
li七hological　and　soil　uni七s．　　For　exaMI）le，　former　river　courses

can　easily　be　iden七ified　on　aerial　pho七〇graphs　and　ma七erials
forming　such　a　landform　can　be　inferred．　Sand　dunes　and　beach
ridges　are　composed　of　sands　and　easily　be　recognized　on　aerial
pho七〇graphs．　Rela七ionships　be七ween　landform，　surface　li七hology
and　ear七hquake　damage　are　always　high　in　areas　consis七ing　of
七hick　c　layey　sedimen七s。　　工n　七he　case　of　the　Niigata　Earthquake，

earthquake　damage　was　concentra七ed　along　七he　former　river　courses
filled　ul）with　sεmdy　materiεしls．　　Til七ing　and　sinking　of　concre七e
bui　ldings，　bridges，　rai　lways，　roads　e七c．　due　七〇　quick　sand

phenomena　occurred　on　such　sandy　materials　having　a　sufficien七
water　con七en一七。　　guick　sand　I）henomena　resul七ed　in　七he　ground

wa七er　bringing　up　fine　sand　from　beneath．　guick　sand　phenomena
and　damage　due　七〇　七he　s　e　phenomena　was　so　wi　de　spread　－tha七　七he

Niiga七a　Ear七h（luake　is　of七en　referred　七〇　as　七he　ear七hquake　charac－t＿

erized　by　quick　sand．　However，　previous　experience　of　earth（luake
damage　has七augh七us七ha七七he七hic㎞ess　of　sof七ma七erials　closely
reflec七s　七he　damage　ra七io．　This　means　tha七Alluvial　plains，
par七icularly　on　drowned　valleys　filled　up　by　sof七　and　unconsili－
da七ed　materials，　are　generally　the　mos七　sensi七ive　七〇　ear一もhquake

damage．

5・　Conclusions　and　Proposals

　　1）Exper七　pho七〇＿in七erpreta七ion　can　even　resul七　in　the　discovery

of　七〇1）ographic　anomalies　due　七〇　local　and　minor　structures．
Aerial　pho七〇graphs　are　usually　more　sensi七ive　七〇　anomalous　七〇po＿
graphy　七han　ground　ovservations。　　Pho七〇graphic　七echni（lues　of　map－

ping　weakly　expressed　struc七ures　are　fas七er　and　some七imes　more
accen七ra七e　七han　using　a　plane　七able　and　al七ime七er．
　　　　　Al七hough　もhe　possi’bili土y　of　iden七ifying　七ec七〇nic　movements

using　lεmdform　charac七eris七ics　differs　according　－to　regional
condi七ions，　pho七〇＿geology　is　s七ill　a　useful　七echnique　for　analy＿

sis　of　tec七〇nic　movemen七s　in　such　humid　and　high　relief　regions
as　Japan．　Pho七〇＿geology　is　no七　always　highly　regarded．　particuar－一
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ly　amongs七　pure　geologis七s・　In　order　七〇　develope　I）ho七〇－geology

in　Japan，　an　exchange　of㎞owledge　and七echniques　on　pho七〇－
geology　should　be　promo七ed，　no七　〇nly　on　pho七〇＿geology，　bu七　also
coopera－tiolls　wi七h　geodesis－ts　and　geophysicis七s　on　七he　same　re＿

search　projec七s　is　proposed　七〇　examine　pho七〇＿geological　evidence
of　younger　七ec七〇nic　and　presen七　day　movemen七s．

　　2）A・rial　ph・七・－in七・rpr・七a七i・n　i・avery　useful七echniqu・f・r

七he　survey　of　ear七hquake　disloca七ions　of　七he　regions　composed
of　sof七　and　unconsolida七ed　sediments．　Engineering　soil　analyses
based　on　七he　classificaもion　of　landform　and　classified　landform
urli七s，　if　properly　se七　up，　can　be　in七erpre七ed　in七〇　maps　showing

七he　dis七ribu七ion　of　surface　materials．　　On　aerial　pho七〇graphs，
de－tails　of　landform　features　can　be　in七erl）re七ed　and　a　selec七ed

number　of　landform　units　se七　up，　which　can　be　inferred　in七〇
li七holigical　and　soil　units．　Rela七ionships　be七・ween　landform，
surface　li七hology　and　ear七hquake　damage　are　always　high　in
areas　consis七ing　of　sof七　and　unconsolidated　sedmimen七s．
A七七er1七ion　should　be　drawn　to　七his　fac七．

s
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