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Jsets | T | 7 T 1 15°18 CORRELATION OF MAP UNITS Donni formation (informal name)
260 / | \ [See Descripti £ Map Units f . it 1 Strata that were originally called the “Donny beds” by. Tayama (1938) were raised in
| l ee Lescription of Viap LniLs Tor precise unit ages status to the Donni Sandstone Member of the Tagpochau Limestone by Cloud and others
h h (1956). The unit was named for exposures on the eastern side of Saipan, in the hills to the east
P | Qrb f . : ; ) :
27a o 30 \\ }% ’ a of the village of I Donni (now I Denni on the topographic base map). The type section was
|//’ ! Qst Qgs Qrl ~Holocene designated as exposures along a traverse located near the intersection of the Cross-Island
/ W T T Qa Qe Connecting Highway with the East Coast Highway (Cloud and others, 1956); the location is
e e r/ | e - -__B : < \ San Fra;;\ciscb > now a pronounced curve in the Talofofo Road. Cloud and others (1956) suggested that the
17°30° = — —l—— {I / - + — 17°30" i o*fd; B 59° \ L) Donni Sandstone Member was stratigraphically positioned near the middle of the Tagpochau
| Fiym‘an P g bg o ~QUATERNARY | | A0 Limestone and interfingered with the other Tagpochau facies. The new field mapping (which
! Sﬁbaﬂﬁ'f ; 2 Qta e “ | X included a re-examination of the field relations between the Donni Sandstone Member and
/ Qta 0, ; 4 ‘ \ ~ \ . . . . . . . A
/ | < B, Ranzai / ﬁ“““\ — Unconformit r Holocene and Pleistocene 2 T NORTH PA CIF,C OC X adjoining map units) and the available biostratigraphic evidence point to a distinctly younger
= : - ~ Y ) . . . .- . ;
/ 5(0 o L G el 2 N e I X age and higher stratigraphic position for this unit than was reported by Cloud and others
/ :‘C(( 7 e S e Jfff,fgg” Ka}, \ - Qp =2 J \ (1956); therefore, we are raising the rank of the Donni to that of an informal formation on this
A x\h‘\, ¢ o m\ \ \\ Unconformity \ map.
00?’ \ \{ ’))%‘Tdos \ l'l \ o . _ Pleistocene and Pliocene 2 - \/ . The informal I?onm formation includes three subdivisions that previously were 1ncl.uded
70 AT TH k \ N \ in the Tagpochau Limestone by Cloud and others (1956): the conglomerate member, which
= e \ 5, % — "0 Unconformity | \ includes sediments previously assigned to the Machegit Conglomerate Member of the
wggeey fb—  — — = — = = - i QTmm @‘7 \\ aﬁ"f : NN ‘ 190 °Tto1,° oTtog Pliocene(?) A I T Tagpochau Limestone (Tdoc); the transitional lithofacies (Tdot); and the sandstone member
”'S‘E;'“' R e\ \ Tmroe—. e & Philippine- - (Tdos). The Donni formation is a transgressive sequence of sediments that were deposited
S N ' \ %\ 55& Unconformity ' Manila \‘ \\ over an irregular topographic surface of older sedimentary and igneous rocks. The conglomer-
243 R K Tdos . . ‘;‘\‘&,’1660“‘mi (2672 %m) \— ate member is a localized, coarse-grained, subaerial or nearshore deposit. The transitional
a0 e 9 k| | — > d
k‘? -E jPhocene and Miocene(?) e 1 . facies is a basal transgressive conglomerate that grades upward into the neritic, foraminifera
c ,‘“ —_—— v upw , -
\ i Laggua |- | | rich deposits of the sandstone member.
Unconformity < o . Guam p . .
By \ v | \ \ Cloud and others (1956) mapped several small areas of the Donni on the slopes about 0.8
\ \\ Tf Tff "'—';"”*q{—‘ﬂ‘;w,,f | | L —0 \ km southeast of the peak of Okso Tipo Poli (Mount Tipo Poli). Two of their map polygons
} M, : ) wgg Unconformity ) r mbils EP L : : ‘ ‘ ! were attributed with queries (Ttd?); however, after a careful field check of that map area, no
s o, Puntan \\ ~Miocene Figure 1. Location of the island of Saipan in the North Pacific Ocean. outcrops of the Donni were revealed. The original uncertain map designation of these areas
49 E » Laggua
<_ 4 o B W\ v ' o——F J{;ﬁ__a—‘ Ttl r TERTIARY probably was based on soil composition. Because no bedrock evidence of the Donni was
W ! A == . . . . . . found and because the stratigraphic position at these localities appears to be inconsistent with
E edisd ] /! S ) been subjected to sporadic episodes of both tectonic uplift and subsidence since the Eocene . . . .
= m ) / Unconformity 2 . . . . .. . other known Donni exposures, these areas are reassigned herein to the limestone member of
ﬁ | 3 / / (Karig, 1971). This history of vertical movement resulted in the deposition (above a volcanic the Tagpochao (Ttl)
i U ' 5 / / Tmw basement) of subaerial and subaqueous sequences; the latter consists of both shallow and EPO L . .
| 3 / / Tmp . . . . . The informal Donni formation laps over the top of the early Miocene Tagpochau
\ / / 3 $ ] deeper marine volcaniclastic and carbonate sedimentary rocks. Cloud and others (1956) relied Limestone and other older formations in angular unconformity; therefore, the deposition of
? o 3 / - ) heavily on biostratigraphy for the age assignments of the stratigraphic units on Saipan. Much . g ’ ’ P .
e THl 3 / »Oligocene(?) to Eocene ) . . : the Donni must postdate the Tagpochau. The conglomerate member of the Donni formation
? — data was collected and reported; however, theirs was reconnaissance sampling, no complete contains no reported fossils and, therefore, is not dated biostratigraphically; however, its basal
\ i N \Cavaghl / g8 ? sections of individual stratigraphic units were systematically sampled, and little effort was . e . . :
/ ( . f . d‘ .d 1 . h. . . 11 l d d 1. 1 H p 9 b g p y’ b
1007 g d ; | ! . . . . . . . or contemporaneous lateral facies association with both the transitional facies and the
o o . Wt feceti - ¥ / _ made to precisely define stratigraphic-unit boundaries. There is still a need for detailed, sandstone member sugeests that it is about the same age as the rest of the Donni formation
1o L P . \&_/ 5;? { / modern, biostratigraphic studies of all of the marine sedimentary units on Saipan. . £ee . [re age & . '
- _.‘- e 4 ' / Unconformity 2 The transitional facies of the informal Donni formation contains a sparse fauna of
o . < é’/ :P; / ! H/f - }Eocene Sankakuyama Formation planktonic foraminifera and locally larger foraminifera. All of the planktonic foraminifera
— N / . . L i d from the transitional facies al found in th dst ber (Todd,
? / o — B j - / 7 The oldest rock unit exposed on Saipan, the Sankakuyama Formation, is a sequence of ?1;?71; S;zﬁ(;:;l: of;;nclursi) ragi;rlgirlllztig;l;sl; cscc))nirilri?:rll 01; ut?lissal?e ds Olzili?grrl?c ?:)r(ar?lin-
T S 2 R Eocene rhyolitic lava flows produced by volcanism during the proto-arc phase of the ifera ciata (Toddg1957) to tIZZ modern foraminiferal F;onation sgheme for l:he lower latitudes of
T o - e AR T, Tst e B F’ ‘ﬂ;i{;o " Izu-Bonin-Mariana (IBM) arc system (Pearce and others, 1999; Reagan and others, 2008). the Pacific Ocea,n (Bolli and others, 1985), we suggest a probable early Pliocene age assign
T T D T . . . . . . i i - ’ ’ .
e w e T —— gﬂ;x(" ’g}i” o Faha?'/ / DESCRIPTION OF MAP UNITS Tmp Pink facies—Pink, massive to locally well-bedded, foraminiferal limestone Th'e unit was named for exposures on Okso Achugoa (Mount A.chuga}o) in north 'central ment for the samples from the transitional facies. Specifically, we assign the transitional facies
- PNy = .f ST, d - g7 (wackestone to packstone). Cements are typically inequigranular Saipan (Tayama, 1938). Outcrops of the Sankakuyama Formation chiefly occur in the to the Globorotalia magaritae Zone, which occurs within planktonic foraminifera Zones N18
. e / ~ north-central part of the island, on Okso Achugao, and in areas to the east and southeast of the to N19. The carly Miocene larger fo’ramini fera reported from these rocks (Cloud and others
16, - 3 O e . . . . . . . . el f e : . 24l : . . ’
e AL e I AT LS S / \}q"' / / af Artificial fill—Chiefly hmestor.le rubble and sandy material. 1.3r1nc1pally located in - Basal transitional fac1§s Tuffacem'ls hme'stone apfi calcareous conglomerate. mougtam. qu additional, smaller outhopSNare on Isleto Ma1~1go Fahang (Bird Island) and the 1956: Cole, 1958) are likely reworked from the underlying Tagpochau Limestone. Cloud and
M |3 AL AR U AW R g O “& B y central-western coastal plain. Mapped only where extensive or where Noncarbonate clasts include andesite particles, siliceous rock fragments, flanking sea cliffs of southwestern Unai Fafionchuluyan (Fafionchuluyan Beach). The others (1956, p. 72) report their appearance as local *...concentrations of larger Foraminifera
[UCITURTIRTEN Rgef 2, { o P i eologic map-unit contacts are obscured uartz and feldspar grains, and clay minerals. Vertically transitional from radiometric analysis of samples from the Sankakuyama indicated an age of about 45 Ma T . » ’
/ » o0 / geolog P d . parg 4y Y o Y P ) Y . & as layers or channel-filling lenses.
2 LA ey TN ‘ Qo‘“ underlying Densinyama Formation (millions of years, or mega-annum), using both the potassium-argon method (Cosca and Th dst ber of the inf | Donni f i tains abundant planktoni
T NN \ | pﬁ))j ’ e Qrb | Beach deposits (Holocene)—Sand, gravel, beach rock, and patches of recently others, 1998) and the Ar40/Ar39 method (Reagan and others, 2008). An earlier study had e sandstone metber ol the Tiotmal rjonni formation contains abundant pranktonic
15 |— If_— - i - 2O — — 15° emerged coralline and algal limestone Densinyama Formation (Eocene?)—Andesitic breccias and conglomerate, reported a potassium-argon age about 5 Ma younger (Meijer and others, 1983). The 45 Ma foraminifera and ?h"“.vs fnore species diversity than the tran51t19nal facn?s.. Again, following
) Z, L4 /1 Qst < Q;°> G 1 and sand i d ts (Hol Cal hell-and i tuffaf:eous .sandstone,.tuffaceous limestone, and calcareous conglomerate. age is consistent with the middle Eocene relative age assigned by Cloud and others (1956). (1)32%1 izogeeriiﬁéﬁtfl‘gﬁaﬁi;zgf z:szgo(f;);lt:ﬁgi%ftlﬁzﬁzg f;ri?ﬁ?;f:;?hia;lgggd’
e b / j / / g e anl Sa(;l T, omee dmoa - 10 oce;llezl— i o —(;Jora Maximum inferred thickness about 244 m The Sankakuyama Formation was divided into four facies-based units by Cloud and Ocean (Bolli and others, 1985), we suggest a late Miocene to early Pliocene age assignment
- “'('"‘\ Kalabers 3 > SN ! — "L i R %raV? £ vencor on omers agpar:‘m dats i eh op ¢ ret? . StEOI'IIItS anh - Limestone and conglomerate facies—Thick- to thin- bedded, coarse-grained others (1956): flow rock (Tsf), breccias (Tsb), tuff (Tst), and mixed pyroclastic rocks (Tsp). for the sandstone memb’er Thrée of thigs ecies originally re orteg from the D%)nni bg Todd
86 I 'iffgh; ‘ prang s - - é_] k ;; .ff ”l?rmmg a Vizleef on Iedr.nerge ree Rmoé‘-tES Hilt ¢ E’p sur; cc of eithert feh impure limestone ind calcareous conglomerate. Mapped as iens-sha ged Since 1956, these volcanic rocks have been reclassified as rhyolitic rather than andesitic (1957) have known ran eé that do not ochr withirig this Z (S Ii)nterval Todd (1957) idgntiﬁed
e y g R "/J > Y I ; i almagag zl)r 1 vation llmesltlonelsé erietedio e norfheasiem part of fhe bogies and irregular beds within u fr art of tile c;ﬁ) lomerate andp (Meijer and others, 1983; Cosca and others, 1998; Reagan and others, 2008). the foraminifera Globofotalia hirsuta, which occurs in bogth the tran'sitional facies and in the
R — 7D } / ;" ( f island and elevations less than 12 m °& 1 upper p cong We have simplified the subdivision of the Sankakuyama into two map units, a tuff unit . ; . . )
-3 - 5 | / f sandstone facies (Tdc). Contains many quartz grains and small pebbles, . . . . . sandstone member of the Donni and ranges in age from early Pleistocene to Holocene; further
/_,{,7:" | s are | / - Marsh deposits (Holocene)—Soft, sticky, bluish-gray to grayish-brown clay. granules, and grains of andesite, chert, and silicified pyritic rocks. Lithically (Tst) and a rhyolite lava flow and breccia unit (Tsf), which we believe better reflect the examination indicates that these specimens are instead probably G. margarita, which has an
- iNa F 2 3 % : ; N . ' ’ > chert, ; is and i i i ) ) \ : .
j Z // | ol Jg‘ ";Um‘j{n Observed in depressions adjacent to the western coastal plain and faunally similar to overlying basal transitional facies (Tmt) of Matansa common genesis and interfingering nature of the facies. early to middle Pliocene age (see Bolli and Saunders (1985, p. 220) for a discussion of these
<7 el G Formation i taxa). Specimens identified by Todd (1957) as Hastigerina aequilateralis in the sandstone
4 } / Q Qrl Emerged carbonate sands (Holocene)—Very fine to very coarse grained, locally Hagman Formation ) . oo & quirateralis m
DAL / o \9:.9’ . > . . “ - member range in age from late Pliocene to modern; further examination indicates that these
1 gravelly, carbonate sand. Contains abundant mollusk shells and foraminifera. Congl te and sandstone facies—Thick-bedded. largel holl i The Hagman Formation, originally called the “Hagman andesite” by Tayama (1938), was . . . . . . .
| J e ’ ’ i onglomerate and sandstone tacies 1ck-bedded, largely or wholly marine ) . . , specimens actually may be H. siphonifera, which ranges in age from middle Miocene to
{; \ g5 Emerged to as much as 6 m above sea level, chiefly on western coastal plain conglomerate and tuffaceous sandstone deposited as discontinuous, named for exposures in the cliffs of the Hagman Penlnsulg (now al.ternatlvely sps&lled ‘ modern (see Bolli and Saunders (1985, p. 253) for a discussion of these species’ synonymies).
185 i > YSFJ < / / . . intertonguing bodies. Conglomerate consists of subangular to well-rounded Hakmang) (Cloud and others, 1956). The Hagtpan Formation consists of andesitic volcanic The last biostratigraphic outlier species is Globigerinoides mitra, which Todd (1957) reported
= ) s f ) Alluvium (Holocene and Pleistocene) fragments of andesite, dacite, chert, and silicified pyritic rocks. Little or no rocks and volcaniclastic rocks that were deposited during the first-arc phase of development from several localitics in the sandstone member. Its middle Mioc’ene biostratieraphic ranee is
:'L-' ) ‘ $ 105 Cl d —D ited b hat drai 11 free quartz grains visible along the Mariana fore arc (Gill and others, 1994; Reagan and others, 2008). The Hagman older and thus incompatible with the ranges of tile rest of the Donni foraminitirapand Wit%l
1 f\ @ Ay and gravel—bepostiec by streams fhaf drain varleys was divided into three facies-based map units by Cloud and others (1956): an andesite flow other foraminifera regovered from the sa%ne samples. Todd (1957) named this species, so the
& / /‘/ / 20 Qc Clay wash—Reworked residual clay, characteristically containing ferruginous - Quartzose conglomerate and sandstone facies —Thick-bedded, largely or rock, a breccia-tuff facies, and a conglomerate-sandstone facies. We consider both the identification is probably valid. The incom atibill)i t iraises the possibility that tl?e X ec;imen
\_99\ > / / and manganiferous pellets deposit’ed in closed depressions and over broad wholly marine conglomerate and tuffaceous sandstone deposited as discon- breccia-tuff facies and the conglomerate-sandstone facies to represent volcanic debris-flow was contained inprework}; dse dimen ts or thzt there }r]na have bgen inters};m le conII;)amination
o P # \ / outwash areas ’ tinuous, intertonguing bodies. Free quartz grains common. Conglomerate (lahar) and associated reworked deposits. Consequently, the Hagman rocks have been divided A sinele sample of the informal Donni formationycollec ted by the autllloors and analvze d.
39’31 o / consists of subangular to well-rounded fragments of andesite, dacite, chert, herein into only two facies: an andesite lava flow (Thf) and a conglomerate and sandstone unit for calcarec%us naml:o fossils by Jean Self-Trail (U.S. Geological Su}ll've written communy
3 = / ‘ / Mass-wasting deposits (Holocene and Pleistocene) and silicified pyritic rocks. Bare soils in areas underlain by Tdeq sparkle in (The). 2010) yielded a sparse flora oyf chiefly Discoaster' si)ecies %his samplg ’(ﬁeld number 205’7
: e o / // g4 sunlight due to abundant quartz The potassium-argon ages for the Hagman range from about 28 to 26 Ma (Cosca and see map for location) was collected from near the base o f the sandstone member. The iden t’i-
B4 WL N ana sy Qst Shoreline talus deposits—Talus consisting of limestone blocks or blocks of others, 1998). The age places these rocks in the late Oligocene, which is much younger than . . . . : .. : o
(IS o P / both limestone and volcanic rocks deposited alone steep areas of the eastern Breccia facies—Massive, heterogeneous breccia consisting of coarse, angular . . . coned carli d fied specimens include Discoaster braarudii, D. brouweri, D. challengerii, and D. loeblichii.
§}Un ey = p g steep - =3 « the late Eocene biostratigraphic age assigned earlier by Cloud and others (1956). Further All of th . limited to either the Mi he Pli but D. b dii
c; /a / , / coastline to rounded rock fragments. Clasts are dominantly andesitic but also contain isotopic dating may resolve this discrepancy. ( 1o these spemefs ar§1 émlte IE](])\] eS1t e;ItN e1 o 1.oc:1<.3nej 0:1 the : ll(i??ne, ut abra;zln; zzf ;
ta . i g : ’ calcareous nannofossil Zones to is limited to the Miocene, and both the first an
S / - )/ abundant siliceous rocks. Clasts range up to 1.2 m in diameter. Basal facies of ’
WoUnai Fanhghg — Landslide deposits—Mixture of large and small blocks of Donni formation Densi F : Densinvama Formation last occurrence of Discoaster loeblichii is limited to the late Miocene (upper part of calcare-
/ /’g 79 - | ! ensinyama kFormation N - . . )
2 7 ‘ (informal name) sandstone and the Tagpochau (Ttl) and Mariana (QTmbh) . . . . ous nannofossil zone NN10). The background specimens include Reticulofenestra spp.,
. - P .
/ ' o Limestones. Mapped only in one area near Puntan Hakmang Hagman Formation (Eocene)—Andesite lava flows and andesitic volcaniclastic The Densinyama Formation is a sequence of andesitic breccias and conglomerates, Coccolithus pelagicus, Calcidiscus leptoporus, and Sphenolithus abies; all of these species’
. / - . . . tuffaceous sandstones, quartzose conglomerates and sandstones, tuffaceous limestones, and . . .
O / / sedimentary rocks. Maximum exposed thickness about 335 m . . . . . ages are consistent with a late Miocene age.
4 / O oo //J 3 MEMORIAL PARK . / / o - Offset residual and slumped limestone blocks—Mostly large (up to 18 m pOIYmI.Ct.IC conglomerates con51.st1ng of andesite and limestone pebbles and cobbles. Th'e unit Todd (1966) noted the occurrence of the Miocene to Pliocene planktonic foraminifer
/ | (- 7 C 0 0? NN " Puntan /e~ o J / 20 183 across) blocks derived from massive beds of both the Mariana Limestone - Conglomerate and sandstone—Massive to irregularly bedded (beds up to 3 m was originally called the “Densinyama l?eds” after the Japanese name for the ridge that is now species Globigerina nepenthes in the Janum Formation on the island of Guam as well as in
. / ) G Lo unian .= & : | : : : hick 1 lcaniclasti 1 isting of 1 called Okso Talafofo (Mount Talafofo) in the north-central part of the island (Tayama, 1938; . . . .
83 / | l, e 60 —,  Muchot; { \ _ (QTmh) and the Tagpochau Limestone (Ttl). This deposit has resulted from thick), poorly sorted, volcaniclastic conglomerates consisting of subangular N ) e the transitional facies and the Donni Sandstone Member of the Tagpochau Limestone on
r;, | ale ) A L oo \ / : Qrl (. 'Q . !] - / slow downhill creep (with little rotation) of these blocks over a surface to rounded pebbles, cobbles, and boulders of porphyritic andesite in sandy to S?d an(iztl;lers, 19856)'. T;l ¢ fot;manm; 15 dls(;?ntflnucgtl;sly ei(p?ssflq fromt the vicinity (t)}t; Bobo Saipan (both now parts of the informal Donni formation). On the basis of these observations,
/ = AT Wi ] e ~ ! / / underlain by the Hagman Formation (Thc). Conglomerate and sandstone of silty matrix. Interlayered with beds (up to 1 m thick) of moderately to chugao (Achugao Spring), n the western part of north-central saipan, 1o areas near the Todd (1966, p. 21 ted that the Donni Sandstone Member might be stratigraphicall
/ \\ <g/ } @ ~ Micro [ AP S0y = = / // K ] the Hagmag Format;gon is locally engsed)betwegen blocks. Mapped only in well-sorted, locally crossbedded, volcaniclastic sandstone. Probably repre- village of Papago, about 6.5 km to the south-southwest. The Densinyama Formation was s:parafte fro’n? and)}/sc:lfng;:rihanihe ;agggzﬁaf Iii;q(;rslfoneér}lh:rpr;rlt%ally Zlfaric;gfrc?rZr;?Eieral
/; o O(/\'f g‘rf K Hooch| " af v \ ’ / Fatn T e S QT 7o Ta!afaffJ/ / / one area near Puntan Hakmang sents volcaniclastic debris flows and other related sedimentary deposits. divided into four facies-based map units by Cloud and others (1956), a subdivision that is fauna suggests that the Janum Formation and the now informal Donni formation may be at
\ L ‘)ms%g | ) ’ D F o e ~> S @h / / o Deposits exposed at tip of Kagman Peninsula are finer grained and appear retained herein with some mod1ﬁcat10n to the facies names: a breccia facies (Tdb), a . least partly coeval. The Janum Formation is a tuffaceous, globigerinid-rich limestone that is
- | . A 0{/ - " y LT Jﬁg i Qp: B\ / f % o Qtd: -] Younger terrace deposits (Holocene and Pleistocene)—Tuffaceous sands and more distal than deposits to the north and west conglomerate gnd sandstone facies (Tdc), a quartzose conglomerate and sandstone facies found only in sea-cliff exposures in the northeastern part of Guam. The similarities in age and
ro? ( H\Q | ( ( éﬁ%ﬁg\?\; i < . > e E o/ gravels of lowest terrace above emerged carbonate sands (Qrl). Mapped only ) ' N ' (Tdcq), and a l?mestone and cc')nglomer‘ate facies (Tdm). ‘ ' lithology, as well as their topographic positions relative to their respective islands, suggest
o AN 5 5 L S N 4 X i RN — #f in one area near the central part of the northwestern coast - Andesite lava flow—Dark-gray, buff-weathering, porphyritic andesite lava The Densinyama Formation overlies the Hagman Formation; therefore, it must be that both the informal Donni formation and the Janum Formation were influenced by similar
o / _ ) %}Qﬁ - _ oL G L el TR EREE 1% = — A~ — = = — = — — — |— — Y” - - e flows. Typically about 3 m thick. Interfingers with conglomerates (Thc), younger. The late Oligocene potassium-argon radiometric age for the Hagman assigned by tectonic activity that created a relativelv deep marine depositional environment on the eastern
"8Z [ - = c - ) - \ o %“J </ i LR ) }J;'M % gt . = g § 1 Hasngot ( 8 - Residual clay derived from the Mariana Limestone (Holocene and except on Kagman Peninsula, where flows are absent Cosca and others (1998) conflicts with the chiefly Eocene to possibly early Oligocene ages sides of both SZi an and Guam durin i]ate I\I/OIiocene an dpearl Pliocene time. This timin
‘o lIJ oz N J; jf ) : b b7 8 cy A ZaE=tw = As ! 375 | | Pleistocene?)—Mottled yellowish- to dark-brown and gray clay. Developed . L ) ) assigned to the Densinyama by Cloud and others (1956) on the basis of larger foraminifera. incid h pan dof qui & lone the Mari bg " d the sub 8
ot ] / 0 AN o oF o + B T y / 00" f L R S —;,;7) & B ~on (J' | + / (Q T —|12730" over rubbly (QTmr) and massive (QTmm) facies of the Mariana Limestone. - Hagman Formation, undivided—Shown in cross sections only We have assigned a tentative Eocene age to this unit. ;Zg:g oi‘stlr frOan 1t>:1r12m<; oiifj%?ulfa?i;%wi) ariana subduction zone and the submer-
| [ v )):3 i ~ ir 2 :w:-:-_/r\__\. < ? /}g,) A rf 7 S : / ( | Maximum thickness about 12 m . . ) )
' ! hl S N / { | Sankakuyama Formation (Eocene)—Rhyolite flows, flow breccias, and Mat Limest
| \ \ L& fég A~ S SN ¥ N‘ ! : 1 | y ) ) atansa Limestone Younger Strati hic Uni
| B AT | . _ 3 / . .  yirtooh . _ Thi 40A g3 1+0. ' ' ) N ger Stratigraphic Units
‘(\) g;ﬁ?@m“‘g ) i &j\ AR ,4' ,')F 9. \__//;‘41\‘]11&\ 3 = ‘b # \ (\ \ | CJ Qta Tanapa% IL lmeswneb(lglelsmcene)f A br'owrl; elmer%gnt frl1nglng orl ?IS{l;:] (;Z;E(fifi)tggrf k;(S:S;)at feast 300 m. BATTArage ofd31 =03 Ma The Matansa Limestone is a sedimentary sequence that transitions upward and laterally The occurrence of a variety of both bedrock and surficial stratigraphic units that are
J 38 ,n—%( e \ ol \F 3}} R (o488, “Tdos fo mm \\ - H‘ Elee lmeStgnecg . es‘[1(1)ne . ran(;efs ton’? OCCFH1H§ ) Ol\lv rln N e\ﬁtlofl' : ’ from an impure carbonate into a pure-white, shallow-marine limestone. The Matansa Lime- ounger than the informal Dom}lli formation are shown on the ma "l%hepma -unit names and
/ j é\ fﬁ 5 ; S a gl L ) .. 2 Ty ’Q, ( “(-\‘. [ J o S ( dR | \ \\ 273 CD miﬁa:;liscinzgs 2321::/ ei S—IP;Ireserve oI corais Ane cortTine iete M - Tuff—White to buff-weathering, fine-grained, irregularly bedded rhyolite stone was originally called the “Matansya beds” for exposures near what was called the des %or these units were retained from the work of Cloud and otlrl)érs (1956l; Brief descrip-
I o 'a 2 L e S ) . . . . . € 3 101> 1 :
'r \ & % . J 5 ; / K -Z" ﬁﬁo Vg B = & - . 1' | \ 81 ash-flow tuff. In island interior, layers are up to 9 m thick and are intercalated Matansya dls.t rict” by the Japanese (Tayama, 1938). The exposures are located in th? tions may be found in the Description of Map Units. For more detailed descriptions, see
ngy 17 I‘ \@\ . 3 & («i? < . \ 54 I/‘ %ﬂ?’ . O = — - — Puntan J / \\ l o | Terrace deposits younger than Mariana Limestone (Pleistocene)—Iron- with flows and breccias. In cliffs under Bird Island overlook, up to 30 m thick west-facing cliffs (Laderan Papao, or the'Papao Cl'iff's) just southeast of the present village of Cloud and others (1956). ’
\ o o P\ e Frrg S \ Q (= >4 \_/'}‘X //%k‘; ) [ P L Gloria I 4 B stained, locally quartz-rich, reworked tuffaceous sands and minor gravels at and laterally interfingers with rhyolite flows and breccia (Tsf); on Bird Island, San Roque. The Matansa only crops out in a few limited areas on the northern part of the
\ @“““—w n fg — O \ IS ¥ \i\&, \ ' s : : /’x ( | o elevations between 30 and 171 m. Clastic material is derived from erosion of grades upward into massive, white matrix-supported breccia with angular ;Sllgngj Thfl l\flatanila was Subleiided 1}11“0 three }flacll)es-blased map uIlllftS by ?lou(; aIllld Othirs STRUCTURAL GEOLOGY
~ | | I5) - | ] =i R e P : : indi 56), which are herein retained in this map: the basal transitional facies (Tmt), the pin
] '\ T S , A < ¥ ] Qta ) older volcanic units. Maximum thickness 3 m gray clasts up to 0.5 m in diameter ; ! -
O j i%%ﬂﬁﬁﬂei . Iﬁ' J h j . ¥ ij { N )) al z % ] facies (Tmp), and the white facies (Tmw). ) ) .
i { ,({Cﬁ % ) R, ) o+ \L‘l\\ ——— N R = \| I =QTtvc= Residual clay derived from the Tagpochau Limestone (Holocene to - Rhyolite lava flow and breccia—Gray to white to locally reddish, fine-grained Like the underlying Hagman and Densinyama Formations, the Matansa Limestone According to Cloud gnd others (1956), the rock units on Saipan are cut by a number of
' N / < e, ;j < B .@/ N ok G “ =% . / f - Pliocene?)—Mottled and banded clay, either light gray and white or reddish rhyolite flow rock. On outcrop scale, interfingers with massive to locally contains larger foraminifera that indicated a late Eocene age (Cloud and others, 1956). normal' faults, most of which trend northeast to southwest. anq have a down—to-t.he-west sense
\ |0 J (E )}zi};&u% / ) d U DAY AR A ,“___' "{ﬂ DO T ‘ : % ! / brown and yellowish brown. Developed over the Tagpochau Limestone flow-banded, autoclastic breccia consisting of welded, angular rhyolite clasts. Because it overlies both the Densinyama and the Hagman Formations, the late Oligocene Ott mothn. Cloud and others (1956.) observed westward-dlpp.mg surfaces th"}t dl.splayed
H) / »/ 1 / g S~ 2 ) QTm / f (either the marly or the tuffaceous facies). Maximum thickness at least 12 m Phenocrysts of quartz and plagioclase up to 2 mm length locally common in potassium-argon radiometric age for the Hagman assigned by Cosca and others (1998) is slickensides along some of the major faults, such as the Angingan fault, which juxtaposes
| / A f UvEsy < o / < (715“ AW /5 y ’ / f / 80 both flows and breccias again problematic when compared to the paleontologic data. We have assigned a tentative older volcanic rocks of the 'Fma—s1su Formation against younger limestones. They deduced
"80 \ {é &%} & ( ' J - __A o ) ! mim"/{s_? . } - If Mariana Limestone (Pleistocene and Pliocene)—Limestone, commonly - . o . 1 Eocene age to this unit. Oﬁfﬁets (})1n thefe faulﬁs ra'ngm%f ﬁ'(zm ?gwllietefs to %iuIEUCh as aélundrzd gr morefrtllllet?rs’lt
& / i 5 - A - o, (. / | coralline and algal, partly argillaceous. Maximum inferred thickness more - Sankakuyama Formation, undivided—Shown in cross sections only although no strata showing offsets of the latter magnitude were observed. Some of the faults,
i > -~ / : ( - > i \\ - ) than 152 m Tagpochau Limestone such as the Obyan fault, display evidence of relatively recent movement inasmuch as they
g J f ’ ‘. N SIS P / 172 ffset the late Pleistocene T: Limestone. Some of the fault bl ti
) / ,f e = L -FHRNC (. s \" bog, Nl 2 \ \ . . . . . . . . The Tagpochau Limestone is the second most (to the Mariana Limestone) areally ofiset the fate Fleistocene anapag Limestone. Some o1 the 1aulls presumably were active as
/ o | § /; o ks \k \.@f_’ﬁ] \| ) -f;/\ } o3 ..___T%_ == \ b 5 . QTmh Hti(lmeda-rlch fall(mes—Dlrty-.whlte anq l;r(?wlr; rrllflssg/e .to.bedde((li,.bloclasjuc EXPLANATION OF MAP SYMBOL.S extensive rock unit exposed on the island and marks a period of complete submergence of far baqk as the Ohgocene', as indicated by the .profound unconformity between the Eocene.:
'n / r&g E j, f ! \ﬂ\ 3 4 % / fi\_‘ =L g W - CJ ‘ 1\1/[mesto(§1: (fﬁc stclnefto gra}nstt?ne.) r1(cQ n )a 11(111.e ta Jomctls an .tlligi)res51ons. Contact—Approximately located Saipan beneath the sea. The unit is a complex of primarily carbonate rocks with a relatively Zolcat;;: r(;sks an(i1 the Mlocen(eir ng:oglchau lefstfone; }ECloud anil o;}tl}el:rs, 1 1956)'. A cotml;ma;I—1
, i & - 7 3 s apped to the east of massive facies (Qmm) and intergrades with it over a . . . I, « ion of faulting and erosion undoubtedly accounts for the removal of the volcanic vents for the
& 3 | - = xerl ﬁ’.\ e - : Q — minor amount of clastic rocks. The Tagpochau Limestone was originally named the “Tappo- ) .
/ _ / g 999’ B f I. ;_é_ \k}; / J] k\ ; @? ‘%\ X 8{:‘2 _— ?o\ large area _l[J) Faults—Solid where locgtion is accurate; dashed where .location is approximate; cho Limestone” by Tayama (1938) for outcrops on what was then called Mount Tappocho. volcanic r.ocks3 wh1<.:h were loca‘Fed to tth west and porthwest .of the present exposures.
j o <P & fh e S : S :Fd%B._? S\Warine Beach, \ \ \ ~ s Massive facies—Dirty-white or pink, generally massive and cavernous short da§hefi where n?ferred; .dotted where location is concealed. U (up) or D The name was later revised to Tagpochau Limestone by Cloud and others (1956) to better fit Our 1.dent1ﬁcat1.on of tectonic l?recc1as apd the interpretation of a('ldltlonal fault traces has
"79 (! jﬁ‘;’) ' / / < A af o (U ' i/ S S XQrb— Purttan N \ N » bioclastic limestone. Coral- and al’gae-ri ch reef and rubble limestone’ (down) indicate relative motion the English spelling of the Chamorro usage. The name of the geographic feature was changed le?d to a reinterpretation of the fz}ultlng on Saipan, which we now consider to be more exten-
- & 4 [ ! \ . 4£> 9 ) . Halaihai \\ ‘ (floatstone, bafflestone, and rudstone) common in southern Saipan. Dull-pink PLANAR POINT FEATURES to Okso Takpochao (Mount Takpochao) on our 1999 USGS topographic base map. In addition stve a'nd throughgoing than depicted by Cloud and others (1956). The elongate body of
5 > o, R 4 P \ Qta \\ | ‘(Q aleaetich iimestone (Q’mm ) locally mapped within Qmm. Deep weatherin . . : . . to the spelling change, the Tagpochau Formation of Cloud and others (1956) combined the br'ecc1a east of Okso Takpochao (Mqunt Takpochao.) is now thought to'mark a nf)rmal fault
. ha - SN | \ \ ) | gac ' ' p Yy mapp : . p g [May be combined with other point features at point of observation] f d 1 . £ divided th : with an east-side-down sense of motion; this fault likely played a role in the uplift of the
. LV E RS 3 s ) \ \ of this facies resulted in development of clay deposits (Qmc) ormer Toppocho and Laulau Limestones of Tayama (1938) and subdivided the composite tral part of the island duri ddle Tertiar fi
D ~ I 5ES G B —/ /( 4 “// }\} : o | QTm\% A \\ \ Strike and dip of bedding formation into two members and six lithic facies. The two members were the Donni Sand- cen rao part ot the1s in th lirtllrllg;m ¢ eogary 1me(31. Dago faults ( 4bv Cloud and
ar . WY 0 o= | W / ks | - C A . . b d the Machegit Conel Member. The lithic faci . D th ur map suggests that the Agingan, Obyan, and Dago faults (mapped by Cloud an
. O 0 7 4N i P { AN 2\ % ! Acropora-rich facies—Argillaceous limestone (floatstone to bafflestone) rich stone Member and the Machegit Conglomerate Member. The lithic facies units were (1) the - -
< e, & : /'Fﬂ ] )ﬁ} A 15 ! l N | N \\\ ~ in Acropora, most of which is fragmented but some of which is intact and in K Inclined transitional facies, (2) the tuffaceous facies, (3) the marly facies, (4) the inequigranular facies, othe.rs (195.6) at the south enq of the island) are part of an anastqmosmg networli that passes
e {4 U 2 \ T 18 life position. Commonly weathers to thick residual clay. Contact with (5) the equigranular facies, and (6) the rubbly facies. They also mapped various areas in the on e':lt'her 51(,16 of the cent.ral highlands and connects to faults cutting Laderan Bafiadaru .
b ) o 3 }.’ % i Tdos < a ll ol D Q:.?naf Laolsa |Kattan \ \\ CJ massEve facies (Qmm) iz gradational (generalized on m};p) @ Horizontal southern part of the island as undivided Tagpochau Limestone (their map unit Tt) (Suicide Cliffs) and Bahia Fafionchuluyan (Fafionchuluyan Bay). Most of the faults on Saipan
‘::.':_ 4 Y o Y R R P J— — - L . . . ) . 1 -S1 - -s1 -
= S Y _Q : o ‘%// : - i /L Tank_Geach 3 )" 78 Strike and dip of joints In our scheme, the Tagpochau Limestone consists of three map units: a tuffaceous facies trend north to northe'tast, and all are thought to be nqrmal with both east-side- and west §1de
%78 — ' { o \\f{ Z / . : £/ - =N \ : 500 Rubbly facies—Highly argillaceous limestone (floatstone); includes large (Ttv), a marly facies (Ttm), and a limestone member (Ttl). The tuffaceous and marly facies down senses of motion. Most o'f them are reflected in the topography, and the cross sections
/ & / otz | . X PR ZASR , 5" \ Q" amounts of broken and displaced coral 60\\ Inclined are basal units containing significant amounts of terrigenous material derived from the suggest offsets that are mostly.ln the range of tens ofmeters. The Laulau Bay fault of Cloud
\ f ff . .","' 0 p 4} ///’;éf/’ -~ = e - \ 4 o | . 573 Older d its (Pli 2R «ed areill locall ttztich weathering and erosion of older formations. The limestone member is a composite unit that ;nd .othelrs (195 6)Bh15_ aI\iveslt—su(iIei—d(;wn};en)se :)ftr;lotlont;nd e?ten;l:hfr(?nll thde Ha(llkman% i
/R N : ' 02: ¢ er terrace deposits (Pliocene?)—Reworked argillaceous, locally quartz-ric Vertical . . . . . eninsula across Bahia Laulau (Laulau Bay) to the southern tip of the island and possibly
! / £ B\ > 0% : . \HL ) AT . . i & includes the inequigranular and equigranular facies of Cloud and others (1956) as well as . o
Y / j?‘y NG af < e { : 5 S Qta g% AN 52 Q sand and gra\./el. Ttol 1pcludes highest and oldest deposus,.between 171 and areas that they mapped as undivided Tagpochau Limestone. The cleaner carbonates (that is, onward to thellsland of Tinian about 12 km to the southwest. Other faults trend more east to
e ot ! e | 2 216 m elevation. Tto2 includes lowest and youngest deposits, between 152 OTHER FEATURES . . : west (connecting the north-to-south strands) and are less well understood, except that they are
; San Jose//fz fuss - Tdo: e ﬁ\ % S » younsg POSIES, cleaner relative to the tuffaceous and marly facies) of the limestone member represent a i g o ’ P y
%‘{ 45 -\ ¢ /Gt X L /\ e T 7.3 S \\ and 177 m elevation Area of brecciated rock; chiefly found within the Tagpochau Limestone period of time when the whole of Saipan had subsided beneath sea level, shutting off possibly also §t§ep1y dipping normal faults.. ) )
10" 7 29 + A - ST ) — e oPuntan 4 + —10° Donni formation (informal name) (Miocene and Pliocene?)—Calcareous and * 5662 Sample locality referred to in text subaerial erosion and the supply of clastic sediments. The equigranular facies represents local Fault activity has extgnded from the middle Tertiary to the present, with even the )
, / é WS .. '1; 5 3 ! _ un;fg;m s s //ﬁ __{'ffjﬁo Kattan ! ol tuffaceous marine sandstone, conglomerate, and tuffaccous limestone. Total areas where the inequigranular facies recrystallized to an equant-grained cement under youngest Holocene forma.tlons shf)wag offsets (Cloud and others, 1956): A north—trendl'ng
77 | / - o .'-' Qg 2 - 5 ) ?If!’) el Cmm . rl\ £ ,_,J/ J inferred thickness about 58 r;1 ’ meteoric diagenesis. bel'; }i)f tII;e 1nf0rmal DOSIE formatllg)n Jusl; 'northwest i)lf ththaTkmanghPenIir}sulatrests r;l}a:'r1ously
\ g; R ’\\\ rt = = g NS R NN : ility 3 //'7 % © / ! INTRODUCTION Following our examination of the rocks formerly assigned to the rubbly facies, we on the Lensinyama and Hagman Formations as well as the lagpochau Limestone. 1his
\ / 5 4 / Atﬁeti\c‘\t?\ 5= N |\) " Un, % i/ / v/ Qst I/ Tdos Sandstone member—Light- and dark-brown or yellowish- to olive-gray, Thi i date and reint tation of th | fthe island of Sai concluded that these rocks are tectonic breccias marking the traces of normal faults in the 1mp11es(;hat diff?tehnt{;ﬂ er051}(l)n (EQSSIbtly trléggered by ‘:n(;d_f[ﬂiiTemiljy f;u;ltfmox;;mglt) )
; 3 4 Field Q. /2 5 oy Bopiy y thin.t i f ) ‘ st | is map provides an update and reinterpretation of the geology of the island of Saipan. Tagpochau Limestone, not a fore-reef talus facies as had been suggested by Cloud and others removed most of the Tagpochau Limestone (or prevented its deposition) before the Donni
! K I3 ‘(‘\%‘-\o .0 e 4‘ LY A I i arl M Pt At LN - /\&/ o / in-to medium-bedded, tuffaceous, calcareous sandstone, ststone, mar, The geology of the island was previously documented by the U.S. Geological Survey (USGS) 19g 5 6) The b iated rocks have b ioned to the limest £e b Y fthe T: h formation was deposited. Accordingly, a fault that offsets the Hagman Formation against the
2 /i OV xS o PO - o shale, and pebble-and-granule conglomerates. Commonly rich in smaller . L. . ] ( ). The brecciated rocks have been assigned to the limestone member of the Tagpochau . . . . . .
/ \ £ A, iriangd” LN ) wﬂsﬂwk PIYE S careg NN / & / = foraminifera, particularly globigerinids. Overlies informally named Machegit in Cloud and others (1956), which includes a geologic map at a scale of 1:20,000. The (Ttl) and are indicated by an overlay pattern on the geologic map. Similar cataclastic breccia Tagpochau Limestone just west of the Hakmang Peninsula is shown on this map as extending
7 4 & . n T —TT T e 4 7 & . . . . . e . . - . ) . . .
| / . n‘;?' N A A ) N o P S QQ o / The & — 310 conglomerate member and the transitional facies. Maximum thickness 58 m fieldwork for this project was performeq in 2006 'and 2007. In ad'dltlon, our interpretation of zones occur on the nearby island of Guam (Tracey and others, 1964). The breccias of the northward underpeath the Dpnnl, we suggest that this segment of the fault was active only
| { &5 AN : - T k\ N QT %0, / loud and others. 1 data, both our own as well as that of various studies completed since the publication of the limestone member are chaotic and mosaic breccias according to the fault-breccia classifica- before the Donni was deposited.
| Q™ N - - N Tdot / (Cloud and others, 1956) 956 ires ch nk 1 d stratigraphic order f fth £ !
| | s 7 X3 7% Ve L ll\ = i\ { 1956 map, requires changes to rank, nomenclature, and stratigraphic order for some of the tion of Woodcock and Mort (2008)
| ! b y LR v\ 10 " . . . . . . . . .
- / J {,(;; Puntanf ‘ (-—/ }’anrbq \ “Jdos 3 ) \ l'\ 7% Tdot Transitional facnes—Calcgreous conglomerate and Fuffaceous llmestone and Mloclzne map units. Soniie of the detaﬂs ZUPP_(I’YSH%) these 'changzs are (l.lsc1(1lssed bilOW; ; We assign the remaining transitional facies, the Donni Sandstone Member, and the REFERENCES CITED
/ ] “ Bapot 3‘1 i ga \o" & o l i sandstone, commonly with abundant larger foraminifera (possibly reworked N attempt was made to repeat the ?tal ed observation an massive ata collection o Machegit Conglomerate Member as informal members of the informally named Donni . . . )
T - “’3 ; @ \ from the Tagpochao Limestone). Sediments transition upward or laterally into th? egrher study (Cloud e?nd. others, 1956); rgther, only modest additions were made to the formation, which is discussed in more detail below. Bolli, H.M., and Saunders, J.B., 1985, Oligocene to Holocene low latitude planktonic
. AT v Hakmang I the sandstone member. Maximum thickness in outcrop of about 12 m existing data, and some limited reinterpretations of the geology were made. Most of the The Tagpochau Limestone is early Miocene based on the larger foraminifera species foraminifera, in Bolli, H.M., Saunders, J.B., and Perch-Nielsen, K., 1985, eds., Plankton
; | e ! map-unit delineations and designations from Cloud and others (1956) were retained; any recovered from it (Cloud and others, 1956; Cole, 1975). stratigraphy: Cambridge, United Kingdom, Cambridge University Press, Cambridge
s The Qs\ \ Tdoc Conglomerate member—Boulder and cobble conglomerate of reworked significant changes are noted below. The original 1956 map, which was plotted on a World ’ ’ ’ Earth Science Series, p. 155-257
o) . . . . . . . . . > B :
2o $ Bl e . volcanic materials. Resembles conglomerates of Densinyama Formation. War II-era topographic base (U.S. Navy, 1944), was scanned and georegistered to a new Fina-Sisu Formation Bolli. H.M.. Saunders. J.B.. and Perch-Nielsen. K.. 1985. eds.. Plankton stratieraphy:
& Ny SERAR i), Islets Maigo Luao ! : : . ' . ' . ' : olli, H.M., Saunders, J.B., and Perch-Nielsen, K., , eds., Plankton stratigraphy:
B % \ ““_:;—;Eﬂ_hﬁ__w& = QTmh @sthtan ) ’{%f%{ﬁde” Island) \ Il;ocalltljl contains d;calglﬁed.blﬁ/}:kslderlve;ll .frlgnm the til"aglpocheig Limestone. ;(/)[pogfaplic base rrllgg ;U.Sa?leoiloi?cgl. Slilr\./ey, in coopere;‘?op \}/Ith th§ National In(l}algéery and The Fina-sisu Formation was named by Cloud and others (1956) for exposures of Carpbridge, United Kingdom, Cambridge University Press, Cambridge Earth Science
7 \4 /' T T 7 akang » ,E\ I ] ossibly a nonmarine deposit. Maximum thickness of at least 12:m f app f[n% gency., fdi ff) and han thlgmze m}tl(,) a gef)grte.lp 1 1(111 t(})lrmatlf)nbsylstem (th b) calcareous marine tuff (Tf) and interbedded volcanic flow rocks (Tff) in the vicinity of the Series, 608 p.
; 4 Te—— i *75 — . . e ~ ormat. because of ditferences n the geographic projection and the scale between the base Fina Sisu hills located near the small village of As Lito in the western part of southern Bramlette, M.N., 1957, Discoaster and some related microfossils, in Geology of Saipan,
: ] - (" - - - Ao : Ti<(Tff | Fina-sisu Formation (Miocene)—Interlayered andesitic marine tuffs and basalt maps, as well as the small amount of error introduced in the digitization process, some small BT vias e P N Mariana Islands. Part 3. Paleontology: U.S. Geological Survey Professional Paper 280—F
*75 | ¢ % Vi S flow rocks. Tuffs locally rich in planktonic f inifera. Includ tel N . . L . Saipan. They were the only known exposures of the formation and covered an area of about ) > gy- U.o. g y p >
— — : y planktonic foraminifera. Includes separately spatial distortions of the original data have inevitably occurred. The changes to the map-unit . . 247-252
\\vﬂ mapped flow (Tff). Maximum thickness at least 122 m tacts and fault locati based ficld ob " Both the orieinal structural 0.6 square kilometers (km2) according to Cloud and others (1956), but the exposures were not p- :
e ' contacts and fault focalions are based on our Held observations. 5o ¢ oniginal structura successfully located during our mapping; therefore, the following descriptions are based Cloud, P.E., Jr., 1949, Preliminary gazetteer of geographic names for Saipan: Tokyo, Japan,
% TOPO %l}:A-Il:[-léC MAP Tagpochau Limestone (Miocene)—White to pink, locally variegated, massive to data published by Cloud and others (1956) (including bedding and joint orientations) and the cllllieﬂy on t}}llose of Clz)lud in(;l otherpsp(19g;6) except’as noted.vléxfosures (I?f relatively fresh U.S. Army Far East Command, Geological Surveys Branch, Office of the Engineer 26 p.
/7 b 2 . . : . . . . .
e bedded, locally fossiliferous limestone. Locally rich in clasts of volcanic gew data th?.l; \gle re measur;:dhanglr gcdorded ml\/% 006 ?nﬁ 2007 are d;fplayed on thils .mal}:'. These rock are reported to occur only in a few tunnels under the southern part of the Fina Sisu hills (Also included in U.S. Geological Survey, Pacific Geological Suryeys Rep‘_)ft 310.)
f A // rocks or fine-grained argillaceous material derived from erosion of older ata ar@bavatia ?Fas part (i 92 8e h a;[laset. O.St 0 tf ilst'ra‘ggrapulc name; Kie hl n t 1S map (Fuller and others, 1980). The tuffs are well bedded and locally contain abundant planktonic Cloud, P.E., Jr., Schmidt, R.G., and Burke,.H.W., 1956, Geology of Saipan, Mariana Islands,
y f S// IS LAN D O F SAI PAN formations. Most common unit exposed in the higher cliffs and uplands of o a;m AR a}l;amaf( h ; W'ltf - echeptlondth ¢ 1-nf Orma- Y pame 1 N 'eglt f thi foraminifera. Sparse calcareous nannofossils also are present (Bramlette, 1957). The tuffs Part 1, General geology: US Geo.loglcal Survey Pr.ofess1ona.1 Paper 280-A, 126 p. .
4 B f AHI A Q /L A OLA O central Saipan. Deep weathering over marly and tuffaceous facies resulted in cong omerate member o the now informally named Jonnt ormgtmn (an explanation of this closely resemble lithologies found in parts of the underlying Hagman Formation and also in Cole, W.S., 1958, Larger foraminifera, in Geology of Saipan, Mariana Islands: U.S. Geologi-
/ . ’ . . . . change in status is included below). The spelling of the geographic names and features on L . . . cal Survey Professional Paper 280—L p. 321-357
y & : / A S ) development of clay deposits (Ttvc). Maximum inferred thickness about 305 Sainan has oh d h lfine in sotential confusion. Thi ains th parts of the overlying informally named Donni formation. The volcanic flow rock was y p 2P . . o .
‘574 ) _ [ / ) / : 5 & . g n et % 2 / X/ 300 COMMONWEALTH OF THE NORTHERN MARIANA ISLANDS ) m a'lplanl as cll'ange ocxizefr E years, resuh'mg in potentia fcc;ln slljon. j is map retains ! e1 described as a light- to dark-olive-gray and greenish-gray, vesicular, aphanitic to finely Cole, W.S., 1975, Concordan.t age dgtermmanons by large.r fmd planktonic foraminifera in the
/ / <&, J,:; & San e : v (g_h“ ’ 6 ( o/ original spellings used for the stratigraphic units, most of them based on a gazetteer of place porphyritic augite andesite. More recent workers have classified the rock as basalt (Meijer and Tertiary of the Indo-Pacific region: Journal of Foraminiferal Research, v. 5, no. 1, p.
| / 6‘&;3 " & Antonig, . : . A ; / | I / SCALE 1:25 000 Tt Limestone member—Massive to well-bedded, relatively pure, sparsely to names prépared by Cloud (1949). In cases where the native Chamorro langua.lge is used for others, 1983). Most of the flows are less than 6 m thick; however, at least one flow may 21-39.
| === £ %&Q // L7 Z i }9/ | ) VQ// : s 0 KILOMETERS 1 5 abundantly foraminiferal limestone (mudstone to grainstone)) zée(’glral?hli geatures 1(53}9” b‘ifwh’ mﬁuﬁltalnz anld s0 on) on'(tlhfl new topographlc base map (U.S. exceed 30 m in thickness. The Fina-sisu typically is highly weathered, and areas of outcrop Cosca, M.A., Arcu}us, R.J, Pearcg, JA., and Mitchell,.J .G., 1998, 40Ar/3.9Ar agd K-Ar
/- 7 I A o 7 he Vs ! /" / N 1000 0 METERS 1000 2000 Eos v iardy facies— Massi bedded. areill i €0 E}ilce} | ugve%’as 7 ),.t le Engdls. e}?ml://[a ent 1SIP{0V(11 eb mn Paren;fl elillf'.l' . . have become overgrown with vegetation since the 1940s. geochronological age constraints and early evolution of the Izu-Bonin-Mariana arc
K IK & d;p-’ © an W 5 Qvoly— p 3 Y . : 05 . 9 | o Tm arly facies—Massive to well-bedded, argillaceous limestone b ; is Sn 0 alfl;an 1sl qcazle 11;10'[1 ;30,2,11331113 s _ands, | 22?4656,1(1) (;”E f} 1p1131n§ ca an, Todd and others (1954) reported a probable late Oligocene age for the Fina-sisu Forma- system: The Island Arc, v. 7, p. 579—595. -
ii > & : G . a) ek / /! HILES 2 et Tuffaceous facies—Massive to well-bedded. impure limestone containin the Facilic Ocean, at about latitude U ., longitude L (fig. )', >AIpan 18 tion based on planktonic foraminifera. On the basis of this age and inferred field relations, Fuller, J., Dunn, J.R., Green, G., Lin, Jin-Lu, McCabe, R., Toney, K., and Williams, I., 1980,
( ‘g 3‘7 §_. L I ,g,... L 0 0 / » mM____0 1000 2000 3000 4000 5000 6000 7000 BOOC 4000 10000 TS arwillaceous material and clasts of volcani; rocI:)k g about 193 kilometers (km) northeast of the island of Guam (a U.S. territory). Politically, they thought that the Fina-sisu was both partially coeval with and also overlain by the Paleomagnetism of Truk Islands, eastern Carolines and of Saipan, Marianas , in Hayes,
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