THE TSiNAN INTRUSIVE.
BY GEORGE B. BARBOUR.
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I. INTRODUCTION.

“*One of the striking festures in the Teinan plain i8 & group of
isolated hillocks standing up boldly from it. Though mainly overgrown with
vegetation, they are distinguishable by their shape and dark colour from the
light-grey tabular limestone islands which from the last outposts pushed
forward by the mountains lying to the south.'!

Tsinanfu, the capital of Shantung, lies at the fool of the ngrtheﬁi
slope of the T’sishan massif, where the edge of the Huang Ho ﬂoo'd-plain
abnts the downwarped margin of the Shantung horst. The most striking
feature, whioh never fails to attract the eye of any one approaching the oity,
i the group of hummocks, rising abruptly from the plain, aptly deseribed by
v. Richthofen. !

These hillocks have been the object of comment by Willis and
Blackwelder,” Lorenz, and olhers, but the distances separating them have
usually made a connected study of their nature and relationships out of the
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question in rapid reconnaissance work. -

Severnl of these hills fall within the limits of a more detailed map by
Mr. T'snt of the Geological Survey of China, in connection with a magnetio
sarvey of the iron deposits of the-area; but the immediate practical objeet in
view put the investigation of certain phases outside the se;ope of his rapoi-t. :

A statement is now offered of the questions raised by recent observa-
tions bearing on the nature and origin of these hillocks, snd their relition to
the surrounding rocks. They form an interesting example of magmatio
differentiation in 8 gabbro body with deuteric action and contact metamorph-
ism; a gpecial mineralogical feature is the biotité reaction-rims. A correct
interpretation of the facts throws Light on the structure of nor:‘,hgm Bhantung,
proving to gapport, for instance, the contention of Willis and Blackwelder
that no marginal fault of any magnitude is necessarily involved at this point,
and that simple downwarping is the determining factor in. the stenciure of the
north margin of the Shantung island., The disonssion im(olves also certain
magnetite deposits (of little economic valus) and has & poﬁibla bearing on
the origin of the famous Tainan springs.

The author is glad of this chance to express his gfaﬁtude to
Dr. V. X: Ting, and Dr. W. H. ‘Wong, Directors of the Geological Survey of
China; who generously offered information, material and facilities for veferenca
end research, He is also under a debt of obligation to Mr. Loo, Librarian,
and to other members of the Survey, especially Mr. H. C. T'an, the resulta
-of whost previous reconnaissance, and ‘familiarity with the area were freely
pliced at the writer’s dispomal. Professor Frederick K. Morris, Geologist of
the American Museum of Netural History’s IIL Asiatic Expedition ia
Mongolia, firs pointed out the avea a8 offering a problem worthy of study,
and most generougly placed data and material at the writer’s dispomt; these.
end his helpfal criticiem and suggestions havebeen of & value it would.be
hard to overestimate. " |

II, Area INvVOLVED.

The position of the hillocks in question is shown on the map. Thay

fall within ap elliptica} area 10 miles long by 4 miles wide. But the outerops
are nob liwited to these, for at some points in the low ground; the-reek ean be

" tracod slmost continuonsly for congiderablo distances.
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Along the base of the foof-hills cecars a series of inirusives of more
B.Gld charseter.  Up till now they have been regarded as a distinet type, but
it seems possible to show that- a penstic connection exists betwesn them and
the ontcrops in the plain, the whole being parls of a differentiated unit.

The exact form of the igneous bedy can best be discussed afier con-
gidering the marginal relatiops, but evidence favors a compound or multiple -
laccolith, ' :

III. SEpIMENTARY FORMATIONS. -
The sedimentary formations exposed in the area include the Tsinan
+ dolomitic limegtone (here exposed in ita type locality), loess, and river
.a]]nvium, interbedded with more consolidated boulder and gravel depotits, the
latter washed down from the lateral slopes of the limestone Tidges. A mar-
_morized seriea of limestone beds found close to igneous contacts in the area
has been regarded by some observers as an independent formation. They are
more probably metamorphosed Teinan limestone recrystallized under epecial
conditions. The sediments are therefore limited to Ordovician and post.
Pliocene in age.

IV. Tar Hyeerite Bopy.

Main varielies :

The iwo main varieties of igreous rock ave best discussed independ-
ently before congidering their mutual relatlonamps The type most generally
attracting notice owes its registence to weathering—and hence iis promiuence
—to its basic character. It is described es a hypersthenfels, hyperite,® or
olivine-hypersthene-gabbro. Rocks resembling the one described by Black-
welder” occur at K’uang Shan, Yua Shan, Pino Shan, Ch’neh Shen, Hua -
Shan, and at intermediate points (see map) A specimen (Ts 203) from the
low ridge north of Ti K'ou, near the village of K'ung A, i8 & medium
grained granitoid, speckled, brown-black rock, weathering grey-brown. It may
be taken a3 typical, though some more basic samples have been met with.
Under the microscope (Plate 1. Flg 1) it is seen to contain augite, plaglo-
clase-feldspar, hypersthene, olivine, biotite, megnetite, and uccassom&s,
epproximately that order of abundance. The olivine, which seems to have
erystallized first, is fresh, except for slight incipient decomposition along cracks
to gserpentine and magnetite dust. I% is idiomorphic towards all other
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mineralsy, but sho‘ws rounded outlines, & characteristic which, though nermal
of oliving, is here shared in general by the later minerals as well. The
relations oxisting between the latter indicates a less definite sequence, and
varies slightly in different localities. Without doubt the periods of cryatalliza-
tion overlapped considerably, probably with resorption and interaction. The
olivine ilself, where in contact with the foldspar, was observed by Blackwelder
to show bushy growths of what were judged to ba tremolite fibres. This
feature is not extensively developed in ihe slide deseribed, but several needles
of a similar. mineral occur in that relationship (Ts 206). The augite is pale
green-brown, and tends to develop better outlines than the feldspar, but.this
is not invariable. . It is non-p]aochroic,‘ shows distinet dispersion, and gives
maximum extinction angles up to 38°. It frequently occurs tmnneﬂ some-
tirries showing po]ysynthei ic lamell= parallel to (100) and is mm-kedly poecihtxc,
containing ‘inclusions of biotite, magnelite, apatile, p]n.gmc]a.se, and olivine,
while some crystals show & Schiller structure. A characteristic feature is the
great development of needle inclusions (presumed 1o be ilmenite), which
seem to lie in planes parallel to (110). This featare is not found in the
hypersthene, and, where present, is diagnostic. The feldspar is freﬂh,_ahbwing
pericline as well a8 albite, and Carlsbad twinning, and bas maximum extine-
tion angles varying from 16° — 38° (average 26°) in zones perpandicular to
(010), hence ranging between andesine and labradorite. The hyg:ersthem tests
negu.twe and shows characteristic pleochroism (Z—pa]e grean, X—brownish-
pink). Dr. Wong drew my attention to the fact that some specimens in
possession of the Survey showed oblique extinetion, aud Professor' F. K.

Morris bas suggested that the angite molecnlo may be present in solid solution.
Careful examination of all rock sections prepared show a number of erystals
with this characteristic, giving extinetion angles ag high as 12, but otherwise
indistinguishable from the mujo:_‘it.y showing parallel extinction. Since in
other respects including the optical sign (—) the mineral tests as hyper-
sthene, the likelihood of this explanation is undenisble. Tho mineral is
freal; and is often allotriomorphic towards the feldspar. Besides the early
magnetiie, ccouring in cuhedral form and as granules scattered through
the augite, some belongs to the same period as the hypersthene with which
it ie often intergrown. sometimes in vermicular fashion as if in eutectic
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relalionship. Where the magnelits is in contact with the feldspar, resction-
rims of biolile frequently develop, Thess have an imporiant bearing on- the
history of the reck which will be considered later. Apatits and sphene are

present as acceasoried,
Subsequant straing have accontusted the cleavages in both pyroxenss,

davelup.ment. of fracture being characteriatic of the bypersthene as wall as of
the olivine. At several pomts_ the later, more lat,h-ah_nped foldspaxs - are
nioticeably distorted, suggesting slight local movement at the time of solidifica-
tion. Limonits staiming is the typxeal weathering produet, otherwise the
roek i3 remarkably fresh.

The rock may be cla.saiﬁed 88 an olivine-h@perathmw-gabbra or
hyperile,

Variations in several directions develop locelly. At K’uang Shan
the magnetite, sithough also locally suhedral, is more common 68 au interstitisl
product. The greatar development of needle skelatons in the augite is also

noticeable.
The Pieo Shan rock is of finer grain, and shows the feldspar allotrio-

morphic to both pyrozenes; both the latter carry inclusions and have
developed better ontlines than in the coarser types. The early ferromagnesian
winerals show the same rounding observed at K'uang Shan, suggestive of
later resorption. The microposcllitic habit of the augite iz characteristic, and
there is & strong tehdency to zonal arrangement of the granular inclugions
(Plats IT, Fig. 1), whereas larger needle inolusions are less common. The
feldspars (acid labradorite) in this rock ave more tabular and ibequigranular,
and sometimes show & core filled with the same inclogions as the pyrozene.

Magnetits is abundant, both as rounded grains and euhedrsl oryetals; the
biotite reaction-rim is constantly met with, A litile biotite also seems to.oceur
in slightly earlier primary relationship. Slender nesdles of apatite are more

abundant, )
At Hus Shan there is 8 marked diabasic feridency; the biotite rimas

are very strongly developed, and the same mineral appears to oceur also a8
late primary interstitial plates of a size commensurate with the other minerals,
but in the latter relationship it ia optically so like reaction-rims surrounding
and almost destroying magnetite cores that the possibility of a similar origin
can not be denied.
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At Chm Nia Shan nearby, the rook is slightly streaked, and exami-
nntmn shows that differentistion has produced a mors basie phase in which
olivine is relatively sbundant, and ’maguetite_(with a alightly purple tint in
reflected light) more common, the lighter siredks heifig Gomposed almost
enti.mijr of plagioclass. T _

. Elsewhere a coarssly gneissoid structure, not visible in -the hand
specimen,’ becomes evident on weathering, and indicates differentiation
procesding the develdpment of primary ﬁov% batding, as, for instancs, at Hua
Shan "{Plate I, Fig 8).

The rock -olosely resembleg one deseribed by Rogers® from the Cort~
lands Seriog in the Highlands of the Hudson. In the morite types he finds
the plagioelase is andesine (oocasionally labradorite in darker types) with
orthoclaéq sometines amounting to one-third of the total feldepar. Hypers-
thene, angite, and biotite are essentials, withh apatite, ilmenite, pyrite ete. as
accossories. Oriented 1lmenite inclusions are fmquent. As Dbiotite and sugite
fall off, the rock passes into hornblende norite. There is little evidence of
djrnamic metamorphism except round inclusions, but a banded gneisepid
structure, believed to be primary, is t.'a_»ken as proof of magmatic diferentiation,

Beside the basic rock already described, there is an acid type which
shows considerable variation, especially whera eyntestic effecta come into plgy.
In an average sample (Ta 303) taken at Hsii- Shan, only four yards fnbm the
basic one described above, the feldspar is zonary, with a more calcio core, and
hes an average composition about oligaclage (& small quantity of orthockse is
also present). . Quarlz occurs in vermioular intergrowth. Augite is the
fer'roma.gn'eéian minersl, Bictite and olivine are both absent, and magnetite
almost so. Tho relationship of the vermicular quartz to the. feldspathic
minerals is' of sufficient importance to be resexved for derlaﬂad _desoription
below. Xt hes direct bearing on the interpretation of the history of the
intrusive and indicates aotive end phases following on magmatic differentia-
tion.

The acid phase oceurs as weaker streaks through the .bagic rook, and
af lnrger masdes. It grades insensibly into the. pegmatite phase, and.the two
are often associated. The basle plmsa is.dne to mogmatic segregation at
werious pomis within the body.
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The typical erosion resnlls in the two types are so different that they
mey be dislinguished from a distance. The basic rock weathers into rugged,
joint-dissectsd masgses, of is found as rounded bounlders seattered over the
ground in & manner resembling blocs perchés. Tn marked contrast to this,
the acid phase, with its associales, weathers into rounded mounds, with sloves
of diaintegra.ted material.

The Pegmatttas

Thie pegmatite phase is very definitely localized,; and does not ceeur
cutting the basic portions of the mass. In fact the vein types in general are
resiricted to the areas which also show marked contact effects. The best
exposures are ot Ch’iieh Shan and in the high ground south of Yus Shan.
From the field evidence it cannot be decided how far these effects are developed
only at the margin of the mass, and might therefore be used 23 indicators in
mapping the approximate outline, or to what exteni blocks ‘of the country
rock have sctually' sunk end become incorporated as xenoliths, and Bven
entizely absorbed and syntectically reorganized, but the mineralogy sl.rongly
favors the latter occurrencs, es will be shown below.

" The pegmatites, in the main, represent the extreme pbasas of the
acid type with which they are associated, and throw light on the later history
of ‘consoliddtion. The ‘plagioclase-feldspar, which occurs in crystals up to 5 em.
in length, shows & zonary tendency, the core often being grey and ahghtly
more transparent than the flesh-coloured outer zones; it varies from & medium
labradorite to the acid end of the mcale. Play of colours in often seen. A
sampla taken st Yus Shan (Ts 502) shows orthoclass, and larga tabular
microcline and microperthite,

Quariz occurs in smell quantity, both as an interstitial componant.
and in micrographic intergrowth with the feldspar. Titanite forms large
irolated red-brown double-wedges up to 1 em. in length. Apatite appeara
under the microscope as large erystals, some with slender cavities elongated
parallel C.axis. The usual ferromagpesian minerals are elongated pyroxenes,
measuring up to 2 cm., slight pleochroism suggesting the presence of the
acmile moleculs; but biotite and hornblende have heen observed. Magnetite
is ioterstitial. A few crystals of pyrite and calcopyrile occur. At some
points miarolitie cavitiss occur, into which crystals developing euhedral form
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extend; the latier include quartz, , pyroxenn, epidole. Often the vein forms
grade out into the rock which théy cut, 80 that sharp dematention is absent.

' A specially interesting feature in one spesimer. collected from the
same. lgcs.nli,ty by Professor F. K. Morris, are the end-product minerals occupy-
_'ipg angular infesatitial positions botwesn the earlier feldspar, pyroxzene, etc., ‘
In petticular, & colourless minerel forming radisting aggregates of fibrous
 eryatals geems to throw light on the processes at work towards the end of the
period of consolidation. This. mineral has parallel extinction, negative
- elongation, refractive index between 1.58 and 1.70 and a birefringence .001.
-It t‘herefora tests in & manner resembling eilher andalusite or dipyre (or other
seapohta) according e to whether it -is uniaxial or biaxial. (The radiating
structure prevents the formetion of a good interference figure, but the mineral
-appears biaxial, in which case it behaves like non-pleochroic andalusite.) Its
relation to the rock in which it ocours is of interest. (Plate IT, Fig. 4). It
fills sharply definite polygonal cavities, but also often extends back into the
feldspar of ‘the walls by replacement. Within the area filled by this unknown
mineral itself occur two roughly oblong cavities into whiah projects a fringe
of parallel mcta.ngula.r needles of the same minerel, sumetimes in optical
continuity with the mineral across the gelvage of limonite slaining which
marks the wall of the cavity. The exiremities. of - these needles are held fast
in & second layer-of much finer needles, set [}ara.llel in a folted fringe; these,
however, show a positive elongation, but are so badly stained ss to preclude
other tests. Whether or not the angular cavities were provioualy occupled
by & now entirely replaced primary interstitials mineral, somewhat less stable
than the feldspar, cannot be definitely decided, but the habit of the mineral
strongly suggests that it itself represerits a final erystallization product capable

of replacing the earlier foldspar.

Contact e_ﬂ"ecta

- "The chemical actmty of liquid and' gaseous solutlons from which
the pegmatites erystallized, make them also responsible for contact effects: the
products of simple crystallizalion, reorganization, and syntexia are so
thoroughly intermixed that even in a hand specimen passage can be iraced
from vein to reorganized country rock and back three or fonr times in as
many inches. The only exposures of relatively undisturbed limestone close
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to a gabbro coniact are in the northwest of the area at Hua Shan, and Huang
Teao Shan; hers syntexis is noticeably absent, the gabbro remaining typically
basic to within 60 fest of the contact, and - then only aut by a- few veins of
more ecid material. But beyond local dlight development of diopside in the
limestone, therough recrystallization and the colour changes are practically
the only contact effcets observed.

Contact effecls of a more vigorous kind, showing advanced slages of
reorganmtmn are found in & number of localities, where the limestone found
has clearly been detached from its ongmal posltmn The beat development

_is af the north end of Ch'iich Shan, across the Ye]low River; the unmistakable

history displayed with text-book clearness throws light- on more ohsoure
relationships noted elsewhere and well repays the difficulty of reaching the
spot. Here the limestone is found in all ‘recognizable slages of digestion.
Where coherent beds have mot been permeated or subjected to chemieal
-reorganization by the intrusive, the rock is a strongly recrystallized marble,
the chardoter varying from bed to bed with original differsnces in quality
and structure of the rock. The invading rock here is more acid ‘and
porphyritic in type than the usogl gabbro, and grades rapidly into a horn-
blende quartz-latite; it clearly belonged to & more marginal portion of the
intrusive body, subssquently juxtaposed by faulting agaivet the basic mass
now forming the main hill. That the limestone was actually a detached
xgnolith carried in from the margin and is not contact wall reek in place’is
snggested by.the surrounded position of the mass, and the much greater vigor
of metamorphism compared with marginal contact effects elsawhers.

The first and most general slage in silication is the formation of
diopside which is found as an envelope wherever the igneous and sedimentary
rocks are in contact; usually the zonme is sharply defined, so thet where
golation weathering has subsequently removed the litnestone, an almost
smooth-walled cavity is left, perhaps with an undissolved limestone core
pertially oceupying it, surrounded by & dense wall of finely crystaline desp
emerald-green diopside. This relationship is well shown in Plate I, Fig. 8
where the pyroxens envelops varies from 4 to 8 or more inches in thickness.
Beyond this there is often an outer less regular envslope of massive grossularite
extending back to an equally sharply defined contact with the igneous rock.
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Fig. 1. Diopside’ veins (black) cotling Gabbro near limestone contact. -

1 Foot

Forty yards distant the outcrops are of a dense diopside-feldspar rock with
garnel cores soveral inches across whose composition and habit suggest a
- xénolithic origin. At other points stringers run from the largor pyroxene
masses out into -the surrounding rock, cutling it sherply in a network of
connectad veins which do not admit of any such xenolithic ex planation’ (Plate:
I, Fig. 4). In other cases the history i3 more obscure, for the behavionr of
limestone under pressure has been known to give a xenolith the appearance
of an igneous vein. A similar occurrence of green diopside and associated
minerals in a bluish caleits at Cascade Lakes, Essex-County, N.Y. is explained
by Kemp!® a9 a mass of Greenville Limestons caught up in anorthosite. -In

disougsing Emmons interpretation of the vein-like habit of this marble as an .

"injected mass of plutonic rock, Kemp poinis out that ‘‘the views are not so
" unreasonable as they might appear. Limestones are so often molded like
dough, that they might easily convey to one not aware of their plasticity the
impression that they were intrusive.” Such deformation oteurring when
conlact reorganization was already far advanced would readily account, for the
vein-like habit of many of the diopside-feldspar streaks tthUgh the igneous
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rock at Tainan. ‘The whole sories may be cut in turn by true pegmatite dikes,
and since the various processes clearly overlapped in -time, tho resilia are
correspondingly complex. A case such as that shown in TFig. 1. can only
explained on the basis that the gabbro, when almost consolidated, reacted
with the llmeatone, ha.vmg its.own compoaltmn modilied, and giving rise to
the dlopmde, the la.tter was atill ﬂmd when the gabbro a few feet dlstant was
almost l‘lgld Shght d1stu:hanca produced planes of fracturo along which the
dlopalde intraded itself to a. disgtance where the gabbro ilself was of a
sufficiently different compomtmn to be unstable in presence of the diopside
golution and resct with it, undergoing partial msorptmn in consequenca.

After both had solidified they wera cut pegmahhcally by t‘he more ac1d end-
products of the magma.

Though the early sl.nges of the attack on the limestone are not 5o
clearly shown elsewhare, those of the mote edvanced reorganization are well
represented. At Yua Shan, Hsii Shan, and Ma Kang Shan pa.rt;iall)j absorbad
xenoliths are abundant. They appear as dark green patches, often with
sharply defined -outlines, floating in the mors acid rook, and may be followed
through all slages of digestion until no longer recognizable. Under the
microscope the xenoliths prove o be mainly diopside-feldspar aggregntes,
occasionally with the aceessories common lo the gabbfo {(apatite, sphiene, ele.).
The grass-green diopside is slightly pleochroic, probably due to the presence
of the acmite molecule ;' it is glass-clear, and all stages of: growth can be geon.
in a single field, from the last recognizable traces of carbonate attacked by the
giliceous magme, and.the first synteclic reorgenization into aggregale of
coarse granular pyroxene mossic (Plate II, Fig. 2a), which supplies euhedral
cryl_staia that drift off as phenocrysis into the adjoining igneous-tock, and can
be . distinguished by their intensity of colour and lack of iuolu_;s'ldns. The
' further stage of anamorphism is represented by ihe formation of honey-
coloured grossularite (showing optical anomalies) at the expense of
diopside; large crysials of the lntter are inveded and gnawed by the garnet
until sometimes only an open lace-work of the pyroxeme is leff, (Plate II,
Fig. 2b). Hence ultimately massive garnet may be found in patches of over-a
centimeter across. Other samples show & green spinol, possibly ropresenting
a reorganization of a more magnesian part of the dolomile, At Ma Kang
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Shan there is a garnet diopside rock with what appears to be an iron-free
<hinochlore, probably after mica. A specimen collected at Piao Shan by
Prof. F. K. Morris and kindly loaned by him in this connection shows.the
-same mineral. "It is pale green, non-pleochroie, and almost uniaxial, as the
soparation of the hyperbolae can only just be detected. It has positive elonga-
tion, a refractive index of about 1.57, birefringence approximately .012;-

Alteration changea the diopside rocks to serpentine. A pale, yellow-
green antigorite; with well-developed: lattice:strusture may -entirely réplace
everything except small granular cores of garnet; the feldspar sometimes shows

sericitization in these-same lowhhes, prohab]y part of the same hydml.harmal
albamtlon |

Al] the contact minerals oconr in “vams” of every dagree of fineness,
and t.ha banding of the minerals may be almost’ mlcroscoplc-the feldspathic
zone grading rapidly iuto 4 garnet-diopside-feldspar rock and beyond that to 8
garnet- pyroxene rock with a.pa.hta epidote, eto.

. A feature see_n occurring with special frequency is the presence of
fine veinlets of diopside cutting the igneous rock in all directions. Sometimes
the vein is banded, bgsi‘c‘ plagioclase forming the heart of the vein with
-diopside on aa.cﬁ gide suggesling a reaction between the silicious residus and the
limestone at the contaot, giving rige to the Pyraxene and i mcreaamg the lime
content of the feldspar

Calcite Veins : - . :
Except at Chiteh Shan: none of the original carbonate country-rock,
recognizable as such, is preserved, but a type of special significance (first
reported by Professor Morris from the knoll north-west of . Piao Shan) is a
pegmalite rock in which large pyroxenes are embedded in a sky-bloe earbonate.
The latier mineral, though interstitial, may form large pegmatite crystals,
measuring up to 3 cm., and enclosing well-shaped pyroxenes, which may be
traced through finer euhedral stages back into the massive aggregate already
described. At places the caleite is removed by solution leaving irregular
cavilies, into which project the points of these perfectly shaped pyroxenes.
The relationship of this blue carbonate to the other minerals and
especially ils extremely localized occurrence, taken together with the entire
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absence of calcite-magnetite veins from this part of the igneous body, suggest
inovitably that we are dealing, not with & normal late pegmatite, but with a
portion of included country rock not entirely absorbed syntecticslly. Such
incomplete digestion i@ corroborated by the obviously xenolithic -gliape of
many of the diopéide Bggregateq, the zoned and banded distribution of the
different stages of attack and mineral reorganizatipn, and the general shape
and distribution of the rock masses. which hear no diréct relstion to the
outline of the gabbro body. Though the mineralogy of the absorbed block i3
changed boyond recognition, the original distribution of parta-, ghowing
variation in composition may be roughly preserved in the arrangement of the
syntectic minerals. Berkey and Rice,!! in noling such an “antecedent
gtraoture’ in the gneisses of the Highlands of the Hudson remark that “it is
neither a product of differentiation nor of movement, but a structure that has
been erudely preserved after the rock which it represents has been otherwise
wholly destroyed; and it is a resulé of tha'falilura to redistribute completely its
chemical constituents, -rather than a pardeularly officient asgembling of them.”

There is alﬁya' the possibility that these Toassus are part of the roof
of the magmatio chamber; but it will bo pointed out below that the uﬁ)ei‘ and
peripheral pt_)rll.ions of the body show distinctive charoteristics not found in
the gabbro of the Piao Shan ne1ghbou:hood Daly'? has suggested also that
syntexis by marginal assimilation is largely effective only durmg tne varly part
of the magma’s history when it is absolutely and relatively very hot, whereas
abyssal asaimilation of sanken stoped blocks may be coextensive with the life
of the magma and that the saperficial area expoaed to attack in the latter case
is greatly increased.

It seems probable therefore that these specially marked reorganization
effects have been produced in limestone blocks detached by the magma and
linble to a chemical attack from all sides more insidious and thorough than
would have ocourred marginally. In this immediate vicinity the composition
of the gabbro would necessarily be altered and since diffusive absorption was
incomplete at the time of final solidification, the change in composition of the
remaining liquid was progressive. How extensively actual modification of
the composition of the magma by syniexis has occurred is hard to decide.
The extreme likelihood of suehi.a process in the case of larger igneous masses
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makes it probable that it has -ocenrred on a small scale in many instancee
without being sappreciated. Brogger!® has offered this snggestion for the
Primary carbonate found in the abuormal rock types of the Fenn District of
Norway, where the variations in composition of rocks of intrusive- habit may
be explained by the solution of an older limestone beneath the pre-cambrian
gramte Teall had previously offered a similar explanation for the feldspathoxd
constitnent of the Sutherlandshire borolanite. ! 4 : '

Keomp, discussing the action of a imore aoid magma on limestone at’
San Jose, Maxico,!® suggests & history more, like that probably indicated for
the Teinan rook *. . . The question may be raised as to whether the erqptive
has meltsd into its substance sufficient limestone to yield the zones whish
have then erystallized ont from fusion. This view is opposed both by the
sherp contacts afforded by the eruptive against the garnet zones; by the-
variability of the zones of mineralogy, and by the fact that the necessary
ingredient (iron) of andradite would not thereby be afforded.”

' A gtill oloser parallel is that of the amphibolites described by
Adsms from the Bancrofi-Haliburton area.!® Some of his descriptions of
mineralogy and ‘structure produced by acid contact alteration of the less
vigorous type might be applied word for word to the cass of the more basie-
Tsinan rook. In particular ‘“‘the caleite where prosent in the rock is usually
in the form of very coarsely crystalline aggregates cementing the other consti-
tuents, and into which the other minérals grow in the form of perfect crystals
and with excellent terminations. This calcite represents portions of the
original limestone which Eave survived in an unaltered condition, except that
they have grown more coarsely crystalline. - When the calcite is subsequently
removed in solution by percolating waters, spaces results which are found
lined with beautiful erystals of pyroxene and other constituents of the rock.”
At Tsinan the vein-like behaviour of the caleite strongly suggests that actual
fusion or eolution has occurred, although, as has been already pointed out,
the capacity of limestone to be moulded has been noted experimentally as well
8s in the field. The gky-blue calcite here, on account of its limiled distribu-
lion and the conditions of its occurrence, seems probably to he hest regarded
as a remnant of original carbonate rock which was fused or dissolved, so
a8 to behave locally like a pegmalite mineral, but not taken up syntectically
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into those last juices of the norite which were intruded a8 true vein mineral
solutions.

Biolite Reaction Rims :

Throughout the area biotite appears as a ‘‘reaction-rim”’ at the con.
tact of magnetite with plagioclase feldspar. The mineral shows strorig absorp-
tion; in basal section it is reddish brown, being almost opaque except in very

" thin sections; in vertical sections plecehroism is very marked (x-—pale buff, -
#—dark grey-brown). In the coarser rocks the late magnetite which formed
contemporaneously with the hypersthens, as shown by the intergrowth with
the latter mineral, is somewhat more readily affected by the reaction than the-
earlier more euhedral orystals; but this.is not inveriable, - Plate T, Fig, 2
shiows & typical example of the magnetite intergrown with hypérsthene deve-
loping biotite fringes of this description. At the points’ whete such fringes
occur apparently entirely surrounded by pyroxens, it is probably ‘tha result of
4 foldspar contact mado out of the plane of the slids. :

The presenice of such reaction rims in a Swedish hyperite wag des-
cribed first by Tornebohm in 1876!'7 and such cocurrences have since been
recorded by a number of observers but To reference appears o he made
explicitly to the action of hypersihene in promoting the reaction.

In = slide of the fine-grained rook from Piao Bhan a count was made
to determine under what conditions the biotite did or did’not tend to develop.
The l'ol]owing' number of mineral associations in contact were noted in this
one rock-tection; it may be noted that the ratios agree olossly with those alse
found in coarser specimens,

() Magnetile, feldspar, hypersthens with biotite 118
(b) Magnetits, feldspar, with biotite, no hypersthene : 17
(0) Maguetite, hypersthene with biotite, no feldapar 5
(d) Hypersthene, feldspar with biotite, no magnetits 13
(e) Feldspar with biotile, no hypersthene or magnetite . -0
(f) Magnetita, feldspar, hypersthene no bistite 197
(g) Maguelits, feldspar, no biotite or bypersthens 193

It will be noted that of the places where biotite occurs (a, b, ¢, d) ‘
by far the largest number (a) actually show the presence of . hypersthens, the
biotite in fact usually developing on the side of the magnatite nearest Lhe



Q. B. Barboqr —The Tyinan Infrusive 51

hypersthene. In the cases (b) where hypersthene was not seen, thore is
strong probability that a-contact may have been made oulside the plane of the
glide. Similarly it is likely that some.at least of the cases (c), (d) where also
biotite i3 present may originally have had the fourth minersl just out of the
plane of the section. So ‘that a -considerable portion of the counts (b), (o)
and {d) should properly be transferred to (a).. Equally significant is.the
comparison of the fpldapar-mhgnal.ita contacts (g}, (b) whare no hypersthens
waa noted; in 193 cases biotite was absent, and in only 17 cases was it
present (while aven some of these may have involved hypersthene just out of
the plane of the rock-slice). As to the frequency with which the reaction
happens to have occurred in this case, given the optimam conditions, comparing
(8) 4nd (f) it will be seen that in only considerably over one-third of .the
casgd of the triple contact did biotite form in the plane of the section. Pre-
sumably the supply of material or the time available limited the development.

No detectable preference was showa for the later anhedral grains
of magnetite except in so far as these ars usually more closely associated
with the hypersthene than the earlier euhedral crystals of magne-
tite. In the coarser rock types the euhedral magnetile is distinetly
less liable to the reaction than the. later irregular grains,—possibly on this
account. Hence it is always possible that the later magnetite found typically
assoclated with the hypersthene in the slide just deseribed, being of later date,
is of composition glightly different and more liable to give rise to biotite.

Ezaotly what part the hypersthene plays it is difficult to determine, as
the mineral appears itself usually to be little affeoted. At some points it presents
e distinctly irregular outline in <ontact with the biotite, though this may
merely represont & previous irregular contact with magnetite now entirely
converted to biotite. On the other hand the hypersthene would be
e natural source for the magnesium ocourring in varying quanlity in
biotite, and some such equation as the following might symbolize a poasible
Teaction, involving only the addition of water and the potasso-siliceous consti-
tuents that would otherwise give rise to orthoclase or perthite, both of which
occur in the pegmatites;

Foy04.Fe013 (2 Mg, Fe) Si0,+H,0+K,0.41,0,.6 8i0,

=2 (K,H)(Mg,Fe) 4 (Fe,Al) , 3 3i0, +3 8i0,
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Such an equation must of necessity suffer the disadvantages of all
those designed to picture as e definite reaction a gradual chemieal exchange
volving preducts so varisble in composition as biotite. -Moreover it will be
noted that no plagioclase feldspar has been introduced into the formuls, since
the imaginery orthoclase plus water is found to supply more than enough of
the reqmred conetituents not previously present. In reality, since none of the
introduced materidls reach the site of the reaction in -oxacly the proportions
needed to form the hypothetical minerals enggested, but probably coms in the
dissociated state, the alumino-siliceous radicals are taken in the first instance
from less acid material of the feldspar already present in the adjoining plagio-
clases, and the balanee of the products must be léft to move on and -
adjust their own equations aa best they can outside the sphere of the resction |

| With the limited library facilitiés st his disposal, the writer has no
means of ensuring an exhaustive search, but in no publication available is
specific reference made to the mineral association here noted. In a micro-
Photograph published by Sederholm?® the magnetite developing bigtite fringes
is jteelf seen to be in coniact with hypersthens, though: the biotita rim only
shaows at the opposite margin of the magnetite. '

The correct interpretation of these mica-fringes bears directly on the
_imoemes governing the last stages of the formation of the rock. Some mineral
juxtapositions are rightly- interpreted as primary, while others can with equal
certainty be regarded as-the result of regional metamorphism, Thus Bayley?®
has shown that the disllage ooronss in the gabbros of Minnesola are of
primiary origin, and involve no resction, the pyroxene fastening itself as a
fibrous envelope indiseriminately around any mineral that hagd alfea.dy crystal-
lized out at the moment of its development, On the other hand the garnet
“reaction-rims” in the Adirondack anorthosites recently described by Kemp
and Roegler®® are probably to be explained by regional metamorphism and
are therefore secondary. In the case under discuesion the diagnostic eriteria
for either of the above causes are lacking. Where fringing magnetite, the
biotite cannot be regarded as belonging to & normal primary crystallization
gequence, pince it depends on definite mineral juxtapositions; it is therefore
truly in the nature of a reaction product. There is however no granulation or
evidence of any less extreme subsequent dyramic metamorphism.
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Wadeworth?! describing & similar ccenrrence, ‘refers to it as the
result of a socondn.ry interaction between the magnefite and foldspar, and not -
‘a8 8 primary g'rowth Kemp“ oxpreased the opm:on that the feature was
original. .

. It seems clear that the reaction which gave nsetothenmswnsof
* relatively late date. It involves magnetite which orystallized with hypersthens;
or actaally formed subsequent to-both it and- the feldspar. The formation of
biotite moreover implies the presence at that period of both hydroxyl and the
potash ions; which belong wuatorally at the acid end of the scale. Also the
reaction has taken place coextensive with the igneous body itself. Clearly
there remained over a differentiated liquid acid.residue after the main copsoli-
dation,  and thess juices were sufficiently active to- render the previons
mineral assooiation unstable in their presence, with the consequent reaction
tending to acidify the rock, FEvidenoe of this prograesive change of com- -
position in the residual magms is to be found in the pegmatites which carry
quartz, in the vermicular quariz intergrowths with plagicolase in the acid
phase and possibly in the resorption effect noted in the coarsor. basic types..

Blackwelder?® records reaction-rims of what are probably tremolite,
between the olivine and -the feldspars in the Tsinan gebbro. The selective
 pdsition of these rima would seem to make them open to the same explanation.
Bayley®* has noted reaction-rims resembling thess, of definitely primary
origin, gince they are ssen i0 be in optical continuity with adjoining erystals
and therefore only represent the incipient stages of erystallization of the
fringing mineral. Williams, discussing the Baltimore gabbro®®. desoribes
other tremolite reaction rims which he regards as définitely secondary. From-
their descnptmn those noted by Blackwelder in the Trinan rock seem unques-
tionably to be similar in type to the latter. Co-

Holland?¢ speaking of altered periodotites in Mysore remarks-that
“the minerals of early consolidation mey be attacked and altered soon after
their formation by the vapors originally included in the magma——or they
may become attacked at a distinet and subsequent period. In the former
cagse the processes of primary orystallization and secondary slteration are
continuous, and really phases of the same proceas——and the term “‘second-
ary’’ whep applied to rock alteration is bat relative.”
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Sederholm®*? has discussed the origin of these rims, together with
somewhat similar mineral associations, and has applied the word ‘‘denteric”
to reactions of this kind*® thus distinguishing between metasomatic changes
which belong to a later period of metamorphism (i e. strictly secondary), and
those which took place in direct continuation of the consolidation of the
magma itself. The biotite rims of the Tsmn.n gabbro are unquaatlonably to
be placed among these ‘‘deuterie” reaction products. - :

Several features observed in one section (Ta. 301) of the acid type
" sapply a beautiful corroboration of this conelusion. In this instance the
plagioolage which forms the balk of the rock has the average composition of
oligoclasa-andesine. It frequently shows a margimal intergrowth .of vermi-
cular quartz in = relationship of such significance as to call for fuller descrip-
tion. Careful application of the Becke refractive index test failed to identity
any potash felspar in the section and no perthite isprgaeﬁt.. The quartz resem--'
bles the tentacles of a “sea-anemone’” (Actinaris), the glightly recurved elub-
shaped processes usually ‘extending back basally to the border of the feldspar
it invades, thongh ocoagionally an obligue plane of section isolates.them; the
margin-itself is sometimes embroidered with a fine thread of quartz, which
may: be in optical continuity- with the vermicular growth. At other points
the development- i leas advanced and only microscopio streaks and patches of
quariz can be found, these appearing to favour the cleavage weaknesses of the
foldspar . - .- L
A oharacteristic feature is the irregular indented outline of the
feldspars eapacially-at points where the vermicular Iqum:Lz shows Blrongast
development, the plagioclases looking intd each other with projections and _
reentrants which have no crystallographic basis;. for example prismatic
sections of two adjacent 6ryﬂta.ls which ars oriented ' with ¢ axig praclically
parallel, meet in & sharply zigzag contact (Plate II, Fig. 6.)

i The intergrowth of vermicular quartzand plagioclase closely simulates
that familiar in some acid rocks to which Sederholm®® applied the term
“myrmekite *’ This latter has been discussed under a variety of names and
oxpleined variously as a primary eutectic (Becke®° et alii}, a secondary
ecorrosion effect (Michel Lévy®') and a reorganization preduct of & deuterie
type, where the myrmekite replaces a potash feldspor; the last is Sederholm's
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‘own explanation,

But ia the rock under diseussion no pot.a.sh feldspar ocours and there

i8 no evidence that it was ever present. Another explanation must be sought.
The possibility of & primary eutectic is ruled out by the scalloped contaets
‘between adjacent feldspars. For the same reasom- althongh the incipient
" development of quariz on the feldspar .cleavage suggesls corrosive attack with
metasomatism, this cannot represent the complete history. The only salis-
factory. explanation for the feldspar outlines is fo regard them as the resulls
of Jocalized resorbent action.of siliceons raagmatic residue upon previonsly
formed plagioclase and of subsequent. recrystallization in deuteric proportion.
The plagioclase recrystalliced in optics! Gontinuity with the undissolved core
of the crystals, the quariz interfingering it, and any siliccous balance
introduced latterly occupying a marginal position.

Mineralogicully the regult is identical with the reaction miero-peg-
matite of the granites, but its history i slightly less complex. It somewhat
resombles the intergrowths described by Ossun from s gabbro in the Ottawa
volley,®? except that the feldspar there' was probably orthoelase. The
process indieatad'iﬁvolvas a golution by later active residves of the early
primary ‘minerals and is clearly a.n.a.logous to the deuterit action which gave
riea to the biotite reaction rims. o

V. Tae ‘DmmTE Bopizs.
Main Types )

In three localities along the basa of tha bhills oceur rocks somawhn.t
more acid than those deseribed from the plain. Whether or not the various
types are to be connected, it is desirable to describe this acid .type before
takin_g up the interpretation. The acid series shows conaiderable,te;turjhl

va.natmn and is usually badly weathered.

A sample from the village of Yao T’ou 5 km, east of Tsma.n is a
medium grained quartz-diorite, with zonary plagioclase. feldspar (oligoclase to
andesine), showing a tendency to diabasio structure. (Plate II, fig. 3). The
interatitial feldspar is altered to kaolin; the basic cores of lath-shaped crystals
are somewhat less allered (sometimes couverled to chlorite, zoisile, ele.,) the
ouler zones being the least effected of all. Hornblende is poecilitic and where
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unaltered is strongly pleochroic (dark green to yellow-green) but is usually
bleached to green and subsequently altered to actinolite or reorganized, with
the rejection of iron as magnetite, to & mass of epidote, with chlorite and
biotite. In several loealities the rock is relatively fresh, but the hornbleride -
‘hes entirely yielded to an alteration resembling - propylitization, and the
feldspars show sericite. Magnetite also occura as larpe irregular grains often
in clese sssociation with the decomposing amphibole, but allotriomorphic
towards it. Both titanite—distinetly pleochroio (pink to greenigh yellow) —
and apatite ooour a3 accessories; the latter is often crowded ‘with inclugions.
The quartz stands in essentially interstitial ro]a.honahlp, but has also invaded
the boarders of earlier minerals by mplanoment at one point & single crystal
of quartz was observed making irregular concave embayments in adjoining’
hornblende, magnetite, and plagicclase, though at their further marging thesa
latter crystals develop characteristic outlines towards each other. The quarlz
~ itself yields to carbonate replacement. :

The relationship suggests an acidic end phase which modified the
earher mineralogy, under hydrothermal conditions. |

Variations of texture are found corresponding with varied conditions
of cooling, The sill-like outcrop on the west face of Yen Tze Shan shows a
beautifal porphyritic hornblende andesite; it has Jarge elongated hornblende
phenocrysts, in a folted ground-mass composed misinly of minate plagioalass
dotted with magnetite erystals; the feldspars sre too small, confused, and
clonded by alteration for identification 28 individuals but the Becke test shows
the refractive index of andesine. In ‘other typeé, close to the margin of the
introsive, the grain is often extremely fine; and the light pink-grey colour of
a typical sample from Yen Tze Shan suggests a thoroughly acid rock, but the
microscope shows & composition close to quariz-diorite. _

Besides these various iypes found in the foothills, there is one out-
crop of special significance out on the plain. This is the reck grading into
that responsible for the contact effects at Ch'ueh Shan already described.
Forming the most northerly outcrop on the plain i most distant from the
foothills, and is separated from them by the entire central gabbro mass. It
has s bearing on the positivn of the northern boundary of the intrugive, and
indirectly on the relationship existing between the diorite and gabhro bodies,
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The rock responsible for contact effects referred to.i8 a coarse grained acid gabbro
but grades rapidly through porphyritic stages to a pinkish rock almost free
from ferrpmagnesian minerals, and locally so fine-grained aa to be neérly_felsitiu.
Under the microscope it is seen to ba & fine hornblends quartz monzonile. The-

‘rock carries bright-gresn homblaﬁda an& abundant fiiapite; .amell amounts
" of magnetite and apatite complete. the accessories. Imtermediate ouicrops-on
the ghoulder of the hill show a range of samples indistingnishable fromsimilar
types in the foothills except for their greater freshness. The inoreasing fine-
ness of texture and the changing compesition unquestionably indicate. an
approach to the northern boundary of the intrusive. : ' .
Dzke and Vein Phases ' ‘

The margin of the dicrite' hodies are frequently much-disseoted by
dikes and veins. As in the gabbro body the vein types and the contact
reorganization products are-intimately mixed. The diorite weathers poorly
and extensive alteration often obscures the relationships, increasing the
difficulty of interpretation. No counterpart of the extremely coarse pegmatite
was observed, the texture of the}a rock in general heing somewhat finer than the
gabbro. Fine-grained acid dikes, mineralogically like the diorite froquently
ocour, These are of relatively late date, and come after the main formation
period. They are usnally pink-grey, 5o fine-grained as often to appear lithic,
are somewhat more acid, and stand weathering - much better' than the rock
they eut. Buot this resistence may be due to their finer grain, and also (o the
especially adulterated composition of the diorite close to the contact where the
dikes oceur, for under the microscope the alteration appears equally thorough
in both rocks, - )

A dike (Ta. 119) cutfing the diorite at the col between Pai Ma Shan
and Hupg Shen is mainly a fine eguigranalar mosgio of tabular feldspar
(zonary oligoclase-andesine) with some orthoclase and interstitial quariz;
hornblende and magnetite in very subordinate amounts are also allotriomor-
phic to the earlier feldspar; a fow sphene crystals and many nesdles of apatite
complate the accessories, The dercription of the rock given. above wounld
apply word for word to a eample (See MSS).

Other more acid specimens show orthoclage partially- developing iis
own ghape, and the larger zonary feldspars fringed with & microgranular
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mosaic which invades their marging. Caleite ia introduced. The rock is

hadly aliered, Lut was  evidently a very finegrained quartz-dlonte or
monzomta

From the marginal position of their .oceurrence,- a.nd the closo
eimilarity of their composition it is reasonable to relato them to:the main body
of the reck. Wllhs and Blackwelder report & still more ecid type from a
" locality ‘evidently close to Pai Ma Shan. *“The only dike igneous rock found
in the limestone hills near Tsinanfu occurs near the border of the plain, 2.5
miles southwest of the city. At first sight it has the appearance of a fine-
grained pink gradite, but upon microscopic- esaminition it proves to be s
quarizose ayenite-porpilyry; it has a finely crystalline grdund-maaa, composad
of sodic feldspars and quartz, with small phenoccrysts “of hornblende end
feldspar like those of the ground-mass. The odmpositic;ﬁ of this rock is such
as to indicate that it is not genetically related to the hypersthene gabbro.”?s -

However the obsarvalion guoted above was made in ignorancs of the
existence at othér points in the neighbourhood of the seriéa of rocks of inter-
mediate type described sbove; and although the nhature of the evidence
precludes absolute cerlainty, judging from the marginsl pogition of the acid
dikes, the closs similarity of their composition, and the observed range of the
acid series it would sesm probable that many, if ot all, of the dikes ate closely
related to the diorite body and henca, a8 will be shown below, to the ga.bbro
itself. - :

Contact Effects-ahd Magnetite Deposits :

At soveral points to the southeast magnetite deposits ocour both in
direct contact xélationship, and alsé es small vein and collateral deposits &
fow feet from thie diorite, None of them ailain any size, and the Iargeét.
observed was not above 4 feet in length, A magnetic survey made by Mr.
H. C. T'an of the Geological Burvey?#4 recorded several slightly larger dimen-
sion®, but none of economic importance. The magnetite is associated with
calcite veins which cut the margin of the dicrite body in all directions. In
these magnelite crystals occur often a contimeter in dizmeter, showing the
ususl cctchedron (111) and dodecahedron (110) faces, with two hexoctohedral
forms (apparently 531 and 543) and a trapezohedron (311) which somelimes
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oceurs with alternate pairs of faces meeting on one axisl suppressed.

The vein association is regular, magnetite forming the margin of the
veins, and caloite following ususlly with a brown siderite or limonite band at
the contaoct of the two minerals. These marginal veins appear to cut parts of
the diorite showing syntectic effects, and possibly some of the calcite is to be
régarded as resurgent, that is to say limestone actually completely absorbed. by
the magma and retained as the last lignid juice left to form vein material.
On the other hand, with calcite and megnetite there is frequently associated
large amounts of eplc'lobe and the latter mineral is prominent as a reorganm
tion product of the hornblendes in the diorite of this same zone.. Thus up to
the last the diorite was progressively modified by products of the SaIe magma
from which it originated, and part of this change may be attributable to the
incorporation within iiself of paris of the conntry rock which it invaded.

Usually the ‘iron bearing solutions have not entered the surronding
rock to any distance. But at some points, especinlly where the rocks bave
been disturbed, there is evidence of solutmna having penetrated along lines
of weakness.

A pretty example is shown in Plate II, Fig. 8. which shows “aka]e
tons’’ of limonite projecting in a kind of “bastion" structure from the walls of
the cavity they lie.. The rock is & finely crystalline limestons; the limonite
staining js eharply defined at its outer margin occasionally ranning bé.ck_into
the wall rock in an essentially invasive' relationship. - The zigzag limonite
framework is equally abrupt at its inner edge; the carbonate now filling the
colourless centre of the druse has crystallized in continuity with the cores in
which the limonite lies. Ths erystals giving rise to the ‘“bastion” wers clearly
epigenstic to the country rock and presumably deposited as a solid solution of
the piderits molecnle iri some other carbonate. The habit, which becomes
increasingly coarse in pattern towards the centre of the vein, suggesis a
dolomitic composition so that the original mineral may have belonged to the
ankerite series and-have been decomposed by subsequent reaction. Or possibly
the hislory was more complex; the wall being first for e time crusted with a
carbonate of a different composition from the country roek, and more linble to
reaction involving interchange of bases in presence of iron bearing solutions,
thus giving rise to ankerite which itself later decomposed with the rejection of
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limonite along the carbonate cleavage planes. In cther- localities, especially
whera the rocks are disturbed, fanlt weaknesses have given easy channels of
access to percolating water, as in the gorge above Yao T'ou, where the antu-e'
limestone is stained to buff.
In penerel the limestone is not marmorized fo any great distance from

the contact; at most points the recrystallization ten feet from the igneous
“rock is on’Bo fine & scaléas-to be undetectable in the hard specimen. Occa.ﬂsi;ma.l-
Jy the rock iz a cosreely mystalliﬁe marble. On Wu Ting Shan, the contact
rock Ha.‘s be¢ome ‘s mass of radiating feathery groups—f prismatic carbonaie,

' " At Pai. Ma Shan end Hung Shan the situation is complicated by the
effects of dyna.mlc metamorphism in addition to contact alteration. Close
to the contact (only exposed at one point) the limestone has been bleached

and restained in patches of yellow and red. In the largest quarry on the hill -

face of Hung Bhan the Tecrystallized granulated limestone is pale sky blue,
while & schistpss phase nearby i8 found cut -by a vein of coarsely erystalline
blus calcit. "Both the vein and the couniry rock at this point carry abundant
small rod shaped crystals of & contact mineral. Thess develop most readily,
though by no means invariably, parallel with the foliation, and usually weather
out laav!ing elongated cavitigs with oblique terminations. Agaeiust the slate or.
. rusty eol‘ounng of ¢ha weathered carbonate rock in which they occur, the
crystals appear s a grey silky mass, ﬁbrous parallel with their elongation which
“averapes about. hve times the width.” Decay starts from the outer surface of
the crystal, lasmug naadle-hka cores of darker, denser looking material.
Under the microscope the oiitlines of the cavities appears to be monoclinic
(possibly triclinic) with prismatic elongation.

The friable condition of ﬁm rock and the digintegrated stets of the
mineral itsslf makes recognition uncertain but it resembles antigorite. If o
the definite ‘shape of the outline of the mass, and the decayed appearsnce
Btmngl_y suggests psendomorphs of antigorite after pyroxene,

VI, RELaTroNsEIP BeErwrsEN Iensous Bobies,

A conneclion between the varions gabbro outorops is clearly indicated
by the lithological similarity and the field evidence (see map). Except for
tho limestone outerops at Hua Shan and Huapg Tsao Shan, which will bae
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dlscuasad later, no reentrents of country rock invade t.ha area of the hyperite -
outerops. There i8 10"teason loddoubt the connection of these,
The :mtrdﬂwg dntcropa along the bass .of the hills for six miles from
_ Wu ng Shan - to Hung ‘Shan ghow . taxtuml -yariations -but are often
l:mnera.logzmlly alike, BTa. cut. marginelly by similar acid dikes,. show the _
spme vein ‘and contact effects, occasionally . giving magnetite - deposits, -aifd
" where not actually visibly ‘ggmineoted with each other, a.ré invasive at & fairly"
oonainnt horizon in the Fsinan limestone as nearly as. can be deletmined. A
similar origin if not & genetio connection between them is clearly indicated.
-Belore disoussing the form of the two types of infrusive rock it is
Necessary to congider whether or not any relationghip can- be established'
between them, despite the dms:.mﬂanty which has led to , their be,mg classed
a8 genetically dlshnct .
: The field datn might admit of interpretation in either way. The
gaps between the outerops a.ré.so situaled that if the series grades from gabbro
to quariz-diorite, it is interrupted st almost identical ‘oritical points parallel
with the ma.rgm, and the few intervening outerops are so0 badly weathered as
to be indeterminate. F. v. Richthofen would appear to have been réady to assign
the two types to the same peried had he not been corvinced of a etructnral
1nterpretatmn which later observation seems to challenge. “Fraglich ist o8
allerdings ob die letzteren’ Giinge in diesen Zeitabschnitt gehdren. Sie ﬁndan
sich in so unmittelbarer Nibe der Kuppen von Hyperit und -Gabbro bei
Tsinanfu dags es nphe liegt, sie mit ihnen zusammenzustellon. Fiir diese
aber machen die Tektonischen Verhiltnisse ein genngeres Alter wahlirschein-
hﬁh nap |
Against the idea"of a genetic connection is the superficis! mineralo-
.gical dissimilarity. This in itself led v. Richthofen to class them as entirely
independent and to infer an intervening dislocation. Even though Willis
and Blackwelder question this inference on struetural and physiographic
grounds, such rooks as they did see they concluded were not genetically
related. -
) It may also be argued ihat if a single intrusive is in question, the
maguetite deposits ara limited to diorite contacts, and are tco insignificant
for 5o large a body. It may bhe pointed out in reply that the actual contacts
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exposed only repreaent a portion of fha total original contact surface and being
Perhaps lateral marginal wedges at that only received 8 fraction of the ore
which was deposited more- centrally over the higher parts of the intrusive,
and that anyhow the characteristic irregularity of ﬂuch deposits may so dispose
thew that the present surface of erosion exposes mone of any value. The
-absence of magnetite from gabbro-limestone contaots is inconclusive: no upper
contact is anywhere exposed. .

Tn favour of a genelic connection the following points may be noted:

1. In both diorite and gabbro there is evidence of sn sctive asid
end-product capable to some extant of modifying premously crystallizad rock
by deuteric action throughout their whole extent, showing that each comes
from a magmatic body of sonie size eapable of differentiation over a larga area.

2. Moreover both types show ayntectic reorganizations which are so
eimilar at times as to be indistioguisable. On the other hand. with & rock of
such ‘comparatively simple and uniform composition s the Tsinan dolomite
two entirely unconnected intrusives could, if equally active chemically, react
to form very similar products.

3. Pegmatites containing quartz are found in the gabbro and
vermicular quarlz was referred to in the more acid type described ; the average
magma must therefore have been more siliceous than is suggested by the
Prominent more basic cuterops, and thus closer in tomposgition to the quartz-
diorite. This would involve differentiation no more extreme than is known
to occur elsewhere, Loughlin’s deseription®? of the laceolith af Preston,
‘Conn., shows differentiates rauging from gabbro, throogh quariz-hornblende
gabbro to oligeclase granite. Diller reporty dacitic types associated with gabbro
“from Port Orford, Oregon®?, In larger bodies a still preater range of com-
Position may be found; the familiar case of the Sudbury nickel-eruptive with
its variation from miémpegmat.ite granite to salphide ores might be instanced.

In particular the rooks of the Cortlandt series seem te offer & closs
parallel. Berkey?® aummai-izing the work of Rogers distinguishes among
other types mica and hornblende-diorites (sometimes with quartz), biotite-
augite and hornblende norite noting that offen the most basic members grads
into one another, the analyaes indicating an unmistakable serial relationship.
Within an area of 25 wmiles the various norite differentiates lis ak the centre,
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flanked by pyroxenites with a diorite area intervening at one point.

"The biotite reaction-rims and vermicular quariz seem to point clearly
to & Water-charged silicdous residue, till gaseous or liguid when the bulk of
the basio rock had solidified. In & recent disoussion of *‘Magmatic Differentia-
tion of Tgneous Rocks’ Vogt?® comments on the abnormal presence of biotite
in some norites and alludes to the fact that many of the agsociated hornblendes
are found to carry water. _

_ In discussing the hornblendic features of the Purcell sills gabbro,4®
British Columbis, Daly citea Allen and Clement's experiment4! as evidence
that hornblende requires the presence of water in the solid amphibole solution
in order to. crystallize, and suggests that since the basic magma has absorbed
some of the quartzitic country-rock, it must have absorbed ‘water and other
volatile sabstances originally enclosed in the sedicaents. Certainly the hydroxyl
fon is essential to" the mica-bearing rocks which develop typieally towerd the

acid end of the scale—incidentally also the normal home of m:srohbes. -

- usually attributed to the presence of enclosed volatiles and steam.

In the case of the Tsinan _magma there i§ no means of determining
how far this water may have been derived from incorporated ootintry-mck,
especially at the margin or whers syntectic absorption has ogeurred. . ‘Absorp-
tion of limestone by the Teiuan gabbro is unquestionsble. But the fact that
there is no localization of the biotite resction-rim effect suggests that the
presence of hornblende marginally is due rather to the juvenile water norp:ially
prepent in acid residual juices, and argues against uny marked contribution of
water by absorbed sediments. Since, even in the gabbro itselt, differentiation
is clearly indicated by the acid end-products and reactions, the pegmatites and
the gneissoid banding, it would seem probable that quartz-diorite is the
marginal differentiate, the gabbro representing the basic central core. -

(4). 1If the likelihood of differentiation of this kind bs granted,
certain other observed features would be nalurally explained. The acid types
would tend to develop at the upper margin of the igneous body, the gabbroid
segregations concentrating in the core and the base of the mass. This would
explain the absence of pegmatites cutling the basic gabbro—except where .in
closf atociation with products suggesting partially digested xenoliths—and the
equally characteristic hirhly veined nature of the quariz-diorite.
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VII. FAULTING AND rrs RELATION To THE STRUCIURE OF SHANTUNG.

Thers i8 evidence 6f fault movement both ot Pai Ma Shan and
gouth of Yao Tzu Shan, striking roughly parellel with the edge of the plain,
As stated above, v. Richthofen saw no.connection betwoen the diorite oceuring
in the limestone and the gabbro hills. He hence postulated a fault of the
first magnitude along the foot of the hills; “Wir haben also hier abormals
eine Gebirgsverwerfung,' und zwar die bedeutendste von allen bisher darges-
tellten.” 47 Lorenz, though referring frequently to v. Richthofen’s work,
draws no distinction between the gabbro and d:onte types. On the contrary,
he seems fo recogmse tho gabbro as reaponmble for all the contact zone altera-
tioh; ““The north margin of T'si Shan range presents a fault-line along
which lava masses have come up. Remnants of thess are still found as small
Imolls on the Tsinan Plain. In consequence the limsstons in the contact
7016 i altered and exhibits & highly interesting miners) structare. As occurd
frequently in Wast Asis, iron ore develops with the IAgms. Disiomﬁdn and
intrusion’ with the development of 1ron dapomts are eommonly associated
throughout Shantnng.'4 3 '

Evidence of disturbance is to he found close to the margin of the
diorite bodies in* several localities. At one point in the bed of the Nanho,
east of Pai Ma Shan, the Teinan limestone is brecciated Jocally, bat there is
no evidence of extreme disturbance. Along the face of Hung Shan 1 mile
further west, the limestone is considerably distarbed. The revorsal of dip
(south and southwesl. instead of the usual gentle portherly dip) lsproba'b]y'
parily connected with the underlying intrusive. The mechanical results of
movement are clearly shown and, though owing to the confused re]a.tlonsblp
it is hard to be certawn, a local overthrust from the south seems indicated. -

Here the Tsinan limestons is seen in all degress of resrystallization
grading from a fine sky-blue to.a coarse black rarble with crystels of a centi-
metre diameter. At many points the recrysiallization has not lr.ap_t pace with
the granulation due to shearing, and’ the limestone is converted to a carbonate
schist or & granulated rock which powders between the fingers. The entire
range of these variations may be found within a few feet, the shearing, as
usual, often being taken up in planes or zones, between less affected beds.

The bleaching, diseolouration and marmorization of the beds suggeat
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that the contact lies buried only a fow feet beneath. This is supported by the
contact mineral pseudomorphs already mentioned. These bave developed
smbsequently to the disinrbance, for, although they shéw a preference for the
Planee of naturally easier growth. produced by shearing, they ftequsnt]y are

_eloﬁsabad in directions normal to thede planes and grow across tham, while
' shom.ug even under the microscope no evidence of being themsslves gheared.
This would indicate that if these coniact minerals were due to the diorite
intrusion as they certainly wonld appear to be, the bulk of the Hung Shan
faulting. waa prior to the last- slage-of the magmatic history, and cannot be
uged to.sipport v. Richthofen's coniention. On the other hand it is entirely
compatible with Lorenz's siatement that dislocation: and introgion are
eommonly associated throughont B]mntung. .

A.long the hill-face above -Tsinan city the decaptwely straight line
of the monntain front is. not gupportod by truncated spurs or .any other
evidence to suggest that it ig & fanlt scarp or fanlt-line searp of the type seen af
Tai An Fu. Instead the strearn-bed outerops of cheri-bearing limestone 4 mile
‘and -more . from the bass of Ch’ien Fo- Shan show no sign of allering the .
ragular gentle dip (o 12°) itowards the plain. At Yen Tze Shan, Yao T'ou’
and other points nsar the southeast exposed margin of the intrusion, distar-
bance is-again evident, and in this instance took' place in part at least after
introsion, as the igneous rock itself is involved, being crumpled and slickensid-
ed; since the general trend of the.late calcite-magnetite veins is roughly
parallel with the slickenslided faces, the slight disturbances may all belong to
one protracted period. But in no case observed is there evidence that rocks
previo_né]y. widely separated have been juxtaposed; in most cases only the
originally adjacent rock masses are involved, as at Ch'iich Shan. As far as
outcrops can be traced from the fool-hills towards the plain, there seems no
reason to postulate & dislocation of the first magnitude; moreover reconnais-
sance in continuation of this line slong the margin of the plain to the eagt
reveals no eign of any such fanlt.

The stratigraphic reply is no less convinoing. ~Projecting the gontle
dip of the Tsinan limestone towards the plain across the gap belween the
outerops would bring the top of that formation and the overlying Poshan
Beries (Carboniferous) to the level of the gabbro hillocks. Elsewhere in Shan-
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tung (as at Tish Shan) intrusives are found inveding the Ordovician strata,
while at higher horizons they are characleristic. It will Lbe shown that the
intrugive i8 in part at least concordent with a lower level than that of “the
" Poshan series sinca the higher Ordovician beds lie above the marginal wedges
of diorite; the depth of the igneous body itsslf happens to become a disturbing
factor in the calenlation. But the argoment for 4 continzous rather than
a faulted section is all the more valid.
~The argument frem physiography could not be put more lucidly than
has been done by Bailey Willis, in balancing the case for- peripheral warping '
againgt that for faulting. ““The maturely eroded surface of the mountain.
region extends down to the alluvial plaing in groups of hills. If ihese are
abruptly cut off elong & well-defined face, the oxistencs of a fault may be
* yeasonably assumed; if the hills terminate with an approﬁmate alinement,
even though they be séparated by deeply eroded valleys, faulting may be
considered probable, 1f, on the other hand, the hills lessen in height towards
tha plain, extend irregularly into it, and become more snd more isolated, we
infer that the sculptured surface is continuous beneath the alluvium. So far as
we have seen the margina)l relations of the Bhangiung mountains in the
vieinity of Tsinanfa and of Po.shan, the latter relation is the existing one” .44
However the ultimate réason in v. Richthofen's mind for inferring
any gi-aat dislocation -was the petrographic dimsimilarity of the two igneous
rocks. With the demonstration of a petrographio - continuity the hypothesis
falla to the ground.
h VIII, . Ack axb Form or INTRUSIVE,

The contact effects indicate clearly that the body is intrusive into the
Teinan limestone. No means of establishing a closs upper limit to the ageis
available in the area. "Comparison with similar infrugives cniting the Poshan
(Carboniferous) Beries elsewherse in Shantung led v. Richthofen and Lorenz
to date the period of igneous activity as Permian. Throughont NE. Chins
guch intrusions appear to be characteristic of the Upper Ordovicisn (gorres-
ponding to the higher horizons of the Tsinan limestone) and of the overlying
Carboniferous. Norin has described® alksli-syenites intruded between the
) Ordovician and Carboniferous sediments of western Shansi. Professor Nystrém
has commented in conversation upon the remsarkeble regularity with which
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intrusions are-found to occur at & horizon 80 to 50- meters below the top of
the Shansi Ordovician. During & watar-supp]y reconnaissance jusi morth of
the Chihli-Honan border the writer noted a similar concordsnt intrusive
between strata of the upper Ordovician exposed in the bed of the Bha Ho.4t
At Ta K'un Lun' north of Po Bhan, gabbrois to bs seen intruded into the
sediments over]ymg the Jurassic cosl series. This i8 in agreement with Willis
and Blackwelder’s conclusion that the rocks are probably not younger than
early mesozoie. ‘

" The intrusive nature of the mass being beyond queatmn, 1t might be
(&) a large simple or nmltlp]a laceolith, (b) a portion of an irrsgular gill, (c) -

- & boss or stock, (@) & smgla large neck or (e) & sorfes of small ch1mneya or
(f} laccoliths. : -

Willie-and Bla.ckwa!der‘ 7 remark, ““the roundish areas of outerop sug-
gest that the hills may be old volcanic necks, but, if 80, the ejectamenta of the
voleanoes hava long since been carried away in'the degradation of the region,
for no tuffs or lavas are visible there at present.” The unity of the outorops . -
in the plain, however, is against a seriés of {f) small laccoliths or (¢) neoks.
This i8 corroborated by the absence of the marginal vein types from the centre
of the area. Againgt (d), a single large nack, i3 the form of the diorite bodies
and the absence of any lava flows at a hlghor horizon in the Bhantung beds
compatible with a neck of such immense proportions.

A8 between other forms of intrusive, evidence may be sought in
goveral directions; (1) the marginal relationships of the diorits, (2) thé
bebaviour of the limestons -ontorops out in the plain, (3) _the differentiation
features of the gabbro magma, (4) the analogy from similar occnrrences else-
where in Shantung and (5) general structural and lectonic considerations,

(1) Whoxever the relation of the diorite to the overlying beds is
exposed, the intrusive appears almost consistently to be following the bedding.
Ezcopt where alight fanlt-modification occurs as at Yao Tzu Shan, the dip of
the limestone closely follows the upper surface of the igneous rock, bLeing
frequentiy domed uap over the intrusive; in fact this is the explanation of the
ghape of Yao 1zn Shan and doubtless also of other domes and local rolls in
the limestone, even where these do not erode to form features llke that just
cited.
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YEN TZU SHAN-

—WU TING SHAN

HUA SHAN

‘Fig. 2. Structure Section through east portion of intrusive -
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The lower contact is only exposed in one locality—on the west slopa
of Yen Tze Shan; the decomposition of the diorite yields & more fertile goil
than the usnal limestone talus, and the site has therefore beer selected for a
plantation made in connection with the ‘afforéstation scheme of the School of
Agrigulture of Bhantung (Nung Yeh Hstich Hsiao). Where first et the
diorite body-is over 80 fest thick. As the outerops are followed around the
hillside to the gouthwest, the uppar and lower contacts converge, the thickneas

' dacreamng from 35 to less than 20 feet between two gully exposures 200 yards
apart, and appa.rent]y dying out 100 yards further south. These outcrops
show the rapid textural variations of porphyritic types described above.

_At this i)oint the intrusive thus takes the form of a concordant wedge
and rmght be the margin either of a troe 3111 or of a simple or multiple -
lu.ccohth ‘with ifs mam mAsS' 1y1ng to the North or oven the margma.l apophysis
of X sbook .

-There i8 no means of detemnmng exactly the mnorthern limit of the
intrusive, It must lie farther towards the great plain than the last outerop of
gabbro on Ch’iieh Shan. But, as has been noted, rocks that originally lay
near the margin are now just protruding from the plain, and though they
have been faulted against the gabbro adjoining, there is not.]nug to indicate &
throw-of extreme dimensions. - :

The evidence then points to an oval outline with the longer axis
running east-west parallél with the front of the hills,

(2) Inthe p]a.iﬁ the outerops of limestone at Hua Shan, Huang

.Tsao Shan and nenr Chi Li Pd presént significant featnres. v. Richthofen
calls the rocks Crystalline Limestone withont ati@mpti.ﬁg to correlate them with
any particnlar formation exposed farther gouth, Lorenz<® mentions that he .
observed the marmorization of Tsinan limestone (griisige sandkalk) by ihe

- eruptive, but offers no explanation. The only place where the actual contact

is indicated 1ies under 30 feet of cover at the base of Hua Shan, Here mar-
miorized limestone dips under the gabbro at a moderately inclined angle; there
is oo sign of fanlt movement, nor any dévelopmeut of contact minerals; more-
over the gabbro is the typical basic variety, shows no increase in acidity as
close to the inargin as it is exposed, and is only cut by a few isolalted very
narrow veing. On the other hand the extent of recrystallization is such ag to
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make the limestone look unlike the typi¢al Tainan dolomite even a fow inches
from the diorite contact in the foothills, At-Huang Tsao Shan this marmoriza-
tion affecta the bulk of the hill, The observed facts point strongly to thiaas
representing the original floor underlying the norite magmatic chamber. This
would. account not only for the field relationship, but fdr the extensive mar-
morization combined with the absence of contact alteration or other marginal
acid effects, which would tend rather™to oceur at the upper and periphersl
portions of the body. If this interpretation is correct—and when the other
fastors disenased bolow are takén into congideration it i3 hard to recbncﬂe the
facts on any other assamption—this tilted underlying floor of the chamber
'Bf{mng]y'mggesté a body of ronghly Jaccolithic habit, the gabbro being the
bagic diﬂémntiatad core, it not &otuslly the main bulk of the rock, and the
diorite series the marginal wedge-shidped lobes extending laterally batween the
beds of the limestone. The dip-of the limestone at Hua Shan might be a Jocal
flezure in the flopr or the centripetal dip- found more often in laecoliths of
large size. ‘

-(3)  The evidence afforded by the gabbro.iiself is in favour of a
body of congsiderable size. The area occupied by the outerops of uniform type,
the coarse grain of the rock at all points.where the basic phase ontcrops, and
the area over which differentiation must ‘have ocourred with' moderate but
equal vigour to preduce such uniform deuteric effects, indicate a large body;
moreover the absence of pegmatite veins over the main central area, except
whers there is unmmtakab]a proof of a.dultemtlon by stoped bleoks, and the pro-
longed active life necessary to mccount for wgoroua differentiation of a body of
this size, point to the same conclusion. The controlling facter in differentis-
tion of bodies of comparable size is usnally gravitation, and the remlts observed
in this case are those to be expected from gravitative separation in a fairly
large intrugive. A parallel might be drawn with the Glamorgan intrusive
deseribed from Ontario 'by Adamg and Barlow,4? or the Preston Laceolith
already mentioned, which Loughlin regards as differentiated in this manner.

(4) Unfortunoately the writer has had little chance to examine the
other of the larger basio intrusives of Shantung which might throw light on
the present problsm. They are frequently raférx:ed to as laccolithic in type.
_ At T'ieh Shan a diorite body some 8 km, in dismeter is intruded into Ordovi-
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cian Limestone. During a hasty visit to the magnetite deposits which are
among the few payiﬁg iron mines in the provincs, no basal contact was dis-
coverable, and the fanlting complicates the relationship. The only rooks
sampled were those close to the contact, and these are not unlike the diorite
of Tei Nan Fu. Bat at no point visited is the T'ieh Shan intrusive exposed to
depthe enalogous to that of Tsi Nan Fa. The easlern outerop is only a frection
of the total extent of the intrusive, and the desply dissected core is probably
not exposed 80 es to afford evidence of differentialion. Bat even within the
limits exposed, gradation may be noted from & biotite-diorite to a coarser
and more basic hornblende-diorite further from the contact.

At-Ta Run Lun near Po Shan, Jurassic sediments are invaded by
gabbro. Here the introsive is a mulliple or compound laccolith, the eastern
face of the hill showing wedges of igneons tock between the Mesozoic glatos,
sandstone, and conglomerates, cut at one point.by = dike 15 feet across; this
apparently served as the feeder for the later higher levels of introsion. The
rock 6hows a range of textaral -variation corresponding to differing thickness
of the wédges; the main 1asy ia typieally gabbroic- with lncal development of
biotite and hornblende. _

The combined evidence points to a moderately large intrusive of
laccolithic bebavior and nog-mgula.i' outline. Tt remains to be seen how far
such 2 conelusion is in accord with the struetural facts.

(5) The whole question of the mode of formation of laceoliths calls
for careful revision. In the matfer of nomenclature {here are at present
grouped under one name emall intrusives like thoss fonnd in the Judith
Mountains and large bodies such as the Bushveldt laccolith whose minor by-
products may havg more far readiong effects than the total effect of the smaller
intrusives. Ideas regarding lhe causal connection between the forces involved
geom to be on an equally unsound basie. Keyes®® has recently challenged
the accepted hydrostatic origin formulated by Gilbert®! from the type area;,
denying the competency of intruding magma to dome up overlying rock
unaided.

But the formation of sills by & process akin to that involved in the
blister bypothesis bas never been called in question,

In ihe case of the Tsinan intrusion there is no reason to doubt thut
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the gabbro body represents the main core whils the Intoral wedges of diorite
are gubsidiary lobes intruded under & sufficient hydrosls.ﬁc pressuze to causé a
local doming of the overlying limestone, -
Recont work by Dr. J. G. Andersson and Mr. H. C. T’an of Pekmg
places the normal faulting of Shantung, and probably also the folding, in
Oligocone or Miocane. The date of intrusion is vertainly pre-Cretaceous.
“There is no -evidence to show that the positiun or shape of the intru-
give was determined by crustal weaknesses produced by earlier mﬁvement, nor
.does it correspond to any recogmzable underlymg stractural direction in the
T'aishan complex.
The elongated outline of the presant area is partly explained by the
ituation on the downwarped alope; but from the pomhon_ of the dlonte 1obes
it is probable that the main body actually has an aast-west extension.

IX, SUMMARY

The Tsinan: gabbro is the main phase of an intrusive of modaratsly
large size, showing gravitative differentiation grading through quartz-diorite
to more acid vein types. The development of vermicular quartz and biotite
reaction-rims, supported by otber evidences of deuterie actfon, points to a
water-charged siliceous residue as the final aap-ara.te. _ , ‘

The most severs contact reorganization occurs in limeslone xenoliths
whepe all slages from 1nc1p1ant silication to completa syntexis may be observed ;
small magnetite depomts are found at the marginal contacts. The shape of
the body is irregularly lgccolithic, with beaded~marginal lobes, possibly of the
multiple type. There is no evidence of severe: ‘dislocation either as the ]ocus
of mtrusmn or 88 & Jater strucfural factor.

-

Note on THE SprinGs oF T'st Nan Eu,

An entirely subsidiary question is raised by the springs which have
ms.da the city famous from the earliest times. According to popular report
thay number 72, and are all within the limite of the wall of the Chinese City,
but water has been drilled for successfully in the adjoining.foreign settlement.
The springs are artificially built up so that it is doubtful whether bed reck in
place i8 exposed anywhere. The water comes to the surfage at a lovel consi-
derably above that of the plain, so that it can be led in open channels through
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the streets, forming the nataral water system which is a feature of the oity.,
The springs themsalves aro scattered over & wide ares and vary greatly in-size;
the most famous group js that known as Bao Du Ch'uen. I am indebied to
Mr. Oliver J. Todd®? for data regarding the flow from the three main springs,
and the smaller tributarias whioh together form the gtream at the electric light
pla;it. In June, 1920 a Price current-meter at this point ragmtemd & dis-
charge of 70 sacond feol. -Mr. Todd puta the average ﬂow through the year
at not Jess than 60 second-feat. .

An analysis of the water trom Bao Du Ch’nen was kmdly mede by
. Professor William H.- Adolph of the”Department of Chemistry, Shantung
' Cbristian University. Dr. Adolph reporis:

Total solids . 251 parts per million
Silica 4.

Caloium carbonate . 108

~ Iron and alumina . 8B

Magoesium carbonate - 3

Calcium salphate 21

Magnesium. sulphate 2

Sodinm chloride 17

Temporary hardness 110

Permanent hardness 84

The waier analyses do not differ-from the typical waters of limestone

areas and the bottom of the well si Shantung Christian University is in Tsi-
" nan Limestone. v. Richthofen connscts them merely with the pervious quality
of thé loeas on which the city rests®®. But in view of the peeulinr localized
development of ihe springs, I em inclined to attribute the occurence to the
presence of an uncharted sheot of mtrumva rock below the ground forcing the
water table to the surface. An exact counter-part on a small scale is to be
seen just south of the plantalion on Yen Tze Shan referred to already; here
two waells 300 feet up the mountain side owe an nlmost uninterrupted water
supply to the water-proof qualities of the underlying diorite sill. The writer
hes also described*? a similar control of ground-water in the area morthwest
of Shun Teh Fu, where there i8 an extensive underlying sheat of rock whose
presence was atteated oniy by iwo emall outerops and which by producing a
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local water- ta.ble kept the subsml drainage cloge 1o the aurface, until it reached
the margin of the intrusive, where it at once’ sank out of reach. A similar
explanation seems probable in the cass of the springs at Tsi Nan Fu.

RerERENCES,

(1) F. v Richthofen, China, vol. IX, Berlin, 1882, p- 198.

{2.) Bailey Willis and Elict B]ackweldar, Research in China, Carnegie
Inetit, of Wa.shmgton, 1907, vol. I pt. 1, p. 47.

{3.) Th Lofenz, Beitrige zur Geologie u. Paleontologie von Ostasien
unter besonderer Bemcksxchtlgung der Provinz Schantung in China,
T Teil, Zeitsch. d. Deutsch. Geol. Gesell,, Band 57, 1905 (Sonder-
Abdruck, Marbarg), p. 15.

{(4¢) H C.Theao, Reconnq.lssa.nee of Magnetite Deposits in Northern Shan-

tung, Manuscript privately communicated by courtesy of Director
Geol. Surv. China. (1921).
(6.) v. Richthofen, op. cit., p. 222.

(7.) Willis and Blackwelder, op. cit., vol. I, pt. 2, p 403.

‘ .
(9.) G. B. Rogers, Geology of the Cortlandt Series and Iis Emery Deposits,
" New York Acad. Se., V 21, 1911, p. 86. .
(10:) J. F. Kemp, Geology of t.he Mount Marey:: Quadrangle, Essex Co.,

‘N. Y., New York Stata Museum Bulletin, nos. 229330, Albany,
1921, p. 17.

(11.) C. P. Berkey and Marion Rice, Geology of the Wesl Point Quadrangle,

N. Y., New York State Museum Bulletin, nos. 226-6, Albang, 1921,
p- 38.

(12) . R. A. Daly; Igficous Rocks and their Origin, New York, 1914, p. 217

(13) W C. Brogger, Die Eruptivgestsine des Kristiangebiotes, IV Das
Fengebiet in Telemark, Norwegen, Vid. Selsk. Skrifter, . M.N.K 1.,
no. 9, 1920. (smnmarized by C. E. Tilley, Geol. Mag no. LVIII
Dec. 1921, London, p. 552.)

(14.) J.J. H. Tea.l_l Geol. Mag., vol. 7, London, 1900,.p. 390.

(16.) J. F. Kemp, Econ. Geology, II, no. 1, 1907, p. 1.

{16.) F. D. Adams, Origin of Amphibolites of the Laurentian Area, Jour,
Geol., XVII, no, 1, Chieago, 1909, p. 7. Ses also F'. D. Adams and

* no No. 8.




- (17.)
(18.)

(19.)
(20.)
(21.)
(22.)

93
(24.)
(25.)
(26.)

Q7).

(28.)
(29.)
(30.)

(3L.)
@©2)

(33)
(34.)
(35.)
(36.)
(57.)
(38.)
(39.)
{40.)
(41)
(42.)

G. B. Barbour :—The Tsinan Intrusive 5

A. E. Barlow, Geology of the Haliburton and Banerofi Areas,
Memoir no. 6, Geol. Surv. of Cauads, 1910, p. 163. .
A. E. Tornebohm, K. Svenkse Vet. Akad. Handl., Bd. 14, XIII,
1877, p. 88.

J. J. Sederholm, Syantatm Minerals, Bull. de la Comm. Geol. de
Finlande, no. 48, Helsinglors, 1916, Pl. 1,.no. 1, .

W. 8. ﬁe.yley. Amer. Jour. 8¢, vol. XLIII, 1892, p. 5151

J. F. Kemp, Geology of the Mount Marcy ete. p. 38, .

M. E. Wadsworth; Minn. Geol. Surv, Bull. 2; 1887, P1. VI, fig. 1.
T. F. Komp, Gabbros on the Western Shore of Lake Champlain, Bull.
G. 8. A: vol. 5, 1894, p. 220

Wllhs and Blackwelder, op. “cit., vol. T, pt 2, p. 404.

Ww. 8. Bayley, Jour. Geol. XXXI, Chicago, 1893, p. 7028,

G. H. Williams, Bull. 28 U.8.G. 8., Washinglon, 1886, p. 42.

T. H. Holland, Memoir Geol. Surv. Ind., vol. 34 pt. 1, Calouite,
1901, p. 8.

Sederholm, op. cit., p. 4.

Sederholm, op. cit., p. 142, :
F. F. Sederholm, Bull. Comm. Geol. de Finlande, no. 6, 1887, p. 112.
F. Becke, Toschermaks Min. w. Mitt.,, Bd. XIII, 1892, p. 411f

~ (quoted by Sederholm).

Miche} L3vy, Annales des Mines, VIII, 1875, p. 396.

A. Osann, Notes on Certain Archean Rocksof tho Ottawa Valley,
Geol. Surv, of Canada, part O, Anu. Rept. vol XII, p. 70.

Willis and Blackwelder, op. cit., vol. I, pt. 1. p. 47,

H. C. T’an, manuseript privately communicated.

v. Richthofen, op. cit., p. 222.

G. F. Loughlin, Bull. 492, U, 8. G. S., Washington, 1912, p. 78fI.
F. 8. Diller, Port Orford Folio, U. 8. G. S Washington, 1903,

C. P. Berkey, op. cit., p. 67f.

J. H. L. Vogt, Jour. Geol., XXX, no. 8, Chicago, 1892, p. 665.

A. R. Daly, op. cit., p. 320. :

E. T. Allen and J, X. Cloment, Am. Jour. Sec., vol 26, 1908, p. 118.
v. Richthofen, op. cit., p. 199.



76

(43.)
(44.)
(45.)
(48.)
(47.)
{48.)
(49.)
(50.)
(51.)
(62.)

(53.)
(54.)

Fig.

Pig.

Fig,

Bulletin of the Geological Society of China

Th. Lorenz, op. cit.. p. 23f.

Willis and Blackwelder, op. cit , vol. I, pt I, p. 82, i

E. Norin, Tzu-chin-shan, an alkali-syenite-ares in western Shansi,
Bull., Geol, Burv. China, no. 8, Peking, 1921, p. 47.

G. B.. Barbour, The Underground Water-supply of the Tingohow and

Shuiitehfa Aress, Jonr. Ass. of Chin, and Am, Eng,, no. 9, vol. III
Peking, 1922, p. 14. '
Willis and Blackwelder, op. cit., p. 47.
Th. Lorenz, op. cit., p. 15.
Adams and Barlow, loe. cit. -
C. Keyes, Teotonic Betting of Laccolithic Genesis, Pan-American
Geologist, vol. 37, no. 3, April, 1022, p. 208, |
6. K. Gilbert, On the Geclogy of the Henry Mountains, ‘Washington,
1877, p. 20, ' N -
M¢. Oliver J. Todd, Consulting Engineer, Tientsin, in lifteris.
v. Richthofen, op. dit., p. 197, '
Barbour, op. ait., p. 14,
EXPLANATION 0¥ PLaTes,
PLATE 1, :
Hyperite, Kwong Shan. Magnetite moulded reund augite (dé.rk
grey, with inclusions along parallsl cleavages) and developing fringe
of reaction biotite lowards labradorite (white, showing cleavage).
Hyperathene with rounded outlines, showing stained fracturs and
cleavage lines. (Ts. 207 X 40). -
The same, enlarged to show biotite reaotion-rim between magoetite
end feldspar where in contact with hypersthene, the latter distin.
guishable' from™ feldspar by higher refractive index and dactylic
intergrowth with magnetite. (X 180} .
Handspecimen showing Blages of contact metamorphism, Chiigh
Shan. Limestone below, gabbro upper right hand margin, with
Intervening bands of (d) diopside (massive (dark) and granujar
with feldspar (light)) and of (g) garuet (§ natural size),
Kenoliths end veins of diopside in gabbro, Chiich Shan. G
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"natural size).

Limestons xenohth pa\.-tly dissolved by weathering, in cawniy
lined with diopside envelops, surrounded by l.rreglﬂa.r garnat zone;

‘the whols swimming in gabbro. (See Fig. 3 above)

Weathered block, four feet high, showing gnelsamd ba.ndmg due to
dﬂerent!atlon, Hua. Shan.’

| PLATE IL
que grained hypenta Piao Shan. 8hoﬁng zopary inclusions in
auglta phenocryat {(dark grey), magnetite (black) ‘labradorite -
(white), and ort.horhomblc snd monoclinic pyroxenes (grey). (Ts.
312 X 40).
(a) Diopside feldspar mosaic coalesoing into-large: crysta‘s Con-
tact zons, MB.Kang Shan. (Ts. 303 X 40). _
{b) The same reduced tc fretwork by alteration to garnet (black,
isotropic). (Ta. 308 X 40, crossed nicols): ,
Quartz-diorite (altered), Yen Chih Shan. Zonary p]agloclasﬁ
altering to grey in different degreea mecording to composition,
magnetite (black) and hornblende.altering to epidote *(dark grey
with black merkings), (Te. 601.X42). _
Pegmatite minoral (?andslusite) as lest cavity filler, replacing
earlier feldspars. Specimen loaned by Prof. F. K. Morris (X 35,
crossed nicols).

Vermicular quartz at confact between two plagioclase crystals.

Under microscope, though not shown by the photo, the twinning
can be detected in the dark plagioclase (labradorite-andesing)
nearly parallel with the zigzag contact from which tha_',qulsr'lz
appears to grow. (Ts. 301 X 35, crossed nicols).

Bast.ionlahap.ad limonite skeletons in carbonate vein cutfing Tsinan
limeston, Yao T’ou. (Ts. 607 X22). -

ANALYsIS

{When the following analysin was recsived, the paper wae already printed. Therefors

it can only be inserted bere.—Editor.)

Dr. Harry V. Fuller of Peiyang University has very kindly analysed

o fnirly bosic sample of the gabbro (Ts. 502) in which the reaction-rims have
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developed extensively at the expense of the magnetite. A recash in terms of
observed minerals is given for comparison. Since no orthoclase waa noted all
the K0 isallatted to biotite, thus giving free quariz. Although the laiter was
not ohserved in the section exzawmined and the biolite value in considerably
high, the error is less then if caleulsted entirely as feldspar and the resulting
composition of the plagicclase Ab,An, tallies with observation. An arbitrary
assignment of the lime halance to augite is found to give a ratio between the
pyroxenes closely corresponding to that noted. '

Siog . 51.78 © . Albite ' 20.96
A1,0, 17.79 ' Anorthita  85.58
Fe,O, 2.10 Biotite ~ 7.20
FeO 6.91 ' Magnetita  3.02
Ca0 10.00 Augite 17.40
- MgO 7.36 Hyperstene  12.85
Na,O 2.48 Quarlz.  2.94
K,0 076 | o
loss 0.82 S 99.95
99.50

Analysis by Dr. H. V. Faller
Recast by G, B. Barbour
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