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                  Nephelifie Basalt of the Chih$ia District,

                            Shantung, North China

                                       By

                              At-smao flARuMoTe

                Ceological ancl inineralogical Institute, University o.f Kyoto

                              (Receivecl Aug. 14+, 1953)

                                    Abstraet

    A new nephe]ine bas.alt, and perhaps the fourth to have ])een found, in East Asia is here
descrlbecl. Its inesa-ihaped }ava {lows, resting on gravel })ecls, aTe attxactive. The roek is
typical in mineral and chemical composiLion, and sometimes has pegmatoid seg.yegations and
o}ivine noch]les. Olivhies anc}t cl'iro'me clio})sicles ln olivine nodules.from nepheline ])asalt, and

from orclinary elivine basalL see•m, respectlvely, to show veyy g. imiiax inineraloglcai characteristics.

    The significauce of olivlne noaules as ati o]iigin of nepheline basalt is eonsidered.

                                 Sll'tl'OrfxxCtiOkk

     Forty years ago, B. I<eto reported fbeom Ying6-men. iV{anchttria, "the f/trst
genuine occurrence••••o{'` nepheline-basalt in ti}e Kereo-Japaltese aRd Chlnese re-

gions." (1912, }]. I.) At nearly the same time, Nagaharnai became known as a
unigue loca}ity of the roclst in Japau; ancl Åíor a}eiitocr tlme tl]ese two have been

well-known localities ef rock of this kind !n these regiens2. In 1940, I had
occasien to v!sit the Chi!}sia3 cliserict ip.. Shantung, Nortli Chin. a; and during my
Iiasty geological observatioiis I colleetecl fifteen or }actere specimens of basalt-leoking

lava frem varioas portions of :Irangshana, Hsiao-lrangshan5, LaochaishaltG, ana Fang-

shan7. 0n microscopic e: aminatioii I founG all of the speeimems te be typieal
nepheliBe basalt, contaiu!ng ne feldspar. This occurrenee of Rephe}ii e basalt has
been rece.nyaized8, perhaps fer t}]v" fust time, aitd inay be only the fourtl} known

in East Asia.

I. Accortiling to S. Yainane's recent adltlresr, the Nagahama lav.a whicli Nsras under his investiga-
tion in 1910, was .acX'no;yledged by J. ?. Idclings, then on a vlsit to Japan, to be a nepheline
l'}asalt (Yainane, l953, p. 279>.

2. A nepheline ]/)asall, an amygclaloid ree.k in which nepheline is present net in the form of
crystals )mt as }eptoinorphlc mesostasis, ss7tts reporte(1 by A. Lanlelg' (1908) from N'an.crshan, west
of the town of WÅëihsien in Ehanttmsr: Citecl by I<oto (19.i2, p. 5).
3. tw.ff,.!•, 4•. E}.rml"ii.1.l, 5. ijN,E,31gifll_I, 6• :l!:'!•.llit.Ll, 7. ;iii.l/I.

8. A preliminaary nete oxx this roel< was publishecl some years age <I'Iarumoto, l94,9).
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    The lava-eovered gold placers of the district were itivestigated by Fexxg, who
gave a brief account of the geology, and referred to the petrography ef tlie ]avas,
having regarded them as Rorrnal oliviiie basalt (Fong, l937).
    In this paper, clescript4on of field observations and petrography of the i).ephe-

]ine basalt are given. Olivine nodules from thEs rock and those from vario'as
basaltic roeks in Japan were compared, an{l their nietrogenetic significance as an

origin of nepheline basalt was considerecl. In addition, three nepheline basalts
of l]ast Asia were compared, in view of their chemical eomposition and geologica}
features.

                             Fiel(l ltelasioxis

    The Cliihsia district, in the east-ceRtral })art of tke Shantung Peiainsula, forms
an undulatitag p]ateau lyip.g about 150 to 2eOm. abeve sea level, sind is clrained

by a number ef small broad-fioored tributaries of tke Lumpo River. A large
part of the area eonsists of Taishan Complex, the most prevalent of whicl} are
gneisses, with the generai trend ef schistosity NNW-SSE. ILava fiows ef nepheline
basalt eccar in several rather small bodies, resting on the higlaer portions of the

disseeted plateau (Fig. 1)i. Tangshan, 7km. southeast, and Fangshan, 10 to 15
km. seuthwest ef Chilisia, the main city of the district, are two of the most strik-

ing lava-capped table mountains, both with an elevation ef aboat 350m. above
sea level, standing conspicuomsly on the wavy ]and.
    Tangshan mesa, some 4, km. Iong and about 300 m. wide, extencls in a NEE-
SWW. direction. The covering nephe]ine basalt fiows, with a flat upper surfacg,
have an average thickness ef about 20m., their margins being marked witli ver-
tical eliff's characteristically jointecl (Pl. V, Fig. 1). A nearly horizontal bed of

sand and grave], 5 to 6m. thick, which has been workecl ibr placer gold, lies
under the lava flows ; t}als probably indicates that the ]ava-fiooaing took place cover-

ing a former river bed.
    Near Tangshan Mountain, patches of lavas of mueh smaller velume also occur,
mak{ng up several buttes. viz., Heitoupe.ng2, Erhpeng3, and Sampeng`, nert}}east of
Tangshan; }lsiao-Tangskan in the southwe$t; atae Laoc}}ai$hai.i <P}. V, Fig. 2) and

the neighbeuring small buttes in the southeast. Some of t}}em seemingly have
beeri separated by erosion from the Tangshan ]ava-fiow body; so that the lava
flows appear to l]ave been formerly of much greater bulk. The lava fiows, at
Laoeliaishan, are underlaid by aR unsorted Ce]]ris.bed, about 3m. thiek, and at
Hsiae-Tangshan, by a sand-gravel bed, about 3 m. tliick. At the last named p]ace,

l. The accompanying geelogical map is only tentative, as an accurate topogiaphical map was
not avallable.
2. .-.-i,ewma, 3. =VVS 4. stesj.
   2, 3, and 4t; I had no oppoytunity to visit these three buttes, but to judge Åíro}n the
   tepegraphic features, their ]ava-cappecl nature is dou})tless
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the lava flows are sporadically covered witli a similar sediment, about one m.
thick.

    Likewise, Fangshan mesa, 5km. in ]ength, is capped with s!milar xiepheline
basalt fiows (Pl. V, Fig. 3) the thickness of which is ]5 to 20 m., attaining to
4iO m. in some p]aces. Here, so faT as I have observed, the ]ava fiows rest on
the ere3ien surface of gneiss, without intervening sediments.
    All the isolated bodies of the ]ava fiows eccur oia a level of nearly the same

height, and seem to rest en the remnant surfaces of tke former peneplain.

                              Petifograph>r

Nepheline Basa•Zt

    [['he specimen (IKTo. 8) co]]ected ft'om the summit of Laochaishan., is fairly
fresh, and the rock, dark b}uish-gray in cololtr, is almost aphanitic with very few
phenocrysts of elivine and augite, and witk minute drusy cavities whic}} can be
detected under a ha"cl Iens.
    In thin sections the rock is found to l]ave the fe]]owi]ag mode (by vo]ume):

                      Angite 53.6
                      A'epheline 2Z3
                      01ivine 9.2
                      Magnetite 8.9
                     Zeolites 0.7
                     Glass 0.3
                      Apatite and B!'otite trace

Optical properties and graiR size's ef constitaetus are as fellows :

 Phenocrysts
    01ivine....................B :1.7eO, 2V (-)=85.4," (Faa3), neat'ly colour!ess
        (0.5 mm. in diameter)
    Augite....................a==].708, B=l.715, 2VC-F)==:48.5cr, cAZ=50as <weclge-shapecl
        (0.2 to 0.5 rnm. in areas ef hQurglass structure) and 4,0" (latexal areas>, X, \:
        diameter) light .crrayish .rrreen-brown

 Oroundmass
    Augite....................a ==].7eO, cAZ=54", o}ive-green, weak]y pleoehroic
        CO.06 mm. in cliameter)
    Nepheline ................ {e ==l.54•81
        (O.04imm. in diameter)
    Analcime. .................AT= 1.4•859
    Phi}lipslte ................es=;1.465, cAZ==l8'3
        (O.lmm. in diameter)
    GIass .................... N==l.5116, colourle.gs

    Olivine occurs ita st[bhedra} grains, penetration twinning on 0]l bein.g usual.
Its inclusiens are rare encept for a few grains of magnetite. Augite occurring
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as rare phenocrysts is eften zo: ed, and in seme cases tke middle zo)ae is hig}ier
iR refractive indices tlian e!ther the inner or ottter zene. Houarglass structure is

usual. Groundmass augite is prismatic in habit, often s}}owing twiRning on IOO.
Heurglas$ structure and zening are lacking. Nepheline is usLntlly clear ana un.a}-
tered, and often shows eguant outforms. Tke mineral encloses rninute rods of
augite, slendeT needles of apatite, and small grains of maguetite, the last named

seem to be abseAt in the central portion ef the host crystal. Extremely ininute
:ffakes of deep reddish-brown biotite are rareiy interstitially presetat. Analcimg
occurs, filling minute clrusy cavities, and it encloses apatite and often skeletal
crysta}s of nepheliRe. Phillipsite, as felty aggregate of prismatic crysta}s, oecurs

also, filliRg tl]e drusy cavities, and it eommonly shows a penetration twin.
    The texture of the grouitdmass is notable; the egaant or nearly eguant crys-
a:als of the nepheline are oftexx surreunded by the prismoids of augite, thus resu}t-

ing in analogical features of se-called clatkrate texture (P}. VI, Fig. 1).

    The specimen described above, was chosen for cheinical analysis as it seemed
to be average ef the lavas in character. Tlie result is given in Ta})le 1, along
with the xxorm calculated (analyst : A. Harumoto).

           SIOta............41.13
           AI203 ....... ... I2.00
           Fe203............4.27

           FeO ............9•94
           MgO............9.42
           cao............lo.g7
           Na20............5.22
           I<20 ............ 2.24i

           H20 + ..........e.68
           Il20 - ..........0.27
           rlii02............2.62
           I'`aOs............1.32
           MnO............O.l7
                       loo.25

Pegntatoid Segregations

    Speeimens Nos. Il and l2,
d/iffer somewhat frorn the

crysts of augite (1 mm. or
c}aaraeterized with frequent '
shapecl patches, up to 1cm.
contrast with the usual
meorphic erystals of nepheline
constitute a large proportio.u

encloses smal}, hig}3}y euhedral
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        respectively, from Fangslian and Ksiao-rCangshan,
 feregoing kk rnicrescopic features, having ]arger l)hep.o-

  more })2 diameter). Moreover, these specime"s are
  micropegmatoid segregations whieli occur in irregalarly
    across; the coarser-textured patcl}es are markedly in

fine-grained groundmass (P].VI, Fig. 2). Large idio-
       (tu=:1.540, cc =1.534,), lmm. or more across,
    of tlie pegmatoid areas, ap.d the mi.neral sctmetimes
       crystals of augite. Interstices among the ]arge
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nepheline crystals are often eccupiecl by felty aggregates of minute laths of thom-
senlte (ry==l.525; birefriRgence, very weak), and iB turn, wedge-shaped interstices
ef the latter mineral are fi}led with deep green aegirine augite, brewR aenigmatite
}ike mineral, and eo}eurlcss glass. In ene instance, a partly corroded, subhedral

augite crystal with longer diameter of lmm. is seen to be enelosed in a single
]arge crysta} of the nepheline. At the marglnal portions of tlie pegtnateid areas
the large nepheline crystals often show an outgrowtli into tl)e groundmass of the
nephe]ine basalt. ]]}istinct pegmatoid veinlets were not seen. Residual ]iguid
enriehed in seda and volatiles seems te kave concentrated in patches at the latest
stage of conselidation of the neplaeline basalt.

Olivine Nodules
    Coarse crystalline o!ivine nodules and oiivine-pyroxene masses up to 2.5 cm.
in diameter are found in some speeimens, and isolatecl xenocrysts of olivin.e which

are gnite larger than the ordinary phenocrysts are sometimes met with. In one
case an olivine xenocryst, 5mm. acress, is seen to be reughly rounded ii shape,
with a somewhat serrated margin. It is nearly co!ourless in seetions, and has
ne incluslons except extremely minute clrop•shaped 'matter. The uaarrow peri-
pheral zone is slightly altered, ana flecks of idclingsite eccur a]]ttndant}y in it.

The refractive indices of this oliviBe are distinctly lower than those of the ordi-
nary phenocrysts of the host nepheline basalt:

The oiivine xenocct ry-
Ttis'6o6f?en sbow tiii=ilk56ra7c5teristic iam7ell:r'6gt2ructure, which is

faint}y perceptible between the crossed nicols.

    'In seme cases, olivine nedules (Fangshata No. 9) eonsist essential]y of almost
coleurless e}ivine (B_-1.675, 7--1.692), associated with small amounts of doep,
emerald green pyroxene, together with accessoxy picotite and spinel. Refractive
indicesi of this pyrexene are:

               a=1.678 B=1.688 7=1.703
This is a chrome diopside. Theugh this mineral has a distinguishing deep eit}er-
ald green colour in grains, it sliows only a very faint greenish tinge in ordinary
thin sections, and attracts no speeial attention in reck slices.

    It is worthy of notice that the olivine nodules often sl}ow rouncled outforms,

and tliat the melting phemonema of nedular eiivine crystals are not utausua].

        Compai•ison oÅí Olivine .Nodules taken from Nep}ae!hie
           • Basa;.t, with those from eliviiie Basalt

    Associatien of olivine and chreme diopside is seen in olivine nodules not

l• QLiite similar refractive- irmtdices: es:-3.67Z;, B=l.685, 1'=1.7co of a chrome diopside (Cr203

=e.98 per cent> were Tepoxted by 3. Harad.a (I94i3) from Åílie dunite of Mt. I'ligashi-Akaishi,
Ehime Prefecture, Japan.
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only frem nepheline basalt but also frem orcllnary olivlne basalt. These miner-
a]s described abexre and those in some o]ivine nocltzles from nepheline- and olivine
basalt of various Iocalities in ,Tapan were spectroscopica]]y analysedi; the result is

given in Table 2A. Refractive indicss of these rninerals together with those of
some unanalysed are given in Tahle 2B.

   Tab]e 2A. Spectroscopic Analyses of 0}iviRe and Chrome Diopside in 01ivine Nodules•
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 to those iinder Table 2B.

01{vine and Chreme Diopsicle in Olivine Nodules.
'

o]ivine l i 2 3 4, 5 6 7

e i l..675 l.677 1.672 l.667 ].667 l.674, l.673

I
E a fl - r

              Cl)rome diopside I 1.678 l.688 l.7e3

                tl II I 1.673 l.685 1.704                                    l

 I. I;. rom nephe;ine basalt (No. 9), Fangshan, N. China.
 2. J?rom rnelilite-nep}ieline basalt (No. 32), Nagtthama, Japan.
 3. Frorn o]ivine 3)atgalt (Ne. I4), Takashima IsSet off the noTth shore of Karatsu C{ty, Japan.
 4,. From olivine basalt (No. 28), ]V[t. Myojin-yama, Olcayarna Prefecture, Japan.
 5. From olivine basalt (ATo. 27), Mt. Arato-yapaa, OIcayama Pacefecture, Japan.
 6. From olivine basalt (No. Il5), Mt. Oyama, 6km. northwest of Tsuyarna City, Japan.
 7. From 3imburglte (No. 18), Stikumozuka, 6k}n. sonlhwest of Tsuyama City, Japan.
  T. From the same olivine Rodu}e as l (above).
 II. From the same olivine nodule as 3 (above).

     Both kinds of the minerals in nodules seem respeetively not to show any
marked differepce of their mineralogica! character. Genera]ly the olivines in nodules

]. I am in(.le])ted to T. Sonoc]a for tiiese spectroseopieal analyses.
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are of distinctly earlier erystall!zation

pheline basalt ancl ef olivine basalt.

nature, aiacl mocle of occurrence, the

rocks seem to have a commen origin,
from olivine basalt ma.crma.

thaR the ordinary constituent olivirtes of ne-

Frorr} their mineral association, mineralogical

olivine nodules found in both the kinds of
 ancl presumably are of ear]ier segregations

    For
]ocalities

 Comparison of Tkmee l rrepheiine Basaks of East Asia

comparison, chemieal analyses of the n.epheline basalts from t}aree

in East Asia along with ])aly's average are shown in Table 3.
kBewn

   sie2
   Al,,03
   ]'-e203

   }"eO
   MgO
   caO
   NatiO
   l<,0
   HiiO -I-
   I-I20 -
   Ti02
   })20r)

   MnO
   rrotal

NTepheli.ne

  1
 41.l3
 l2.00
  4.27
  9.94,
  9.4,2

 IO.97
  5.22
  2.24,

  e.68
 0.27
  2.62
  1.32
 O.l7
IOO.25

Table 3.

  2
 36.eo
 ]2.87
  5.55
  9p69
  8.68
- 16.28
  3.64,

  1.85
 2.e3
 0.59
 ].74,
  ]"55
 0.31
100.77

   3
 35.92
 l2.77
 5.85
 9.35
 8.00
 ]3.93
 3.84,
 2.4,r)

 3.25

 2.71
 'j .62

 0.3I
ioo.oo

 4,
44g98
15.56
 5.].5

 7.30
 3.31
 9.20
 5.34,

 1.29
3.77

 2.89
0.43

 0.23

99.49

 1. basalt, I.aochaishan, the Chihsia distyict.
 2. Me}ilite-nepheline basalt, Na.aahama, .Iapan. A. I'Iarumoto, analyst
 3. "Nepheline basalts ", avera.cr.e of 44 ana}yses. DSI'agaliama, Japan.
    Iclding.s, 19]3, p. 307; fchikawa, l934, p. 80; Sa.aawara, et al., l946
 4,. ATepheline basalt, Ying6-mGn, IV{anchur;a. 1"otal includes S= e.04•.
    Ohashi, analysts <Koto. I9].2, p. 12).
 5. ATepheline basa}t.g, Daly's average of 26 analyses. I{tiO-- includes

    p. 25)`

    Three llephe}ine basalts show considerable variation in
Nagahama rocks are distinct]y ]ow in silica and high in

" neplieline basalts" of t}iat locality are a!Iied to melilite-nep}

ical composition. On the other hand the Ying6-men rock `
in siliea ancl alumina, ancl has fair}y abundant
called it Manclehourite (!928, p. 57). On}y tlie Chihsia rock
nephe}ine basalt and its chemical composition is fairly.close to

elsewhere in the x•vorld.
    Cemparison of tlxe geological featu.res of three occurre,Bces

Table 4t.

 5
39.87
].3.58

 6.71
 6.4•3

10.<k6

12.36
 3.85
 1.87
 2.22

 l.g)o

 C).94

 0.21

(Harumoto, l952, p. 74>.
  Data for calculation :

   p. 722.
   S. Shimiclzu ancl 'lL

 C02r=0.29 (Daly, ]933,

           chemieal composition.
             Iime, and so-called
            ie}ine basalt in chem-
              is peculiarly high
nermative feldspars. Laeroix has
                is nearly typical
               the average founcl

is shown in
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Tabie 4•. Geological Comparison of ThTee }iiepheiine Basaits in East Asia.
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 l. jecality

Dimension of
lava fioxys

Urtderlying
rocks

Spatially nearest
Iavas, possibly
having genetical
yelatio'n

      Chihsia
3.5 sq. X"rn.(i)i thicicness,
20m., ca.

Sand ancl gravel, gneiss

Basalt, 60 km. north

     Nagahama
1.6 sq. km.(2) ; thielcness,
less than 50 m.

f},",d.:.igle,p,\if,?gastics,

Limburgite, 10km.
soutliwest

    Ying6-mfu
80 sq. km.(3) ;
thickness, unknewn

Granite

Basalt, immediately
east

 (l). Considerable portien seems te have bectn eroclecl away.
 (2). Denuclation seems to have been slight.
 C3). Estimatecl fxom Koto's geologiÅëal map (19!2, ?l. II).

    It is noticeable that the eccurrences of the nepheline basalts are very
sporadic, without any association of other strmkgly a}kaline roeks. Moreover
the dimensions of tbe lava fiows are remarkab}y small in either casei, as is usual
wit}i nepl.ielitae basalts in ether regions of the wor]cl.

                       Age oÅí tT{ie ft'epheiine Basalt

    As to the age of the Chi]isia ]ava flows, Fong (l937, p. 35) supposed it te
be of Lower Pllocene. 7.'he topography of the lava-eapped tab}es seems to suggest
the remnants of the initial surface of the fio}ys. Tke sediments, covered by
the ]ava fiows, aTe rather incoherent, and seem net to be of very old deposition.

T}}e lava seems te have fiowed over the peneplain before erosien had deepened
the present valleys, because the ]avcft bodies, separated one from anotl}er, as stated

before, now rest at nearly t})e sarne horizon. The C}}ihsia nepheliBe basalt is
]ikely not to be olcley than PAeistocene age; cenclasive evidence, liowever, is
lacking.

                                Petrogellesis

    Rare and sporadic occurrences and trifies in volume seem to be usual features
of nepheline basalts. In tke Pacifie region alone, aside from the a})eve-mentioned
loealities, occurrences of these rocks have beeB reportecl from a fexv places, viz.,

Ponape (Yosliii, 1936), Truk (Kinoshita, l936>, Oahu (Cress, 1915; Winchel},
l94{7), Samoa (Wa.qhington, 1917, p. 675), Tasmania (Paul, l9e6), New Zealand
(Ttimer ancl Verheogen, l95]., p. I49), ancl N. ew South Waies (Card, 1902); and

l. 'l'he Yinge-mGii Iava seems to be rather bu]lcy; its dimension, Iiowever, is uncertain, as Kote
said: "It was impessible for me to ascertai{i eKactly the mode of accurrence of th{s (nepheline)
basalt in my hasty j'ourney througk the snow-covered region...." (1912, p. 7).

n
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!n nearly all cases the lava seems to be always small in volume. This must be
sigx.{ifieant of one origin ef nephel!iie basa]t. IndependeAt axxd extensive reser-
voirs of nephe]ine basalt magma are milikely te exlst, at least in sl]allow portions

of the crust, so that plutonic representatives of the magma are sti}1 seldom met
with. Vast fiows of orclinary olivlne basalt are usual}y uniform iB petrographic
character, wh"e the sma]l separatec! boclies of ]ava fiows or of Gikes are often
variegatecl; and this may be due to ]ocal clifferentiation in a magma reservoir.
]NTepheline basalts are more likely te be proclucts ef a local and accidental differn.n-

tiatioxx i" a cleep-seated olivine basalt magma, the products in ratlaer small quan-

tity being pourec{ out, on rare occasiens, througli abyssal vents. It is natural
that transition types should exist between nepheli]ie basalt and ordinary o]ivine
basa}t; in eahu, recently, Winchel} (l94t7) repoarted an association of numerous
small bodies of basc".nite, neplieline hasait, ancl etl}er al]ied ]avas.

     The inc}usion ef olivine nodules ancl allied crystalline masses in nepheline
basalts is very commo.n... Similar inclusions are not uneommoma also in olivine
basalts. A close aff]nity ef the petrographic character of the o]ivine nodules in
both the rocks seems te be signi{-lcaxtt for genetica} relation between these roeks.

I pointed out, e]sewhere, that the olivine nodules and pyroxene-bytoiwaite masses
feund in the nephe)ine basa]t of Nagahama }]ad their origin in earlier segregatien
from olivine gabbro!c (basaltic) magma; and I attacl}ed importance te the evidence

for formation ef the augite ancl nepke]ine along a reaction zone between the
liyperstl]ette atacl bytownite of the nodttles (N.arumoto, 1952).

     Not a fe}sr microscopieal evidences of remelting, reaction, or reso}ution of
noclular minerals sLich as olivine, pyroxene, or hasic p]agioc]ase ean be observed.

Markedly rounded outferms of nodu]ar inclusio]zs are very commen. An accu-
mulation of the earlier crystals, their subsequent reactions with inter-crystal liguid,

ancl slowness of diffusion in the liquid may cause heterogenuity in a basaltie magma

reservoir. Conversion of olivine into .pyrexene may form locally undersatura-
tec! liguid ; and tke ]atter may, by accidental disturbances in the reservoir, encoun-

ter a Tesidual ]iquid which was locally fcrmecl and ei]riched in seda. Locai for-
mation ef a liquid with nepheline basaltic cemposition in the basalsic magma
reservoir is tktzs te be expeeted. Contribution of hypersthene and bytoNwaite for
il}e formation of nephe}ine and augire roek may be anether factor.

     A })ar.t of this invesiigation was carriecl ont with the aicl of an Education
MSiaistry grant for natural scienee. Thanks are diie to Mr. Fumio Kizaki by
whose aid the fie}d invesligation was accomplished.

"



              Nepheline Basalt Df the Chihsla DlstTict, Shanttmg, North China 321

                                    Refereiices

Card, Geo. W. I9e2. Neplieline-})asalt from the Capertree Valley. Becorcls Geol. Surv. Nesv

                                                                                '       Soutli Waleff, Vol. 7, pt. 2.-Bef. H. Rosenbusch, Physiogvaplxie Bd. Il, l908, S. It}41.
Cross, XV. 19}5. I.avas of l-Iawaii ancl their Relatiens. U• S. Qeo!. Surv. I'rbf. Papev 88, l--97.

Daly, IR. A. 1933. Igneous Bocks ancl the Deptlis of the Earth.

Follg, K. I_ l937. Notes gn tke I.ava-covered Go}d Deposit$ of Tangshan, Chihsia, Shantung.
        Bull. Geo]. Soe. China, Vol. 17, 33•-39.

I'Iarada, J. ll94•3. 0n the Chrome Minera!s of Japan (ID. Jour. Japan. Ass. Petr. Min. Econ.
        Geol., Vol. 29, l2-23 (in Japanese).

I'Iarumoto, A. ]949. i'relima'lnaTy Note on Nephel.ine Bar-•alt from Tangshan, Chihsia, Shantu-g.

m .9!l}ZZlr"i,lgf,l?igfXTgmsZ.Emel.li,M•?!'61igiZZ4-7NgkltaieagY%tiebtherine}usionsfro-Naga-

        Iiama, Japan. Mem Co]I. Sci., Univ. Kyeto, Ser. B, Vol. 20, 69-88.
Ichikawa, W. ]934. 0n the Nepl}eline basalt 'grorn Nagahama, Prov. Ivvami. Jour. J.apan. Ass.
        Petr. Min. Econ. Geol., Vol. Il, 76-80 Cin Japanese).

Iddings, .I. P. I913. Igneoug. Rocl{$ II.

Kinoshita, K. 1936. Prelimilary Notes on Nepheline Basalt and some associated Boeks from
        Trnk, Caro}ine Islets. ,}our. Ceol. Soc. Japan, Vol. 33, l--8.

Koto, B. I912. 0n Neplieline-l)asalt from \ing6-m6n, Manchuria. Jour. Coll. Sci., Uuiv. Tokye,

        Vo}. 32, Art. 6, l-l4,.

ILaeroix, A. I928. La Composition Mineralo.crique et Chimiciue des Reches Eruptives et Particu-
        Iierment des I.aves Mesozoicjae et plus Recentes de la Chlne Orientale. Ball. Geol.
        SQe. China, Vgl. 7, 13-59.
I.anlck, A. I908. Beitrae.ff.e zur Petrographie von West-Shantung. Inaugral-Dissertatio: , Leip'zig,

        32.-Ref. B. Koto (1912>.
Paul, F. P. 19e6. Be:,traege mir petrQgraphisclien I<e.nntnis ei}iiger foyaitisch-theralitiseher Gesteine

        aus 'l'asmanien. G'. M. P. M•, Bd. 25, 269-318.
Sugawara, K.,S. Oana, afid T. Koyama. I94•5. Chemistry of the Aqaeous Inclusion in Nepheline-

        basalt from Nagahatna, l'lamada-Si, Shimane Prefeetuxe <l). I)yoc. Iml). Acacl. Tokyo,
        Vol. 20, 721-724,.
 'l'urner, F. J. and J. Verhoog.en. ]95I. Igneous and Metaniorphic l'etrology.

 Washington, I-I. S. ]917. Chemical Analyses of Ig.neous Ilocks. U. S. Suvv., I'rof. I)aper 99.

 Winchell, il. 1947. I'Ionol.u]u Series, Oahu, Haxvaii. C.eQI. Sec. Amer., Bul!etin, VoL 58, 1-48.

 Yamane, S. I953. The Special Ad{lress at the 60th Annual Meeting oÅí the Geo]ogica] Society
        of japtm. Jour. Geol. Soc. Japan, Vel. 59, 279-282 (in Japanese).

 Yosliii, M. I936. Byief Notes on Non-calcareous Rocks from SokxtheurR Islands. Coniributions
        Inst. G•eol. I'alaeont., '1'ohol<u [Jniv., No. 22, 1-50 (in japanese).

                              FJxplanatioii ol' Piates

                                       Plate V

      Fig. 1. [l'he soutl}western part of [L'angshan Mesa capped with the nepheline basalt fiows.

 I"ooking southeastward. Tke uppermost pertions surrounded by cliffs are of nepheline
 basalt. Several pits for the gold p]acer deposit, now unusecl, aye seen indiÅëating a horizen of
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the thin bed composed of sand and .ffravel between the lava fiows al)ove and the gneiss belew.

celumFniagr'
 j2 6in[l'he SUMMit Of IJaOChaiShan capped with nepheline basalt, showing a remarkable

     Fig. 3. Fangshan Mesa. Leoking southwestward. The upper limits of snow-eovered
portions roughly indicate the boundary between the nephel{ne basa}t ab6ve and the gneiss below.

           . t...t . Plate VI
     Fig. •l. Nepheiine basalt fxom Inechaishan (No. 8). Phenocfysts with craeks are olivine.
In the groundmass : nepheliRe (white, roughly rectangular, six-sided, er amoeboid forms) ; augite

<gray, minpte reds);iron-ore (b}aek grains). Å~48.

     Fig. 2. Pegmatoid patch in nepheli.ne basalt frem Fangshan (No. Il>. n: nephellne (white,

large sub-idiomorphlc crystals) ; th:thomsonite (aggregates of sleRder ]aths) ; 5:aegirine augite

(wedge-shaped, among thomsonite laths); a:augite; o:o]ivine. The groundmass of nepheline
basa!t appears partly near the margln of the figgre. Å~48.
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