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Abstract. The Quaternary Herchenberg composite
tephra cone (East Eifel, FR Germany) with an original
bulk volume of 1.17-107 m* (DRE of 8.2-10° m®) and
dimensions of ca. 900-600-90 m (length - width - height)
erupted in three main stages: (a) Initial eruptions along
a NW-trending, 500-m-long fissure were dominantly
Vulcanian in the northwest and Strombolian in the
southeast. Removal of the unstable, underlying 20-m-
thick Tertiary clays resulted in major collapse and re-
peated lateral caving of the crater. The northwestern
Lower Cone 1 (LC1) was constructed by alternating
Vulcanian and Strombolian eruptions. (b) Cone-build-
ing, mainly Strombolian eruptions resulted in two ma-
jor scoria cones beginning initially in the northwest
(Cone 1) and terminating in the southeast (Cones 2 and
3) following a period of simultaneous activity of cones
1 and 2. Lapilli deposits are subdivided by thin phrea-
tomagmatic marker beds rich in Tertiary clays in the
early stages and Devonian clasts in the later stages.
Three dikes intruded radially into the flanks of cone 1.
(c) The eruption and deposition of fine-grained upper-
most layers (phreatomagmatic tuffs, accretionary lapil-
li, and Strombolian fallout lapilli) presumably from the
northwestern center (cone 1) terminated the activity of
Herchenberg volcano. The Herchenberg volcano is dis-
tinguished from most Strombolian scoria cones in the
Eifel by (1) small volume of agglutinates in central crat-
ers, (2) scarcity of scoria bomb breccias, (3) well-bed-
ded tephra deposits even in the proximal facies, (4)
moderate fragmentation of tephra (small proportions of
both ash and coarse lapilli/bomb-size fraction), (5)
abundance of dense ellipsoidal juvenile lapilli, and (6)
characteristic depositional cycles in the early eruptive
stages beginning with laterally emplaced, fine-grained,
xenolith-rich tephra and ending with fallout scoria la-
pilli. Herchenberg tephra is distinguished from maar
deposits by (1) paucity of xenoliths, (2) higher deposi-
tional temperatures, (3) coarser grain size and thicker
bedding, (4) absence of glassy quenched clasts except
in the initial stages and late phreatomagmatic marker
beds, and (5) predominance of Strombolian, cone-
building activity. The characteristics of Herchenberg

deposits are interpreted as due to a high proportion of
magmatic volatiles (dominantly CO,) relative to low-
viscosity magma during most of the eruptive activity.

Introduction

In many fields of monogenetic basaltic volcanoes,
eruptive mechanisms range from dominantly magmatic
(Strombolian/Hawaiian scoria cones plus lava flows)
to dominantly phreatomagmatic (Vulcanian) maars and
tuff rings as inferred principally from the nature of the
deposits and edifices. Mafic volcanoes of the Quater-
nary East Eifel volcanic field (EEVF) show all grada-
tions between these two end members (Schmincke
1977a, b): (a) maars and tuff rings formed entirely by
Vulcanian activity (e.g., Lummerfeld Maar); (b) scoria
(agglutinate) cones entirely of Strombolian/Hawaiian
origin (e.g., Ettringer Bellerberg, Tonchesberg), and (c)
those in which phreatomagmatic (Vulcanian) and
Strombolian/Hawaiian styles alternate such as at Ro-
thenberg volcano (Schmincke 1977a, b, 1990; Hough-
ton and Schmincke 1986, 1989). Herchenberg volcano
consisting almost entirely of lapilli deposits allows us
to evaluate another factor: the characteristics of depos-
its from eruptions of low-viscosity/high-volatile mafic
magma.

Herchenberg volcano, situated about 5 km north of
the Laacher See at the northern rim of the late Quater-
nary East Eifel volcanic field (EEVF, Figs. 1, 2), is
largely composed of hauyne-bearing melilite-nephelin-
itic tephra. In the EEVF, some 100 volcanic centers have
erupted in several major phases, which can be distin-
guished compositionally and spatially (e.g., Schmincke
1977b, 1991; Duda and Schmincke 1978). An older
suite (>400000 years B.P.) of leucitites, melilite-nephe-
linites, and evolved rocks is concentrated in the western
area of the EEVF (Rieden-Kempenich area). The
younger subfield of the EEVF is dominated by scoria
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Fig. 1. Location map of the East Eifel volcanic field (EEVF) showing mafic volcanoes evolved eruptive centers and volcanic com-

plexes

cones of basanitic to tephritic composition. The vol-
canic activity in the EEVF culminated in the eruption
of ca. 5 km® DRE of Laacher See pumice about 11000
years B.P. (e.g., Bogaard and Schmincke 1985).

Most previous work at Herchenberg volcano was
concerned with tephrochronological aspects and is re-
viewed by Bednarz (1982). Here we will discuss the evo-
lution of the volcanic complex. The origin of peculiar,
ellipsoidal, dense lapilli is discussed elsewhere (Bed-
narz and Schmincke, in prep). Mineralogy, petrology,
and magma properties are treated in Bednarz and
Schmincke (in prep). Recent “°Ar/*°Ar laser dating of
Herchenberg phlogopites (Bogaard, unpublished data)
indicates an eruptive age of approximately 480000
years B.P.

The basement beneath Herchenberg volcano is
made up of Lower Devonian (Siegenian) sandstones
and slates with a total thickness of about 4 km (Meyer
and Stets 1975); fold axes trend ENE-WSW. The wea-
thered Devonian rocks are overlain in the Herchenberg
area by about 20 m of Tertiary clays and sands topped
by >2m of Pliocene gravels (“Kieseloolitherrasse™),
which form an important regional marker bed (Ahrens
1929; Fig. 3). Ahrens (1930) postulated a small local
Quaternary tectonic collapse basin with up to 50 m sub-
sidence around Herchenberg based on the low eleva-

tion of these gravel beds (ca. 220-235 m asl) compared
with their regional elevation of approximately 270 m
asl. Quaternary deposits around Herchenberg comprise
loess, soils, and several tephra layers derived from
other volcanic centers of the EEVF. Clastic dikes, dom-
inantly phonolites, originated at the Diimpelmaar cen-
ter 0.5km southwest of Herchenberg (Bednarz and
Schmincke, in prep) at 116000+ 16000 years B.P. (Bo-
gaard et al. 1987). Phonolitic Diumpelmaar tephra
(DMT) overlies the Herchenberg scoria cone with a
maximum thickness of approximately 6 m.

Petrology and geochemistry

Herchenberg lavas are phyric to glomerophyric,
hauyne-bearing melilite nephelinites with 10-14 vol%
clinopyroxene, 1-3 vol% olivine, 1-2 vol% hauyne, 1-4
vol% titanomagnetite, and <1 vol% phlogopite pheno-
and microphenocrysts. Clinopyroxene, nepheline, me-
lilite, and Fe-Ti oxides are the dominant groundmass
phases. Accessory phases are microphenocrysts of car-
bonate and chrome spinel. Carbonate globules (ocelli)
with maximum diameters around 0.2 mm occur mainly
in the vitric groundmass of early lapilli. Patchy cemen-
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Fig. 2. Topographic map of the Herchenberg area. Frame indicates the position of the structural map of Fig. 4

tation by brownish sparry carbonate occurs locally in
early lapilli layers. Phenocryst modes did not vary sys-
tematically during the evolution of Herchenberg volca-
no.

The chemical composition and chemcial variations
of Herchenberg are distinctly different from the well-
constrained chemical trends of the E-Eifel basanite-te-
phrite-phonolite series, which are related largely to
fractional crystallization in intermediate- to high-level
crustal magma chambers (Duda and Schmincke 1978;
Schmincke 1982; Worner and Schmincke 1984: Viereck
1984). The peculiar chemical trends observed in Her-
chenberg lavas may be largely explained by separation
and fractionation of an immiscible carbonatite magma
rich in Na,CO;, K,CO;, and SrCO; (Bednarz and
Schmincke, in prep).

Structure of the volcano

The main quarry extends as much as 80 m deep into
Herchenberg volvano (Figs. 2, 4) with exposed walls
over >3 km long, thus permitting a detailed study of
the stratigraphy of the deposits and structure of the vol-
canic edifice.

Eruptive centers were located using morphology,
periclinal strike, crater wall unconformities, degree of
welding, dikes, and systematic changes in grain size
and thickness of marker beds.

Stratigraphy

Six main stratigraphic units are distinguished (Fig. 3):
1) initial deposits (massive phreatomagmatic and
Strombolian facies);
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2) lower cone 1 (LC1), initial deposits (rthythmically

bedded rim facies and more massive “channel” fa-

cies);

3) upper cone 1 (UC1), Strombolian and mixed Strom-

bolian/phreatomagmatic facies;

4) cone 2 (C2), Strombolian facies punctuated by

phreatomagmatic pulses;

5) cone 3 (C3), Strombolian, mostly welded facies in-

side the crater of cone 2 with minor nonwelded crater

wall facies;

6) late top tephra layers covering the entire edifice.
The dikes most likely intruded the flanks of cone 1

during early stages of the construction of cone 2. Lava

flows were not produced by Herchenberg volcano ex-

cept for a 10-m-long spatter flow forming a small ram-

part during construction of cone 2 (Fig. 5).

The eruptive sequence
Initial deposits

The lowest exposed deposits of Herchenberg volcano
in the south, southeast, and west dip 20°-45° toward

the central crater forming an overall bowl-shaped struc-
ture. We interpret these volcano remnants as segments
of the initial eruptive phases of Herchenberg volcano
which were rotated toward the volcanic center due to
major crater collapse during the early eruptive stages of
Herchenberg volcano.

The initial tephra deposits comprise (I) a massive
Vulcanian tuff-breccia facies in the south and west and
(IT) a Strombolian lapilli fallout facies in the south and
southeast. Though poorly exposed, they are distin-
guished because:

(a) The deposits of the first weli-exposed eruptive
phase (lower cone 1; see below) postdate collapse and
tilting of blocks into the crater area. The products of an
earlier eruptive phase are mainly downfaulted below
the present level of exposure.

(b) Strombolian fallout lapilli, which are also exposed
in the southernmost part of the outcrops, are inter-
preted to be older than lower cone 1 as they

- are unlike any other deposit of Herchenberg volcano
and

- have been strongly affected by volcano-tectonic
events, most likely the early collapse of the crater
area.
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Fig. 5. Field sketch (looking east) of small spatter flow draining down the flank of cone 1 (into right background) in response to high
local tephra accumulation rates during eruptions from cone 2 (see also Fig. 4)

These deposits are also older than the early phase
of cone 2 deduced from direct depositional relation-
ships. As cone 2 is partly contemporaneous with upper
cone 1, it can further be definitely ruled out that these
Strombolian deposits represent lower cone 1, which is
characterized by abundant Vulcanian deposits; they
must thus be older than lower cone 1.

1 Massive facies

The massive facies (minimum thickness of ca. 10 m),
poorly exposed in the western and southern ends of the
quarry (TR in Fig. 4), is made up of moderately bedded
and poorly sorted Vulcanian tuffs, which contain
>80% of xenoliths, chiefly near-surface Tertiary grav-
els, clays, silts, and sands. Quaternary loess and pumice
clasts from the underlying distal Rieden tephra, Devon-
ian slate and sandstone xenoliths are rare. Xenoliths
range from <2 um to blocks >0.5 m in diameter. Juve-
nile clasts are lapilli size with abundant fresh siderome-
lane and may be enriched in thin lensoid layers.

2 Strombolian fallout facies

Strombolian fallout deposits of the Initial phases oc-
curring in the south and southeast of the quarry are at
least 15 m thick and composed of well-sorted, highly
vesicular lapilli. Individual beds are as thick as 5 to 6 m
and very homogeneous; single, inversely graded layers

are about 20-50 cm thick. Average grain sizes range
from 1-2 mm at the base to 0.5-1 cm at the top. Initial
Strombolian fallout deposits are nearly xenolith-free.
Some of the strongly thermally modified (“inflated”)
crustal xenoliths up to about 10 cm in diameter are well
rounded. Phlogopite crystals are mostly thickened and
distorted by extreme carbonatization. While inter-
growths of carbonate and phlogopite occur throughout
the Herchenberg scoria, they are rare in the younger
eruptive products and are nowhere as intense as in the
initial Strombolian deposit.

The contact between the basal Tertiary silty sands
and clays and the initial pyroclastic deposits is exposed
at the southwestern base of the volcano (Fig. 3): (I) a
volcano-tectonic contact dipping 80° to the northwest,
and (II) an almost concordant contact, dipping 45° to
the northeast. Tectonic contacts include those between
tephra/tephra, Tertiary sediments/tephra, and Quater-
nary sediments/tephra. The maximum angles of dip of
tephra layers are up to 50°, much too steep for primary
deposits. These abundant faults are interpreted to have
resulted from collapse of the marginal crater area in the
unstable Tertiary basement during the initial eruptive
stage.

Lower cone 1 (CL1)

An area with nearly closed periclinal strike of tephra
layers (cone 1) occurs in the northwest (Fig. 3). The
crater wall, unusual among Eifel cones, is essentially
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Fig. 6. Cross sections showing 5 evolutionary stages of Herchen-
berg volcano. Stages 1-4 show NS cross sections through cone 1.
Stage 5 shows a cross section along the inferred initial eruptive
fissure trending northwest-southeast. 1, Pre-eruption rise of
magma through a fissure in Devonian basement capped by up to
20 m of Tertiary clays. Quaternary layers comprise loess, soil, and
distal tephra probably derived from the Rieden complex (Fig. 1).
2, Initial, dominantly phreatomagmatic eruptions in the north-
western part are characterized by low eruption clouds and ejec-
tion of xenolith blocks on low-angle ballistic trajectories. Tertiary
clay is excavated and repeatedly faulted at the vent flanks. 3,
Lower cone 1 (LC1) is characterized by a rhythmic depositional

constructional with repetitive minor unconformities.
Layers dipping into the crater overlie older outward-
dipping layers that compose the outer wall but may ex-
tend some way into the crater (Figs. 3, 6). Average dip
into the crater is 24°, while the dip of the outer flanks
of cones 1-3 averages around 35°.

In the lower part of cone 1, distinct radial, vertical,
and in part lateral facies changes occur.

Northwestern sector (ca. 250° -40°)

The maximum height of LC1 in this sector is 40 to 50 m
at the crater rim. Tephra is made up largely of well-
bedded lapilli, forming graded beds comprising two
different end-member bed types best developed on the
outer slopes (Figs. 7, 8):

(a) Very thinly to thinly (1-10 cm) bedded, fine-grained,
yellowish to reddish layers contain about 30 wt% xeno-
liths of mostly Tertiary sediments and form the sharp
base of a bed. Along the crest of the crater wall, these
layers generally rest unconformably on the eroded sur-

cycle with Strombolian deposits dominating in the north and
phreatomagmatic deposits containing large blocks of Tertiary clay
dominating in the northeast and south. 4, Formation of upper
cone 1 (UC1) is dominated by Strombolian eruptions and is partly
contemporaneous with the erection of cone 2 (stage 5). During
this period three major dikes intruded the flanks of cone 1. 5, The
northwest-southeast cross section shows interlayering of cone 1
and cone 2 deposits. Within the crater area of cone 2 (enlarged by
collapse?) the small cone 3 formed whose deposits do not reach
far over the flanks of cone 2. Late tephra, probably originating
from cone 1, covers the entire Herchenberg volcano edifice

Fig. 7. Field sketch of a radial cross section through the crater
wall in the northwest sector of lower cone 1 (LC1) showing crater
wall unconformities. Lefi: outer flank of the cone; right: eruptive
center of cone 1. Dark shading: thinly bedded tuff layers of bed
type a forming the base of each depositional cycle and resting un-
conformably on the eroded surface of the underlying bed. Light-
gray shading: thinly to moderately bedded green to black, mostly
inversely graded lapilli layers of bed type b
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Fig. 8. Detailed sketch of bed types in the northwestern sector on
the outer flanks of lower cone 1 (LC1) close to the crater wall
(Fig. 7). Gray shading: thin reddish tuff layers (type a). Accretion
against small bomb indicates transport in highly dispersed base
surges to the left (arrow). Lapilli layers are inversely graded in

face of the underlying bed. Accretion against obstacles
as well as bomb sags indicate a high water content of
the fine-grained tephra during deposition. Both fea-
tures, however, are rare because of the generally small
grain sizes (Mdy 1.3 @) in the lower part of cone 1.
Only 16 wt% of the essential clasts are vesicular.

(b) Thinly to moderately bedded (<30 cm) green to
black layers with slightly wavy bedding planes contain
<35 wt% Tertiary and Devonian xenoliths. They are
commonly reversely size graded combined with a nor-
mal density gradient of the clasts, i.e., particles of
higher density tend to be concentrated in the lower
parts of the beds. These features, however, are re-
stricted to the outer slopes, starting approximately 15 m
from the crater wall, while beds on the inner slopes are
not graded. Thickness of beds is reduced by about 0.5
at the rim. Md,, is around —2.5 @ with a sorting coeffi-
cient o4 of about 1.6; vesicular clasts normally make up
> 20 wt%.

Northeastern sector (ca. 40° -100°)

About 60 m from the crater rim, this facies resembles
the Vulcanian beds of the initial deposits with respect
to its massiveness, small grain size, poor sorting, and
abundance of xenoliths. Xenolithic blocks of Tertiary
clay up to 0.8 m long are common, while Devonian xe-
noliths are smaller (max. diameter 0.3 m) and rare. Oxi-
dation of abundant fine-grained Tertiary xenoliths
gives the whole deposit a bright reddish to orange col-
our. Juvenile lapilli generally appear in discontinuous,
undulating lenses indicating synsedimentary mobiliza-

1
3 45

Grain diameter [®]

clast size and normally graded in clast density, indicative of the
development of a Strombolian eruption after each phreatomag-
matic pulse. Histograms show grain size distribution and repre-
sentative composition of bed types (a; sample 17) and (b; sample
15). For legend see Fig. 9

tion due to the high water content of the phreatomag-
matic tephra. Thickness and relative proportion of mas-
sive red tuff layers increase gradually in this sector
from north to east. The absolute and relative thickness
of reddish, massive, tuff-breccia layers within the
northeastern sector increases to the east.

The overall abundance of black Strombolian fallout
lapilli beds increases only in the upper part of LC1. The
deposits of LC1 end with a sequence of up to 2.50 m of
black, Strombolian, xenolith-poor fallout beds which
are directly followed by a 1-2-m thick marker bed (“m”
in Fig. 4) rich in Tertiary xenoliths (up to 0.8 m long).
The latter can be followed around the northwestern
sector covering an angle of about 180°.

Lateral facies changes within the northeastern sec-
tor cannot be traced directly as the quarry does not pro-
vide radial walls. However, over a period of about 8
years quarry operation proceeded for about another
40 m further away from the crater rim. The maximum
size of Tertiary clasts and the relative proportion of
massive phreatomagmatic tuff/breccia beds decreased
considerably compared to the more proximal expo-
sures. The entire deposit shows more pronounced and
“better-organized” bedding.

Southern sector (ca. 100° -250°)

The proximal facies in the southern sector of LC1 is
poorly exposed on the quarry floor. The increase in
abundance and size of Tertiary clasts indicates that the
facies in the south is similar to that in the northeastern
sector, i.e., more massive Vulcanian. Massive tuff-brec-
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cia beds increase in thickness downslope (by about a
factor of 2 over a distance of approximately 10 m).

At a former higher level of exposure, the reddish,
massive tuff-breccias of the south sector were bounded
sharply to the southwest by a major steeply dipping
fault, striking around 130°, parallel to the inferred ini-
tial fissure.

The total height of the crater wall up to the top of
LC1 is approximately 20-30 m lower than in the north-
western sector, which is probably partly due to a pre-ex-
isting slope dipping to the south. It is, however, sus-
pected that prevailing southerly winds during the erup-
tion resulted in deposition of dominantly Strombolian
products in the north leading to higher near-crater de-
position and accumulation rates and a higher crater
wall.

The whole section of LCl1 is estimated to be about
8 m thick approximately 200 m from the crater rim at
the southern end of the quarry. The sequence is domi-
nated by yellowish-brownish tuff breccias, while mostly
xenolith-poor lapilli fallout layers with high contents of
highly vesicular lapilli comprise about 40% of the total
thickness.

Upper cone 1 (UC1)

The northern and southern portions of the upper part
of cone 1 show distinct differences. The boundaries be-
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Fig. 9. Composite stratigraphic section of upper cone 1 in the

northern sector 10-60 m from the crater wall. Histograms show
grain size distribution and components of representative layers

Fig. 10. Photograph of inversely graded lapilli layers in cone 2.
Dense ellipsoidal lapilli are enriched in lensoid wedges indicating
slumping and rolling of clasts on the outer flanks of the volcano.
Hammer for scale

tween the sectors are not exposed due to the extensive
quarrying.

Northern sector

The upper part of cone 1 completely lacks the rhythmic
depositional cycles in the northern sector (Fig. 9). It be-
gins with a bed of scoriaceous lapilli, up to 1.5 m thick,
containing about 75 wt% vesicular lapilli, and is inter-
calated with layers of lower cone 2 in the eastern and
northeastern sector of cone 1, indicating a period of
contemporaneous activity of both major Herchenberg
eruptive centres.

The upper 30 m are mainly made up of medium to
thickly (generally <1 m) bedded lapilli layers with <1
wt% xenoliths. The relative proportion of vesicular la-
pilli ranges 8-35 wt%. Common reversely graded bed-
ding and strongly undulating bedding planes most
likely resulted from repeated rolling and slumping of
the dense scoria lapilli on the flanks of the volcano,
which became unstable when increasing amounts of
tephra was loaded on the upper slopes (cf. stage 4 of
scoria cone model in McGetchin et al. 1974). This pro-
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Fig. 11. Photograph of dike I, looking north toward the flanks of cone 1

cess was facilitated by the ellipsoidal shapes and smooth
contours of up to 35 wt% of the pyroclasts, which are
often found concentrated in wedge- and lensoid-shaped
gullies (Fig. 10). Smaller particles may also fall through
interparticle voids of larger ones and thus create the ap-
pearance of reverse graded bedding (Duffield et al
1979). The effectiveness of the downslope rolling of
particles is well illustrated in an exposure at the wes-
tern margin of the quarry where the layers of cone 1
change the direction of dip and form a small trough
while following the older morphology. Large lapilli and
bombs with above-average diameters are restricted to
the eastern, true cone slope while maximum clast sizes
(up to 25 cm in diameter) are found within the narrow
range of the morphological trough. On the opposite
western E-dipping slope, maximum and average clast
sizes decrease sharply.

Southern sector

Exposures in the southern sector of UC1 are limited.
Distinct facies changes are, however, obvious. Beds are
homogeneous and crudely bedded, while juvenile
Strombolian clasts are smaller than in the northern sec-
tor. Reverse grading in some beds, 0.3-1 m thick, is not
as distinct as in the northern sector. Slightly oxidized,
reddish Tertiary clasts up to about 50 cm in diameter
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are abundant (5%-10%). Devonian xenoliths are rare
and do not exceed about 5 cm in diameter. The whole
deposit is reddish in color, probably due to small
amounts of interspersed, fine-grained Tertiary xeno-
liths. Tertiary xenolith bombs are not dispersed
throughout the deposits but in moderately distinct
layers in which a particular particle size of xenoliths
dominates (e.g., <10 cm, %10 cm, 20-30 cm). Massive
phreatomagmatic tuff layers as in LC1 do not occur.

Dikes

A system of three major radikal dikes intruded the
flanks of cone 1, presumably during eruption of the up-
per part of cone 1 and early phases of cone 2. Dikes are
vertical and exposed for a maximum length of about
150 m. They follow a gentle curvature resembling en
echelon offsets resulting in slightly variable strikes: dike
I, 138°-155°; dike 11, 90°-98°, dike I1II, 60°-83°. Near-
vent widths are up to about 5 m; the vertical height of
exposure exceeds 10 m.

Evidence for partial magma drainback at least from
dike I comes from a partially emptied dike tip and a
zone, about 10 cm wide, close to the margin of the dike
where elongate vesicles, which are otherwise oriented
parallel to the dike margin, are sheared forming an an-
gle of about 45° to the dike margin. Furthermore, the
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Fig. 12. Stages of intrusion of radial dike I into the flanks of lower
cone 1 (LC1, dark shading) in four cross sections tangential to the
cone structure. Arrows indicate orientation of stress field; length
of arrows indicates relative size of the stresses. I, Pre-intrusion
tensional stress field. 2, Intrusion of dike results in a stronger ten-
sional stress field over the tip of the dike and a relative compres-
sional stress field at the side of the dike. 3, This results in graben
formation in the tip of the dike. 4, Partial drainback of magma
from the dike leads to graben formation on the flanks of the
dike

formation of a small (on the order of decameters), gra-
ben-like fault system about the dike (Figs. 11, 12; stage
4) may be explained by a volume/width decrease of the
dike due to magma drainback.

Only dike I is partly oriented subparallel to the in-
ferred initial fissure connecting cones 1 and 2
(135° £20°). We thus believe that these dikes do not
represent feeders for the eruption of Herchenberg vol-
cano, but intruded the flanks of the scoria cone more or
less horizontally from the central crater area of cone 1.
The tectonic stress field which dominates the orienta-
tion of the dikes is thought to be purely local resulting
from the gravitational burden mainly of cone 1. The
strike of 82 small-scale normal faults in the Herchen-
berg is roughly east-west (Fig. 13), subparallel to the di-
rections of dikes II and III.

Cone 2 (C2) and cone 3 (C3)

The inner crater wall is well-exposed in the southeast.
Layers of cone 3 are banked against the steeply dipping
inner crater wall that most likely had formed by col-
lapse. This type of crater unconformity separating an
outer older wall from a younger inner filling is common
in East Eifel scoria cones (Schmincke 1991).

Cone 2 and 3 deposits closely resemble the upper
part of cone 1 and are made up mainly of reversely

70

80

100

110

S 170

Fig. 13. Rose diagram showing relative frequency of strike of 82
small-scale normal faults in the Herchenberg cones and initial de-
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graded, thinly to thickly bedded lapilli layers with
slightly undulating bedding planes becoming increas-
ingly discontinuous upsection. Vesicular lapilli make
up only 1-27 wt% of these layers (Fig. 14); the lowest
content was found in a marker bed of phreatomagmatic
origin in cone 2 with approximately 20 wt% Devonian
xenoliths, the highest in a directly overlying, homoge-
neous, non-stratified lapilli breccia with a maximum
thickness of 15-20 m. In this layer, juvenile clasts are

Fig. 15. Photograph of the basal part of Herchenberg top layers
shows a sequence of thin, well-bedded layers of black, well-
sorted, fine-grained lapilli, layers of well-sorted accretionary la-
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drastically larger than in the rest of cone 2. About
150 m northwest of the crater rim, a small rootless spat-
ter lava flow is exposed close to its base (Figs. 4, 5),
which is also characterized by large clasts. The lava
flow is situated where cone 2 deposits overlie those of
cone 1 and thus dip toward cone 2. The flow, which has
a highly irregular base and a rather flat top, is about
10 m long and reaches its maximum thickness of about
1.5 m upslope thinning out quickly to the south (Fig. 5).

pilli, and thin tuff layers. The top part of the outcrop is made up
of black, well-sorted Strombolian fallout lapilli
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We relate the formation of this flow to a short interval
of lava fountaining with local accumulation rates high
enough for intense welding and remobilization.

Overall xenolith contents in cones 2 and 3 are <1
wt%, despite a few 10-20-cm-thick tuff marker beds of
phreatomagmatic origin in cone 2 where Devonian
clasts may reach about 50 wt%. Ellipsoidal lapilli make
up as much as 50 wt% of the distinct layers and are
even more enriched in lensoid slump lobes (Fig. 10).
Remarkably, reverse grading also developed in slightly
welded pyroclastic breccias near the crater wall of cone
2. It thus seems unlikely that this phenomena is solely
due to sorting processes during slumping, but must be
produced by changes in eruptive dynamics.

Late tephra beds

Primary top layers comprise a sequence of up to 3 m
thick, fine-grained lapilli, tuffs, accretionary and mant-
led lapilli which are well-bedded on a centimeter scale.
Reworked sequences resulting from rain wash/erosion
(cinder cone degradation) rapidly increase in thickness
downslope to > 10 m.

The base of the top layers fills a series of radial gul-
lies 0.5-1 m wide and 20-30 cm deep. The lowermost
tuff and lapilli layers are thick in the gullies indicating
transport via mass flows. We do not completely rule out
reworking for these lowermost layers, though this
seems unlikely, as layers of extremely well sorted, deli-
cate accretionary lapilli, which occur intercalated in
these top layers, are definitely in situ (Fig. 15).

Accretionary lapilli range almost exclusively 1-
5 mm, in size. Fine-grained tuff matrix is completely
missing. Most accretionary lapilli consist of a relatively
thick core made up of a vitric juvenile clast, an isolated
phenocryst, or Devonian xenolith covered by a rela-
tively thin mantle of fine-grained material mostly
<200 um. This type os small accretionary lapilli with
relatively large cores typically make up to 85% of
tephra layers (even in proximal facies), which were de-
posited from wet pyroclastic surges (base surges) ac-
cording to Schumacher (1988) and Schumacher and
Schmincke (1990).

Moderately welded spatter and dense agglutinates form
the core areas of all three cones. In cone 1, agglutinates
are restricted to the central inner crater area. In cone 2,
slightly welded scoria layers extend some 10 m out of
the crater, while much of the crater fill of cone 3 con-
sists of agglutinates. The crater volume occupied by
welded spatter in the Herchenberg (especially cone 1) is
small compared to other E-Eifel tephra cones where in-
tense welding may extend for more than 50 m outside
the crater wall. This is taken as evidence for compara-
tively low emplacement temperatures of Herchenberg
tephra even close to the inner crater.

Dimensions and volume

The dimensions of cones 1 and 2 were obtained by ex-
trapolation of the most elevated pyroclastics with their

proper did angle up to the assumed position of the
crater wall (also obtained by extrapolation) and down
to the elevation of the Pliocene alluvial terrace. The fol-
lowing dimensions were estimated:

Cone 1: basal width (W¢,), 500-600 m
height (He,), 80-90 m
Heo/ Wea, 0.13-0.18

Cone 2: basal width (Wc,), 300-450 m
height (He,), 50-70 m
Heo/ Weo, 0.14-0.22

The dimensions of cone 3 are relatively small as it is
restricted by the space provided by the crater of cone 2
and probably did not rise significantly above the flanks
of cone 2. In volume estimates, it is thus treated as the
“core” of cone 2.

Wood (1980b) and Porter (1972) found critical val-
ues for the He,/ W, ratio for young scoria cones of
0.15 and 0.179, respectively. Our estimates for Herchen-
berg volcano range within these values. Crater width
(W¢,) is obtained from Porter (1972) and Wood (1980a)
using W¢,=0.40- Wc,. Considering the volcano as two
truncated cones, we obtained a total volume of
1.17-10” m? for mean dimensions. We use 43.7% of the
cone volumes as magma volume, an average percentage
that was estimated by Mertes (1983) for W-Eifel scoria
cones. We further assumed 10% of the erupted magma
to have been deposited beyond the volcanic edifice.
This is a conservative estimate when taking the inferred
high volatile content of Herchenberg magma and mod-
erate fragmentation of tephra into account. Head and
Wilson (1989) relate the height of Strombolian eruption
columns directly to the magma gas content. The Her-
chenberg eruption column was thus probably high
compared to those of basanite/tephrite scoria cones of
the E-Eifel. The occurrence of two distal melilite-ne-
phelinitic tuffs in the key Pleistocene section of the
Kirlich clay pit (Bogaard et al. 1989) as well as Miesen-
heim II also indicates that depositional fans from erup-
tions of such magmas may be widespread. A total
magma volume (DRE) of 8.2-10° m*® was obtained in
this way.

Magma volumes of many other E-Eifel basanitic to
tephritic scoria cones are larger by factors of 2-3,
2.8-10'm> for Karmelenberg volcano (Pier 1978),
2.3-10"m? for Rothenberg volcano (Karakuzu 1982),
and 1.7-10"m? for the Southern Eiterkopf volcano
(Prange 1984). The volume of Hercheénberg, however,
exceeds that of most scoria cones of the W-Eifel vol-
canic field (dominantly of nephelitinic to leucitic com-
position), where 90% of the scoria cones have magma
volumes <8-10°m? (Mertes 1983).

Morphology of essential clasts

Essential lapilli were subdivided mainly by morphology
and vesicularity/porosity. The mean bulk rock density
was determined for 50 clasts of each type using hydro-
static balance methods (Fig. 16). The particles were
covered with a rubber-latex skin to seal the pores.
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Fig. 16. Histograms showing relative
frequency distributions of bulk
densities of vesicular (A), intermediate
density (B), and dense (C) lapilli in the
—2@ fraction of Herchenberg tephra.
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A) Vesicular lapilli. Mean bulk rock density, 1.5 g/cm?;
calculated mean porosity (for an assumed solid rock
density of 2.9 g/cm?), 46 vol% (range of 32-58 vol%).
Many vesicles (up to several millimeters in diameter)
are visible at the surface of the clasts, giving them a
rough appearance. The lapilli are very angular to angu-
lar (Fig. 16), some are elongated.

B) Intermediate density lapilli. Mean bulk rock density,
1.95 g/cm?; mean porosity, 32.8 vol.% (range of 20-46
vol%). The size and abundance of vesicles at the surface
is much smaller than for clasts of type A. Few larger
vesicles are restricted to the core of the clasts. The sur-
face is less rough. Roundness is subangular to sub-
rounded (Fig. 16).

C) Dense lapilli. Mean bulk rock density, 2.35 g/cm?;
mean porosity, 18.6 vol% (range of 9-32 vol%). Vesicles
> 0.5 mm are generally absent at the surface, roundness
is subrounded to rounded (Fig. 16).

Ellipsoidal lapilli

Ellipsoidal lapilli are of type C and appear throughout
the Herchenberg deposits, but are dominant compo-
nents in the upper part of cone 1 and in cones 2 and 3.
We obtained geometric parameters and bulk rock den-
sity from 50 ellipsoidal lapilli each of cone 1 and 2 de-

specimens are shown in the right

0 15 20 mm column
134-2 134-5 134-17 13421
134-28 134-33 134—37 134—~49 134-50
(D@ =@
132—-4 132-8 132-10
132-19 132-14 132-20

Q 5 cm

Fig. 17. Cross sections of representative, mostly smoothly con-
toured ellipsoidal lapilli (dense lapilli of type C). Shaded areas
indicate vesicular portions, which are mostly restricted to the in-
teriors. Samples 135-** taken from upper cone 1 (UC1), and sam-
ples 132-** from cone 2 (C2)
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Fig. 18. Diagram of median diameter (Mdy) vs Inman sorting
(o®) of Herchenberg tephra deposits. IPD, initial phreatomag-
matic deposits; MPD, massive phreatomagmatic deposits of lower
cone 1 (LC1); CB, cone-building stages; TL, top layers. Shaded
field for basanite-tephrite Rothenberg cone-building Strombolian
deposits after Houghton and Schmincke (1989). Field for cone-
building Strombolian phases designated by broken line after
Walker and Croasdale (1972)

posits. Aspect ratios range from 0.5 to 0.9, averaging
around 0.68 in cone 1 and 0.74 in cone 2. Common to
all ellipsoidal lapilli is a low porosity reflected in high
bulk rock densities with an average of 2.18 g/cm’ (ca.
24 vol% vesicles) in cone 1 and 2.56 g/cm’ (ca. 11 vol%
vesicles) in cone 2. Vesicular portions are normally re-
stricted to the central portions of the lapilli (Fig. 17,
e.g., 134-2, 134-17) in the case of cone 1. Their internal
structure shows abundant evidence of fluid motion
within the lapilli during eruption (Bednarz and
Schmincke, in prep).

Grain size distribution

Herchenberg tephra differs from other, mostly basa-
nitic to tephritic E-Eifel scoria cones due to its re-
stricted grain size (lapilli range) and good sorting (Fig.
18). Twenty-five samples collected at locations 20-
100 m outside the crater walls have Md, values be-
tween —1.9 and —2.7 @ (mean, —2.35 @; std dev.,
0.23). Inman sorting ¢, ranges from 1.0 to 1.6 (mean
1.25; std dev., 0.18). We tried to take into account the
common reversely graded bedding by channel sam-
pling. Poorly sorted tuffs of phreatomagmatic origin in
the initial deposits have Mdg values as high as 4.5 @
and o, values up to 2.9. This very fine grain size is
thought to be mainly due to the high content of non-
juvenile Tertiary clay and silt material (estimated to be
> 80%) deriving from the underlying strata of the volca-
no, rather than due to efficient fragmentation of juve-
nile material by thermal shock.

Another “extreme” grain size distribution is found
in a sample of the late tephra with a Mdy of —0.8 @
and a good sorting coefficient o of 0.7.

Eruptive mechanisms

The Herchenberg eruptive history is summarized as fol-
lows (Fig. 6):

I) Initial stage. Mainly phreatomagmatic, poorly sorted
massive tuffs and tuff breccias (channel facies); lapilli-
size components are dominantly vesicular; formation
of a maar-like crater; major crater wall collapse at the
end of the initial stage leads to tectonic repetition of
strata. Strombolian eruptions dominate the eastern
parts of the volcano.

II) Rhythmic depositional cycle stage of lower cone 1
(mainly northwestern sector) grading into massive phre-
atomagmatic facies (northeastern and southern sectors).
A depositional cycle of 2-3 characteristic bed types rep-
resents the rim facies of lower cone 1.

III} Main cone-building stage (upper cone 1, cone 2, cone
3). Mostly reversely graded layers, rich in dense ellip-
soidal juvenile clasts. Increase of basal cone diameters
by slumping; intrusion of 3 major dikes.

1V) Final stage (top layers). Phreatomagmatic eruptions
generating accretionary lapilli layers, poorly sorted
tuffs; scoriaceous lapilli at the end.

I) Initial phreatomagmatic eruptions of scoria cone vol-
canoes are common in the E and W Eifel volcanic
fields (summaries in Schmincke 1977a, 1991; Mertes
1983), but have not commonly been described from
other monogenetic volcano fields. We feel that the deep
level of extensive quarrying in many of the E and W
Eifel volcanoes simply give us a better insight into the
entire evolution of a scoria cone. We suspect that initial
phreatomagmatic phases are common because most
basaltic dikes will cross a water table. The degree and
style of interaction, however, will strongly depend on
the local pre-eruptive geology, hydrology, and topogra-
phy as well as on physical parameters (e.g., viscosity),
gas content, and ascent velocity of the magma. The
abundance of near surface Tertiary sediments, loess,
soils, and tephra layers in the E-Eifel, which act as
aquifers, may be equally important for the frequent oc-
currence of initial phreatomagmatic eruptions.

The abundant xenoliths (> 80% by volume in single
layers) of the initial deposits were derived almost en-
tirely from the unconsolidated Tertiary clays, silts,
sands, and gravels. Initial interaction of water and
magma thus did not take place until the magma had
reached the Tertiary-Devonian boundary about 20-
25 m below the surface, an interpretation supported by
the vesicular nature of the lapilli in the phreatomag-
matic deposits and in intercalated strombolian -lapilli
layers. Near surface interaction between a mixture of
vesicular lava blebs and expanding magmatic gas with
water from the sediments led to violent phreatomag-
matic eruptions because of the great volume difference
between water and steam at low lithostatic pressures.

Early homogeneous Strombolian fallout deposits
occur mainly in the southern and southeastern parts of
the volcano. This indicates that beginning with the
early stages of the eruptive activity, high level magma/
water interaction was restricted to the northwestern
parts of the volcano.



II) The most characteristic feature of the lower part of
the northwestern sector of cone 1 is the cyclic deposi-
tion of tephra bed types a and b. Rare, though signifi-
cant accretion structures against obstacles (Fig. 8) indi-
cate that material (mostly bed types a) during this stage
was repeatedly transported laterally from the crater by
surges. The small size of some obstacles (< 10 cm; Fig.
8) is clear evidence for low energy (and probably high
dilution) of these surges, at least in the unchannelled
rim facies. This contrasts with frequent erosion of the
crater wall crest (Fig. 7). This may result from (a) base
surges which were erosive at their heads and deposi-
tional in their body and tail or (b) from lateral blasts
preceeding the actual base surge. Alternatively, the
outer slopes of LC1 may have been situated in the flow
shadow region with the lower energy of the base surges
as on the crater wall crest.

A radial facies change of type-a beds can be ob-
served in a morphologic depression in the northeast
and south (Fig. 4) toward a massive facies. This indi-
cates that the surges were channelled and that the pre-
ferred direction of transport was northeastward and
southward. Large xenolith blocks (up to 1 m) are con-
centrated in the massive facies and indicate high kinetic
energy. The intercalated lapilli beds do not form dis-
tinct layers in the massive, proximal facies but separate
irregular lenses indicating erosion and synsedimentary
creep of this water-rich deposit. The outcrops of initial
deposits at the southern side of the volcano I belong to
a similar massive facies. A general topographic low in
the southern part of Herchenberg (Figs. 2, 4) suggests a
preferred southward transport of surges.

The eruptive cycle (simplified as surge - dense ia-
pilli ~ scoriaceous lapilli) can be explained by iterative
slumping of the unstable Cenozoic sediments into the
crater area thus choking the conduit and simuita-
neously enabling repeated introduction of water di-
rectly into the magma-filled fissure. The eruptive se-
quence started with a shock wave eroding the crater
wall. It was directly followed by a xenolith-rich base
surge which transported the bulk of the material
through preexisting channels (topographic lows or
notches in the crater wall). We relate this sequence to
varying lava levels in the conduit, permitting reflux of
water toward the conduit in the Tertiary basement at
low lava levels leading to phreatomagmatic eruptions
when the lava level subsequently rose above the
groundwater table leading to intimate water-magma
contact and superheating of the water in a closed sys-
tem. Devonian xenolith contents of up to about 10 wt%
indicate that water-magma interaction (at least occa-
sionally) also took place below the Tertiary-Devonian
boundary. The beginning of a continuous Strombolian
eruption generating fallout of more vesicular lapilli de-
posited on the top of each cycle is often marked by a
population of relatively dense lapilli. Some lapilli de-
posited inside the crater wall were still hot enough to
weld.

Partial crater collapse at the end of the initial stages
and effective choking of the conduit led to the deposi-
tion of two prominent layers especially rich in large xe-
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Fig. 19. Diagram showing relative proportion of total Herchen-
berg magma (assumed to be 2.4-10' kg) which could have had
erupted at different water/magma mass ratios assuming that the
total available water mass was (a) 70000 kg, (b) 150000 kg, or (c)
300000 kg. Boundaries for Strombolian, Vulcanian (surge thin
bed), and Vulcanian (massive beds) after Wohletz (1983)

noliths, each followed by a characteristic layer of
highly scoriaceous lapilli indicating re-opening of the
vent and continuous Strombolian activity.

The primary external water source for phreatomag-

matic eruptions during the early stages of the Herchen-
berg evolution was a 20-m-thick deposit of underlying
Tertiary clays and sands (Ahrens 1929). Assuming 200~
400 1 of water per m® in the Tertiary sediments (natural
water contents of unconsolidated sediments after Ter-
zaghi and Peck 1967) there was up to 0.7-10°m’ to
1.4-10° m® water available in the crater area of cone 1.
Experiments by Wohletz (1980, 1983) showed that dep-
osition of massive tuff beds by phreatomagmatic erup-
tions requires minimum water/magma mass ratios of
approximately 2. Assuming even twice this maximum
water volume, less than 1 wt% of the total Herchenberg
magma mass could have erupted to produce massive
tuff beds (Fig. 19). This is in accordance with their low
overall abundance.
111) The main Strombolian cone-building stages of Her-
chenberg volcano (upper cone 1, cone 2, cone 3) are
characterized by a significant decrease in vesicular la-
pilli content during their evolution. Simultaneously the
relative abundance of dense spheroidal lapilli, which
themselves become denser from cone 1 to cone 2, con-
tinuously increases. The general paucity of xenoliths
(< 1%) is also striking even in the early deposits of the
later cones 2 and 3. Individual marker beds (10-30-cm-
thick tuff, tuffaceous lapilli, and accretionary lapilli
layers) contain almost exclusively Devonian xenoliths
(up to 30 wt%).

At the end of LC1 formation, the conduit system in
the Tertiary sediments extending into the Devonian
basement was well-established and stable while the lava
level and the level of lava disruption had sunk. Occa-
sional phreatomagmatic pulses during formation of
UCT are indicated by Tertiary xenolith-rich layers in
the southern sector. During this period, the northern
crater wall of cone 1 was about 20-30 m higher than the
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southern crater wall. The lack of Tertiary clasts in the
northern sector of UC1 may thus indicate their ejection
on very low angle trajectories, which did not clear the
northern crater wall.

Temporarily higher local temperatures and accumu-
lation rates during eruption of cone 2 deposits, which
led to the formation of a small rootless spatter flow,
may be related to lower gas contents in the lower parts
of the Herchenberg magma column (cf. Head and Wil-
son 1989). This is paralleled by the increasing abun-
dance of high density ellipsoidal lapilli in cones 2 and 3
(Figs. 9, 14).

This contrasts with a relatively low depositional
temperature of near-vent tephra during most of the
eruptive history of Herchenberg volcano. We believe
that the reason for this probably lies in small grain sizes
even in these near-vent deposits which cool much more
rapidly than large spatter because the effective surface
area of particles increases exponentially with decreas-
ing particle diameter (Fig. 20). We assume that Strom-
bolian eruption columns during the activity of Her-
chenberg volcano were high compared to those of bas-
anite-tephrite cones due to high inferred volatile con-
tents (especially CO,) of Herchenberg magmas while
mass eruption rates of magma were low. Substantial
cooling of the erupting particles by external water
(steam) may have been an additional important factor
in the core area of cone 1 where eruptions were re-
peatedly modified by external water.

Occasional choking of the vent below the Tertiary-
Devonian boundary facilitated admixing of deeper
level water and thus led to the deposition of phreato-
magmatic marker beds characterized by abundant De-
vonian xenoliths and dense angular juvenile clasts. The
high water content of these breccia tuffs is indicated by
plastic deformation upon bomb impact. Also character-

istic is the subsequent deposition of “unusual” scoria-
ceous lapilli layers rich in vesicular type-A lapilli.

The paucity of country rock clasts in the early de-
posits of cones 2 and 3 is striking, though the “cores” of
both are deeply exposed, which is most likely due to
either of two causes:

1) The eruptive center of the initial eruptions of the
Herchenberg volcano was a NW-SE-trending fissure.
The conduit for cones 2 and 3 was cleared in the very
early stages of the eruption. This model is partly sup-
ported by the occurrence of strong crater collapse tec-
tonics in the initial deposits (Ia) about 300 m away
from the actual eruptive center of cone 1. After devel-
opment of an initial fissure about 500 m long, eruptive
activity would have extended to the northwest and later
migrated to the southeast, where the crater area had
already been cleared of the Tertiary basement.

2) The spatial distribution of preserved Tertiary sedi-
ments is related to a local graben-like tectonic structure
whose boundaries are unknown. If one of these boun-
daries would have intersected the fissure, the southeas-
tern center may well have been located outside this
small basin. This would most easily explain the lack of
phreatomagmatic deposits and Tertiary xenoliths in
cones 2 and 3.

IV) Late-stage phreatomagmatic eruptions from a low
lava level in the Devonian basement may have been fa-
cilitated when longer pauses between eruptive intervals
and deeper lava levels enabled groundwater to recharge
and migrate to the conduit.

Terminal scoriaceous lapilli layers, some forming
widespread regional marker beds, are common in E-Ei-
fel scoria cones (Schmincke 1991). We believe that the
top layers originated from within the Herchenberg vol-
canic structure because (a) there is no indication for a
long depositional hiatus and (b) the layers are chemi-
cally and mineralogically identical to the rest of the
Herchenberg. The exact location of the eruptive center
(cone 1 or 2-3) is unknown. The maximum thickness of
top layers is, however, exposed on the flanks of cone 1.
It is thus likely that they originated from the northwes-
tern part of Herchenberg volcano.

Conclusions

Scoria cones are produced by a large variety of Ha-
waiian or Strombolian eruptions (e.g., Macdonald
1972; Thorarinsson et al. 1973; Self et al. 1974; Black-
burn et al. 1976; Williams and McBirney 1979; Fedotov
et al. 1980; Fisher and Schmincke 1984). The style of
basaltic eruption is controlled by internal parameters
such as chemical composition, volatile contents, and
eruptive rates of magma and external factors such as
local and regional stress regimes, the density structure
of the crust, and the scale and influence of external
water (e.g., Chouet et al. 1974; Lorenz 1975; Schmincke
1977a; Nakamura 1981; Wilson and Head 1981; Koke-
laar 1983; Wohletz 1983; Vergniolle and Jaupart 1986;
Head and Wilson 1989). Substantial variations in the
grain size characteristics, morphology, and vesicularity



of juvenile clasts and abundance of country rock frag-
ments in tephra deposits of E-Eifel scoria cones have
been mainly attributed to the varying degrees and dif-
ferent modes of interaction between magma and me-
teoric water (Schmincke 1977a; Houghton and
Schmincke 1986, 1989). Extremely high eruption rates
and lava flow volumes of the Ettringer Bellberg vol-
cano in the Eifel have been related to a long eruptive
fissure following a regional fault of Cenozoic age
(Sobczak 1987; Schmincke 1991).

We find the variable chemical compositions, vola-

tile contents, and related physical properties of mafic to
intermediate E-Eifel magmas to be equally important
parameters controlling eruptive styles, structures of
scoria cones, and characteristics of tephra deposits. We
thus distinguish two end member:
a) Scoria cones, like Herchenberg and the nearby Lei-
lenkopf (Bednarz 1982), constructed from highly silica-
undersaturated magmas (nephelinites and leucitites)
which have not been drastically fractionated in mid- or
upper-crustal magma chambers (Table 1). This type of
volcano is characterized by relatively high degrees of
magma fragmentation resulting in the dominance of la-
pilli layers over breccia deposits even in the near-vent
facies. Intense welding of the cores of eruptive centers
is restricted to a relative small area about 50-100 m in
diameter in the Herchenberg area and 80-100 m in the
Leilenkopf area. We interprete these two phenomena to
result from a high ratio of gas volume flux to magma
flux during eruption of Herchenberg and Leilenkopf
volcanoes, which is for instance dependant on the pri-
mary volatile concentration of the magma and the
abundance of different volatile species. For Herchen-
berg magmas, we infer high proportions of CO, (<4
wt%; Bednarz and Schmincke, in prep) whose solubility
even in alkalic, silica-undersaturated magmas is very
low and strongly pressure dependant. High CO, con-
centrations, which are confirmed by the occurrence of
carbonatite segregations at Herchenberg (Bednarz and
Schmincke, in prep), will lead to early, deep bubble for-
mation while the low viscosity of the magma facilitates
bubble coalescence. This may create large bubbles
which rise faster through the crust than their “host”
magmas resulting in a very inhomogeneous bubble size
distribution (“bubbly slug flow”) and a high ratio of gas
volume to magma volume in the eruption (Vergniolle
and Jaupart 1986).

The low viscosity of alkali-rich, silica-undersatura-
ted magmas (average of 70 poise at 1100° C for E- and
W-Eifel after Bednarz and Schmincke, in prep) further
decreases the diameter of stable liquid “drops” during
the eruption when these are subject to external forces,
e.g. acceleration. Higher viscosities may delay the result-
ing deformation until the relative air velocity drops be-
low a critical value or until ongoing cooling and poly-
merization of the melt stabilize the lava drops (lapilli;
Bednarz and Schmincke, in prep).

b) Most good exposures of mafic volcanoes in the E-
Eifel are found in basanitic to tephritic scoria cones.
Lower degrees of magma fragmentation than in type-a
scoria cones is evident from the abundance of breccia
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Table 1. Selected XRF analyses of Herchenberg melilite-nephe-
linitic lavas. Analyses of Rothenberg tephrite (S387) and basanite
(R09; from Karakuzu 1982) are included for comparison. Oxides
as weight percent, trace elements as ppm

Herchenberg Rothenberg

Sample 125 120 5387 RO9
Si0, 38.50 39.80 44.30 43.70
TiO, 2.87 3.19 2.76 2.83
AL O; 13.00 13.80 15.80 13.00
Fe,0, 8.43 10.30 5.05 6.68
FeO 1.99 1.36 6.01 3.83
MnO 0.20 0.21 0.24 0.18
MgO 7.89 8.99 5.31 9.12
CaO 13.50 14.20 10.70 11.70
Na,O 2.73 3.62 3.80 2.97
K,0 1.77 3.57 3.84 332
P,0;s 0.73 0.69 0.86 0.56
H,0 4.53 0.36 0.59 0.30
CO, 291 0.04 0.11 0.12
Total 99.17 99.87 99.80 98.61
S 0.09 0.02 0.07 0.02
Cl 0.03 0.02 0.04 0.01
Cr 131 158 44 236
Co 52 56 46 64
Ni 74 94 32 122
Cu 61 87 57 77
Zn 77 85 97 82
Rb 165 79 90 86

Sr 959 1244 1229 878

Y 12 32 31 22
Zr 259 259 359 275
Nb 127 132 115 78
Ba 1015 1347 999 1084

deposits and scarcity of lapilli layers (Fig. 18). Lower
eruptive columns and lower gas volume/magma vo-
lume ratios due to lower primary volatile concentra-
tions and lower relative rise velocities of magma and
bubbles result in wide agglutinated crater areas in
which strong welding has diameters of up to 250 m
(e.g., Rothenberg, Sattelberg, Karmelenberg). Higher
magma viscosities (average of 230 poise at 1100°C for
E-Eifel basanites after Bednarz and Schmincke, in
prep) delay post-eruptive deformation of liquid par-
ticles thus increasing their stable diameters.
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