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A pollen diagram was prepared from Lake Almalou, a volcanic crater wetland located on the eastern flanks
of the Sahand Volcanic Complex in NW Iran. The core provides a 3700-year record of human activity and
environmental change in an upland region. We attempt to relate vegetation changes to both climatic change
and historical events. Variations of anthropogenic pollen indicators suggest several phases of intensified
human activities. Two strongly expressed agricultural phases are dated at about 2450–2220 cal BP
(Achaemenid Empire) and 230–30 cal BP (collapse of Safavid Dynasty to the modern period). Historical
rather than climatic events appear to be the main controlling factors for upland land-use dynamics. Fru-
ticulture has been practiced in the region at least since the Iron Age, reaching its maximum importance
1500–1250 cal BP during the reign of Sassanid Empire; it declined by the time of Islamic conquest of Iran
(651 AD). The Little Ice Age is tangibly recorded by higher lake water levels most probably due to both lower
summer temperatures and higher annual precipitations. Low values of cereal-type and cultivated tree
pollen during this period may indicate a change in the lifestyle from the cultivation of fields and orchards to
a more nomadic life dominated by summer pasture. The modern period (1850 AD onwards) is characterized
by expansion of agricultural activities to upland areas and intensified pastoralism.
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East. However, almost all of the available Near Eastern pollen
diagrams are from lakes located at elevations lower than
1500 m a.s.l. (e.g. data in Roberts and Wright, 1993). These can
provide direct evidence for agro-pastoral activities only from mid-
altitudes and lowland regions, areas which have always been
submitted to relatively dense human occupation and more inten-
sive land-use than the upland regions of the Iranian Plateau. The
Almalou core provides a late Holocene record of mountain vege-
tation of eastern foothills of the Sahand Mountain.

The Almalou bog is a high altitude site (2500 m a.s.l.) situated
above the Zagros oak tree line in a fertile land heavily cultivated
with cereals in northwestern Iran which has undergone a very long
history of human-environment interactions (Zohary, 1983).
Historically, the area has been a border zone between the civiliza-
tions of the Iranian Plateau, Asia Minor, the Caucasus, and
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Mesopotamia. The Almalou late Holocene pollen record may thus
provide an exceptional opportunity to study the human activities in
an upland area in the Near East. The aims of this paper can be
summarized as:

1. Reconstructing the local and regional vegetation change of the
Lake Almalou region (Sahand Mountain) during the late
Holocene (past 3700 years),

2. Detecting the phases of intensified human activities in the form
of agro-pastoral activities and fruticulture,

3. Comparing the vegetation and environmental changes
(including climate change) with socio-economic phases and
historical events.
2. Physical setting

2.1. Geology and landscape

The study area (Fig. 1) is located in the Sahand Volcanic
Mountain located in northwestern Iran, east of Lake Urumiyeh
(Urmia), with peaks at elevation of 3707 m a.s.l. In summer, snow
remains on the northern side of the mountains year-round, but
disappears on the southern slope by early August. Preliminary
random K–Ar dates, with unknown errors and unidentified
sampling locations, range from 13 to 0.8 Ma (Innocenti et al., 1982).
These authors in their Fig. 2 schematically show (i) 1.2–0.8 Ma calc-
alkaline volcanic rocks in central Sahand, encircled by (ii) 7.8 Ma
volcanics in the north and northeast, and (iii) 13–5.5 Ma rocks in
the south. However, geomorphologically, the complete shape of the
numerous volcanic cones and craters indicates that the volcano
might also have had eruptions during the Holocene (Bordet et al.,
1976; Berberian and Arshadi, 1977; Berberian and King, 1981). Lake
Almalou (37�3905500N, 46�3705500E, 2491 m a.s.l) is a crater wetland
complex formed on the top of one of these volcanic cones of Plio-
Pleistocene age on the eastern flanks of the Sahand Mountain
(Fig. 1). The lake is fed exclusively by direct precipitation, mainly as
winter snowfall and spring rainfall. The lake level is high during the
winter months and starts declining from the middle of spring,
reaching its lowest level in September–October. When the lake
level is lowest, only a small and very deep central pond remains,
bordered by the exposed peat deposit. The presence of a small near-
perennial spring in the village of Almalou situated at the SE foothills
of the volcano suggests there may be a slow discharge of the lake
water via a fracture system in the crater bedrock.

2.2. Climate

Data from the nearest meteorological station in Mar�agheh
(1477 m a.s.l.) (Fig. 1) shows that the climate of the study area is
Mediterranean xeric-continental (Rivas-Martinez et al., 1997).
Mean annual precipitation is 327 mm with two peaks occurring in
April and November. Mean annual temperature is 12.5 �C and the
mean minimum and maximum temperatures of the coldest and
warmest months of the year are�3.7 �C (January) and 26.1 �C (July)
respectively. The dry season lasts for 5 months from May to
October. As Lake Almalou is located 1000 m higher than the
Mar�agheh station (Fig. 1), it is expected that annual precipitation
must be considerably higher and annual and seasonal temperatures
must be lower than the values given above.

2.3. Vegetation

In the Almalou peat, Cyperaceae (Carex spp.), Poaceae and
mosses dominate the less water-logged areas and together
constitute the most important peat-forming plants. Potentilla sp.
grows in the open-water around the central pond and Potamogeton
sp. forms the floating vegetation. Polygonum cf. aviculare colonizes
the eulittoral zone of the lake and is rather restricted to the most
disturbed parts which have undergone intensive grazing. At present,
the intra-crater slopes and the outer flanks of the volcano are under
dry-farmed cereal cultivation by farmers settled at small villages at
the foot of the volcano and surrounding areas. Overgrazed unculti-
vated pasture and arable land is characterized by the dominance of
Chondrilla sp., Euphorbia sp., Malva sp., Taraxacum sp., Xeranthemum
sp., and Verbascum sp., some of which are antipastoral herbs (Zohary,
1983). Astragalus spp., Centaurea spp., Cousinia spp., Eryngium sp.,
Gypsophila sp., Scabiosa sp., Trifolium sp., Hypericum sp., Artemisia
and Poaceae are among the other most important constituents of the
treeless vegetation around the lake. It is worth mentioning that in
the Turkish language, Lake Almalou signifies the ‘‘Lake of Apple’’
which may indicate that extensive fruit tree cultivation, including
apple orchards, occurred in the area in the past. Nowadays, the
closest fruit trees grow at an elevation of 2150 m near the lake.

2.4. Archaeological and historical context

The Almalou region is relatively isolated and unpopulated, and
has been rarely studied by archaeologists. The broader surrounding
region, Azarbaijan (Azerbaijan) province of northwestern Iran, has
a long history of human occupation, and provides an historical
context for the discussion of the pollen core to follow. The oldest
traces of human settlement in the region date to the Paleolithic, and
include two cave sites north and west of Lake Urumiyeh (Coon,
1951) and three caves and seven open-air sites discovered on the
Sahand Mountain south of Tabriz, east of the Lake (Sadek-Kooros,
1976). The closest Neolithic sites lie in the plains west and south of
Lake Urumiyeh. Yanik Tapeh, located in the northwestern foothills
of Sahand Mountain, about 100 km NW of Lake Almalou (53 km SW
of the city of Tabriz on the eastern shore of Lake Urumiyeh), dates as
early as 6000 BC, continuing to the 1st millennium BC (Burney,
1961, 1962, 1964; Burney and Lang, 1972; Edwards, 1986; Ehrich,
1992). Hajji Firuz lies south of Lake Urumiyeh, about 130 km SW of
Lake Almalou. Plant remains from the site show that wheat and
barley were cultivated as early as the 6th millennium BC (Voigt,
1983). Residues on ceramic jars from the site also yielded the
earliest evidence for grape wine (McGovern et al.,1996), though it is
not clear whether the grapes used were from wild or cultivated
plants (Miller, in press).

Archaeological evidence relates sociocultural developments in
Azarbaijan to the larger West Asian world in subsequent millennia.
Material culture of the Chalcolithic (5th millennium BC) site of
Pisdeli can be related to the ‘‘Ubaid of Mesopotamia’’ (Dyson and
Young, 1960). The region near Lake Almalou lies with the archae-
ologically defined Bronze Age Kura Araxes and Trialeti cultures of
the third and second millennia BC; culturally, the region is at the
crossroads of Mesopotamia, Anatolia, the Caucasus, and the Zagros.
By the latter half of the 2nd millennium BC, cereal and pulse
cultivation, irrigation agriculture, and fruit-growing were all
known in northwestern Iran (Miller, 2003). Cycles of land-use
emphasizing farming and herding, sedentarism and nomadism that
characterize the later periods, had already begun.

The Iron Age saw a succession of competing kingdoms in the
region: Urartu, Assyria, Mannea, and Media. From 840 BC to the end
of the 7th century BC, the Kingdom of Mannea/Mannai ruled the
area southeast of Lake Urumiyeh, surrounded by three major
powers: Assyria to the southwest, Urartu [Ararat] to the west and
northwest, and Media [M�ada, Medes] to the south. On a number of
occasions the Assyrians and their northern rivals the Urartians
invaded the lands in the west and the south of Lake Urumiyeh. The



Fig. 1. A. Map of the Near East showing the study site and other features which are referred to in the text. B. Details of the inset in A. C. Panoramic view of the Almalou bog. Highest
peaks of Sahand Mountain (w3700 m) are observed in the background. Al3 indicates the location of the studied core.
main occupation of Hasanlu, located to the SW of Sahand near the
southern shore of Lake Urumiyeh, dates to this period. First occu-
pied in the Bronze Age, it had become a major fortified site, yet is
thought to have been a center ‘‘for a largely transhumant tribal
population living in the surrounding valley and uplands’’ (Danti,
2006–2008). It was attacked and burned around 800 BC. The
habitation on the site ceased for a long time afterwards, and
the surrounding country was sacked and ravaged. From 800 BC to
the mid-seventh century BC, the Urartians held the districts
southwest, west, northwest, and northeast of Lake Urumiyeh,



Fig. 2. Age-depth model of core AL3 from Lake Almalou. The dark and light grey bands characterize the 2s and 1s ranges, respectively. For each depth, the calibrated ages (cal BP)
corresponding to the highest peaks of probability curves display the most probable ages.
where more than hundred Urartian forts, sites, and inscriptions
have been identified (Kleiss, 1973a,b, 1974, 1977; Kleiss and Kroll,
1979). At the Urartian fortress of Bastam, about 250 km NW of L.
Almalou, grape, almond, apricot, and lime (Tilia) fruits were found,
along with cereals, pulses, millets, and sesame (Hopf and Willerd-
ing, 1988). With the rise of the Medes in the 7th century BC, the
Mannaeans lost their identity and were subsumed under the term
Medes (König, 1934; Medvdskaya, 1988; Melikishvili, 1949;
Minorsky, 1957).

Some time in the second half of the 6th century BC, Azarbaijan
was annexed to the vast Achaemenid Empire. The few Achaemenid
remains in this province include graves and houses at Takht-e Sol-
aym�an and other burial sites (Huff, 1969–74, 1977, 1978; Naumann
and Naumann, 1976) and at Qaleh Zah�ak, above the railroad tunnel
between Miy�aneh and Mar�agheh, 15 km south of Sareskand (Kleiss,
1973b). Achaemenid administration in much of the empire oversaw
agricultural development (see, for example, Sumner, 1986).

During 331 BC–330 BC, the Achaemenid Empire collapsed with
the invasion of Alexander III of Macedonia. Iranian resources, lives,
property, institutions, and infrastructure were devastated. No
progress was made under Alexander’s successors, the Seleucids
(312 BC–250 BC) (Yarshater, 1983a,b). Later, Azarbaijan became
a separate administrative region under the Parthians (250 BC–
224 AD). Over the next few centuries, the Sassanian Empire ruled
much of Iran. Despite some ups and downs in the economy
(Yarshater, 1983a,b; Gyselen, 1989a,b), overall the Sassanianians
invested in irrigation infrastructure which enabled highly
productive agriculture (cereals, pulses, forage, fruits and vegeta-
bles) (Adams, 1981; Wenke, 1975–6; Rahimi-Laridjani, 1988).

Azarbaijan, with the rest of Iran, fell to the Arab Muslims during
the mid-seventh century AD invasion. Once again, the economic
prosperity, resources and infrastructure were devastated and
agricultural activities and living conditions dramatically deterio-
rated. The oppressive rule of the Arab Caliphates during the first
few centuries of Arab control gave rise to a number of Iranian
rebellions. Azarbaijan’s history in the first four centuries of the
Islamic period is to a large extent obscure. There are no archeo-
logical remains in the plain north of the Sahand Mountain, and the
earliest date of establishment of the city of Tabriz given in a literary
source is 791 AD (Mostaufi, 1340).

For most of the 11th–19th centuries AD, a succession of Central
Asian Turk tribes ruled Azarbaijan. In 1222 AD and 1231 AD, the
Mongols sacked Mar�agheh in Azarbaijan. Tabriz became the capital
of the Il-khans in the 13th century and of the Qara Qoyunl�u and �Aq
Qoyunl�u Turkmen dynasties in the 15th century. Between 1381 AD
and 1405 AD Turk Tamerlane destroyed more cities and lands and
slaughtered additional people (Boyle, 1968). Recurring destruction,
massacre, confiscation, and plundering the wealth, arable lands,
and irrigation networks impeded economic development for
centuries. The relatively long period of stability under the Safavids
(1491 AD–1736 AD) resulted in prosperity, construction and the
development of much of Iran (Bosworth, 1989), but Azarbaijan was
on several occasions invaded and occupied by Ottoman Turks
(Birken, 1976; Jackson and Lockhart, 1986; Bosworth, 1989).



3. Materials and methods

A 470-cm core (AL3) was taken from the marginal parts of the
Almalou peat bog using a Russian-type borer in September 2006
when the lake water was lowest. The basal part of the core is
composed of gyttja (470–460 cm) which changes into a fibrous peat
up to the surface except for a 2 cm-thick sand layer found at about
295 cm (Fig. 2). Chronology is based on 8 AMS radiocarbon ages
performed at Poznań Radiocarbon Laboratory (Table 1). All 14C ages
were calibrated by Calib 5.0.2 (Stuiver et al., 1998) and are reported
in Table 1. The age-depth model was created by plotting the
distribution probability density curves for each dated level on age-
depth diagram (Fig. 2). For any given depth, the ages corresponding
to the highest peaks are the most probable real ages. A calibrated
chronological scale (cal BP) was then constructed for the Almalou
record based on the above age-depth model by interpolating
calculated mean age values with 2s error ranges (Figs. 3–5).

Pollen extraction followed Moore et al. (1991). Lycopodium
tablets were added to the samples to calculate the pollen concen-
trations (Stockmarr, 1971). Pollen determinations were performed
by using the IMEP pollen reference slides collection and pollen
atlases of Reille (1992, 1995, 1998), Beug (2004) and pollen
morphological descriptions by Van Zeist and Bottema (1977).
Calculation of pollen percentages and concentrations was per-
formed with TILIA and the pollen diagrams (Figs. 3 and 4) were
created in TGView software (Grimm, 2004/2005). Pollen percent-
ages of the aquatic plants including Cyperaceae were excluded from
the total pollen sum. The Cereal-type pollen was also excluded
because of the very high values in some levels which could mask
the importance of other terrestrial plants.

A preliminary chironomid (Insect, Diptera) subfossil analysis
was performed at the bottom of the sequence in order to investi-
gate the main hydrological change which occurred at the gyttja/
peat transition. Thus, two 1 cm-thick sediment samples were pre-
leved at 464–465 and 374–375 cm. The laboratory methods for the
extraction of subfossil remains consist of a coupled method, with
successive sediment KOH (10%; 70 �C)-defloculation, water-
washing over a 100 mm sieve (Hofmann, 1986) and paraffin flota-
tion (Coope, 1986).

4. Results and interpretation

Simplified percentage and concentration pollen diagrams of Lake
Almalou core AL3 are shown in Figs. 3 and 4. Pollen zonation is based
on stratigraphically constrained cluster analysis performed in Coniss
(Grimm, 1987, 2004/2005) with some minor modifications. In
a pollen diagram from a given site, a Local Pollen Assemblage Zone
(LPAZ) is defined as a body of sediment with a consistent and
homogeneous fossil pollen content different from the adjacent zones
(Birks and Birks, 1980). Seven Local Pollen Assemblage Zones (LPAZs)
have been distinguished (Figs. 3 and 4). In general, the pollen of
upland plants like Artemisia and Quercus do not show significant
Table 1
Radiocarbon ages of Lake Almalou core AL3. Calibrated dates are reported as the mean of t
of calibrated ages are illustrated in Fig. 2.

Sample No. Depth (cm) Lab code 14C

AL3-7 24–25 Poz-23327 105
AL3-6 99–100 Poz-23326 8
AL3-5 160–161 Poz-23324 13
AL3-4 239–240 Poz-23323 19
AL3-3 311–312 Poz-23322 22
AL3-2 373–374 Poz-23321 24
AL3-1 459–460 Poz-21117 31
AL3-0 469–470 Poz-23320 34
variations all along the core which indicates no major change in
regional vegetation during the last 3700 years. The detailed descrip-
tion of the pollen zones is described and interpreted as follows.

LPAZ A. This pollen zone is dated between 3750 and 3400 cal BP
(Figs. 2 and 3). Pollen percentage values of the submerged hydro-
phytes like Myriophyllum and Polygonum amphibium and Sparga-
nium/Typha are very high and Polygonum aviculare-type and
Cyperaceae show relatively higher frequencies than in the next
pollen zone. Dominance of submerged aquatic plants combined
with the deposition of gyttja (Fig. 2) suggests that the Almalou bog
system was then a shallow permanent lake with a narrow eulittoral
zone colonized by Typha spp. and/or Sparganium, Polygonum sp.,
Cyperaceae and probably Poaceae. Peat formation may have been
limited to marginal lake environments.

Only twenty chironomid head capsules have been extracted
from the whole sample at 464 cm (Table 2). This is lower than the
minimum of 50 head capsules per samples required to make real-
istic estimates of environmental conditions (Quinlan and Smol,
2001). However, the abundance of Chironomus anthracinus-type
(20%), which is often predominant in profundal zone of deep lakes
(Vallenduuk and Moller Pillot, 2002) is in agreement with the
hypothesis of a dominant open lake environment. C. anthracinus-
type is also a warm-water adapted and eutrophic taxon able to
survive under low-oxygen water conditions. The presence of Lau-
terborniella agrayloides confirms the eutrophic status of the water
(Moller Pillot and Buskens, 1990).

LPAZ B. This pollen zone which corresponds to the period
between 3400 and 2500 cal BP is characterized by Potentilla
micrantha pollen type and the intermittent presence of Botryo-
coccus and Pediastrum. Towards the end of this pollen zone, Arte-
misia pollen reaches relatively high values. Presence of a peak of
Non-Pollen Palynomorph (NPP) types 200 and 201 (Van Geel et al.,
1989) which are associated with decomposition of plant remains on
temporarily desiccating ponds may indicate a longer seasonal
exposure of the peat and/or pond at around 3350 cal BP.

A total of 51 chironomid head capsules have been extracted
from the peaty sample at 374 cm. In spite of the dominance of the
Tanytarsini tribe of a large ecological range, the disappearance of
C. anthracinus-type in favour of more littoral and macrophyte-
inhabiting taxa, such as Dicrotendipes (Hofmann, 1984) or Cor-
ynoneura scutellata-group (Moller Pillot and Buskens, 1990) may
indicate a reduction of the open-water area to the benefit of peat
extension. The abundance of Psectrocladius sordidellus-type
suggests probable acidification of the water by increasing humic
acid inputs (Ilyashuk et al., 2005). This is also consistent with peat-
growth and the natural acidification of the lake. The presence of
Limnophyes, a semi-terrestrial taxon (Wiederholm, 1983), indicates
the emergence of a lakeside marsh that likely developed along the
lake’s edges as water levels receded (Potito et al., 2006).

High values of P. micrantha-type pollen indicates the expansion
of the floating peat layer from the lake margins into the centre of
the crater. The disappearance or decreasing values of submerged
he 2s ranges with highest probability. Detailed probability distribution density curves

age (yr BP) Calibrated age (cal yr BP) Material dated

.84� 0.33 239� 16 Peat
30� 30 737� 51 Peat
40� 30 1270� 36 Peat
60� 50 1927� 115 Peat
85� 30 2326� 25 Peat
50� 30 2452� 93.5 Peat
10� 30 3352� 68 Gyttja
65� 30 3756� 75 Gyttja



Fig. 3. Pollen percentage diagram of Lake Almalou core AL3. Curves filled with grey display �3 exaggeration. Filled circles show values less than 0.5%.

Fig. 4. Pollen concentration diagram of a selection of taxa. Concentrations are in number of pollen grains per cm3.



Fig. 5. Variations of anthropogenic herb and cultivated tree pollen percentages and concentrations compared to historic events and periods. AH (Anthropogenic Herb) denotes the
sum of the pollen grains of anthropogenic herbs and CT (Cultivated Trees) shows those trees planted by man including Juglans, Olea, Vitis, Platanus, and Populus.

Table 2
Subfossil chironomid assemblages from the basal part of the Almalou lake sequence, at the gyttja/peat transition.

Depth (cm) Sediment Volume (cm3) Taxa Abundance (number of
head capsules/relative)

374–375 Peat 28 - Other Tanytarsini tribe
- Psectrocladius sordidellus group
- Paratanytarsus/Tanytarsus
- Micropsectra
- Other Chironomini tribe
- Dicrotendipes
- Glyptotendipes
- Polypedilum
- Chironomus plumosus-type
- Corynoneura scutellata group
- Limnophyes
- Other Diptera (type A)

12 23.5%
11 21.6
9 17.6
2 3.9
3 5.9
2 3.9
1 2.0
1 2.0
1 2.0
5 9.8
2 3.9
2 3.9

464–465 Gyttja 28 - Other Tanytarsini tribe
- Psectrocladius sordidellus group
-Paratanytarsus
- Lauterborniella agrayloides
- Chironomus anthracinus-type
- Microtendipes
- Eukiefferiella

11 55%
1 5
1 5
1 5
4 20
1 5
1 5



hydrophytes also shows that these plants received less sunlight due
to less open-water conditions and centripetal migration of the
floating peat towards the central part of the crater. However, the
sporadic presence of low pollen percentages of these plants
combined with Botryococcus and Pediastrum indicates that the lake
may have experienced a few high stand phases centred at ca 3300,
3100 and 2900 cal BP. At around 3000 cal BP the Olea pollen values
coincide with a small peak of Vitis. Caution should be taken when
interpreting such low values in terms of fruticultural activities as,
e.g., Olea pollen can easily be transported over long distances and
may represent background percentages (Woldring and Bottema,
2001/2002). However, Vitis is an extremely under-represented
taxon in pollen rain and even its lowest values could show the
presence of a close vineyard (Turner and Brown, 2002). This phase
is thus interpreted as a possible development in viticulture at
a regional scale.

LPAZ C. Centripetal development of the floating peat continues
during the deposition of this pollen zone dated between ca. 2500
and ca. 1800 cal BP. Very high values of Cyperaceae pollen which
currently constitutes the most important peat-forming plant of the
Almalou bog system, shows that the site is completely covered by
the sedge peat by 2400 cal BP. A small peak of NPP type 7A (Chae-
tomium sp.) is in accordance with the establishment of this sedge
bog (Van Geel et al., 1989). The concomitant peaks of Potamogeton,
Pediastrum and Botryococcus at 270 cm (ca. 2000 cal BP) show
a temporary period of higher lake water level which may corre-
spond to a short period of slightly increased precipitations and/or
lower annual temperatures.

The lower part of LPAZ C is characterized by the maximum value
of Cerealia-type pollen (35%) throughout the Almalou record (Figs.
3 and 4). Triticum-type pollen which is produced almost certainly
by the genus Triticum accounts for a significant part of this peak
(Beug, 2004). As autogamous cereals such as Hordeum, Triticum and
Avena are extremely under-represented in modern pollen rains (e.g.
Behre, 1981), this peak undoubtedly indicates that cereal (wheat)
cultivation was practiced within and outside the Almalou crater
between 2450 and 2250 cal BP. The direct inwash of the cereal
pollen from the cultivated intra-crater slopes has certainly
increased the pollen concentrations into the peat which is
confirmed by the deposition of a sand layer within the peat (Fig. 2).

LPAZ D. From this pollen zone upwards, the peat completely
choked the crater site and an ecosystem homologous to the present
one became established. LPAZ D (ca. 1800–1450 cal BP) starts with
a sudden decline of Cyperaceae and a high representation of NPP
type 201. These markers could indicate longer episodes of aerial
exposure of peat deposit. Although Artemisia pollen percentages
show relatively higher percentages (Fig. 3), low concentration
values of this taxon (Fig. 4) do not clearly confirm the possibility of
a drought climatic event. Towards the end of this pollen zone, the
curve of fruit tree pollen becomes continuous indicating the
development of the fruticulture at this time.

LPAZ E. The most characteristic feature of this pollen zone is the
dominance of NPP types 7A, 31A and 200 (Van Geel et al., 1989; Van
Geel and Aptroot, 2006). The explosion of the remains of fungi
associated with the decomposition of cellulose type 7A (Van Geel,
1978) and type 200 (Van Geel et al., 1989) most probably shows the
longer episodes of peat exposure. NPP type 31A has already been
reported to be associated with Carex limosa, Meesia triquetra and
Sphagnum by Van Geel et al. (1989). Its occurrence in the Almalou
sequence is contemporaneous with the presence of remains of M.
triquetra (H. Kürschner, personal communication). This event could
show a host-specific relashionship with this moss.

The pollen of fruit trees forms a continuous curve in LPAZ E
except for two falls at about 173–163 cm (1270–1200 cal BP) and
120–112 cm (860–790 cal BP) (Figs. 3 and 4). These two phases also
correspond to the decreased values of cereals and other anthro-
pogenic herbs (Fig. 3).

LPAZ F. In this pollen zone (ca. 600–100 cal BP), NPP types asso-
ciated with the decomposition of plant remains disappear whereas
Botryococcus and Pediastrum reappear. This most probably indicates
shorter exposure times of the peat and therefore higher lake levels.
Such peat/mire surface wetness changes have already been reported
from NW Europe and have been linked to periods of mimimum solar
activities (Mauquoy et al., 2002). The chronology of this pollen zone
coincides with the Little Ice Age (LIA) which occurred at about
1250 AD–1880 AD with a more pronounced phase between 1550 AD
and 1850 AD (Bradley et al., 2003). The LIA high water table could
have been induced by lower evaporation due to the lower summer
temperatures and/or higher annual precipitations. During the LIA,
decreased evaporation and increased precipitation over the huge
Caspian drainage basin in NW Eurasia induced by positive North
Atlantic Oscillation (NAO) index phases have caused the latest
highstand of the Caspian Sea (Kroonenberg et al., 2007). However, it
has been demonstrated that winter precipitations and temperatures
in the Mediterranean region are anti-correlated with the positive
NAO (Luterbacher and Xoplaki, 2003; Nesje and Dahl, 2003; Touchan
et al., 2005). Hence, the high annual precipitations would not have
occurred in NW Iran as the climate of NW Iran is primarily controlled
by wet air masses originated from the westerlies reinforced over the
Mediterranean and Black seas (Stevens et al., 2001) which are anti-
correlated with the positive NAO phases. However, on northern
slopes of the Alborz Mountains, NW Iran, the occurrence of torren-
tial rainfalls has been suggested as the cause of an important
erosional episode during the second half of the 16th century AD
(Ramezani et al., 2008). Reconstruction of May–September summer
precipitation over the Anatolian Plateau and adjacent areas also
shows that wet episodes were more frequent during the LIA
compared to the previous Mediaeval period and the Modern period
(Touchan et al., 2005). Summer temperatures may also have been
lower than today during the LIA. A multi-proxy study proves lower
LIA summer temperatures for western Europe (Guiot et al., 2005). In
dendrochronological data from the southern Alps, summer
temperature curves display lower minima than the average values
during LIA (Serre-Bachet,1994). The particular NPP composition and
the appearance of Pediastrum and Botryococcus in LPAZ F may thus
indicate that the Little Ice Age would have affected the NW Iranian
plateau by lower annual (or summer) temperatures combined to
episodic increases in the annual precipitations.

LPAZ F is also characterized by the reinforcement of human activi-
ties reflected in the Almalou pollen record by increased values of
anthropogenic pollen indicators like Plantago lanceolata-type, Rumex,
Cerealia-type and cultivated trees (Fig. 3). The first traces of Ricinus
communis cultivation also appear in this zone dated at about 400 cal BP.

LPAZ G. This pollen zone covers the last century. The most
characteristic features are the highest amounts of anthropogenic
herbs (e.g. cereals and P. lanceolata-type), cultivated trees and P.
aviculare-type pollen. The latter plant most probably indicates the
intensified stock grazing as this plant currently intensively colo-
nizes the most disturbed areas in marginal lake-peat environments.
The very high values of NPP type 7A and the sudden decline of
Botryococcus and Pediastrum may show the very recent peat
exposure due to drought events. Pollen of cultivated trees partic-
ularly Juglans reach the highest amounts.

5. Discussion

5.1. Pollen indicators of agriculture and pastoralism

Cerealia-type pollen has been used as the most important
indicator of agricultural activities in the prehistoric time (e.g.,



Behre, 1981). In the Near East, this pollen type has a less indicator
value for agriculture because it may also be produced by several
wild grass species, some of which being considered as the likely
ancestors of the modern cultivated cereals (Bottema, 1992, 1995;
Behre, 1990; Van Zeist et al., 1975). However, not only is Lake
Almalou outside the range of most of these species, but by the time
of this pollen sequence, cereal cultivation in the near East was well
established. Despite this difficulty, the Cerealia-type pollen can
sometimes be assigned to certain genera with a high degree of
certainty. In the Almalou record, the morphological features of
many Cerealia-type pollen closely match the Triticum-type which
includes at least Triticum aestivum, T. compactum, and T. spelta
(Beug, 2004). Besides the Cerealia-type pollen as a direct evidence
of agriculture, the sum of the Cerealia-type, P. lanceolata-type,
Rumex acetosa-type, and Centaurea solstitialis-type pollen have
been used in this study to make a synthetic curve to show the agro-
pastoral activities (see e.g., Behre, 1990; Bottema and Woldring,
1984, 1990). P. lanceolata-type can indicate the extensive grazing
and is frequently associated with disturbed areas in ruderal places
and farmlands (Behre, 1981; Bottema and Woldring, 1984). C. sol-
stitialis-type pollen is usually considered as a plant associated with
cereal cultivation in the circum-Mediterranean and Near Eastern
regions (Andrieu-Ponel et al., 2000; Bottema and Woldring, 1990).
It has been reported in the recently ploughed cereal fields of several
sites situated in the Anatolian Plateau and Greece (Bottema and
Woldring, 1984). Its presence in the pollen diagrams of the Near
East can therefore be taken as an indication of cereal cultivation.
The R. acetosa-type pollen is produced by several species which are
associated with weed and ruderal communities developed in wet
meadows and pastures in Europe (Behre, 1981). Its anthropogenic
indicator value appears less informative in the Near East but may be
important in more humid areas (Bottema and Woldring, 1990).

5.2. Pollen indicators of fruticulture

In the present study, the tree pollen used to define fruticultural
phases include Juglans, Olea, Vitis, and Ricinus. The curve repre-
senting the cultivated tree pollen (CT) in Figs. 3 and 5 was con-
structed by summing up the percentage values of these taxa. These
taxa combined to Castanea, Fraxinus ornus, and deciduous Quercus,
start increasing since during the so-called Beyşehir Occupation
Phase (B.O. phase: ca. 3600–3400 cal BP) in the pollen diagrams
from Asia Minor indicating an important socio-economic change
(Bottema and Woldring, 1990). In the Almalou area, the very low
winter temperatures prevent the cultivation of olive trees but are
not too low for the growth of Juglans and Vitis. Hence the Olea pollen
most probably shows an increase in olive cultivation in remote areas
with milder winters like the southern Caspian region or the East
Mediterranean region. The low pollen production of Juglans and
notably Vitis (Bottema and Woldring, 1990; Turner and Brown,
2002) implies that even very low pollen values of these trees may
indicate a cultivated origin. In the Almalou pollen diagram (Fig. 3)
Juglans and Vitis attain values up to 7.9% and 0.92%, respectively,
which are sufficiently higher than the values presumed for tree
cultivation (Bottema and Woldring, 1990; Turner and Brown, 2002).
It should however be noted that the low relative frequencies of Vitis
may not be a strong evidence of significant viticulture in the area. By
5000 cal BP grape occurs in the Zeribar sequence; by that time,
cultivation had begun to spread down the Zagros, and therefore
grape was probably cultivated near Urmiyeh, too (Miller, in press).

5.3. Anthropogenic phases

Variations in the percentage and concentration values of the
anthropogenic pollen indicators in the Almalou record can be used
to define several anthropogenic phases (Fig. 5). In total, eleven
phases of intensified anthropogenic activities are distinguished,
dated, and tentatively correlated to some historical periods and
events in northwestern Iran during the last four millennia (Fig. 5).
The most conspicuous feature of the synthetic diagram of Fig. 5 is
the episodic occurrence of anthropogenic herb pollen maxima
which, with the exception of the AP9 phase, are mainly composed
of Cerealia-type pollen and fruit tree pollen (Fig. 3). Furthermore,
almost all along the record, anthropogenic herb pollen form
a continuous curve displaying low percentages compared to the
anthropogenic phases. This is especially the case with pollen grains
indicating cereal cultivation and pastoral activities. This back-
ground anthropogenic pollen may be an indication of a ‘default’
economy based on nomadism with the characteristic summer
pasture. The nomadic pastoralism since long time has profoundly
modified the natural vegetation of the Iranian highlands (Zohary,
1983; Klein, 1994). This type of lifestyle still continues in the high
massifs of NW Iran including the Sahand and Sabalan Mountains.
The most pronounced APs are two phases observed at intervals
2450–2220 cal BP (AP4, AH¼ 43% and Cerealia-type¼ 34%) and
230–30 cal BP (AP10, AH¼ 37% and Cerealia-type¼ 21%). The older
phase (AP4), with highest values of Cerealia-type pollen in the
whole diagram, corresponds to the time of the Achaemenid Empire
(Fig. 5) and indicates the upland expansion of cereal cultivation
most probably associated with stronger grazing activities. The
predominant form of economic activity in the majority of the lands,
brought under the Achaemenid imperial rule with constructed
irrigation system by the Achaemnids, was agriculture. Barley was
the most frequently sown cereal in the empire while spelt and
wheat were less frequently sown (Gershevitch, 1985; Dandamaev
and Lukonin, 1989). One may also put forward the hypothesis
according to which the local people invented an irrigation system
using the animals and the water available in the Almalou crater
lake. The most recent phase (AP9) begins after the collapse of the
last great empire of Iran, the Safavid dynasty, and continues to less
than a century ago. This period is particularly characterized by
overgrazed pasturelands evidenced by the highest values of
P. lanceolata-type pollen (Figs. 3 and 4). The finding of wheat
cultivation at the beginning of the 4th millenium BC in the NW Iran
does not come in surprise because the emmer wheat and free-
threshing wheat cultivation can be traced up to the 6th–3th
millennia BC in Tapeh (Tepe) Hajji Firuz to the SW of the Sahand
Mountain (Zohary and Hopf, 1994). For AP9, no peak of Cerealia-
type pollen is observed but the very important peak of C. solstitialis-
type pollen would be related to ploughing of the surrounding areas
of the Almalou crater during the hot season (Bottema and
Woldring, 1984, 1990). It may be that unlike other agricultural
phases, the cereal-farming during AP9 was practiced outside the
crater and the pollen could not be washed directly into the Almalou
Lake.

The first tree cultivation phase (AP3, dated at about 3030 cal BP)
appears just after the beginning of the Iron Age and coincides with
the native Iranian Mannean dynasty and the neighbouring Urartu
and Assyrian empires in eastern Anatolia and Mesopotamia,
respectively. This phase follows the so-called Beyşehir Occupation
phase beginning at about ca. 3600–3400 cal BP during which the
pollen percentages of cultivated trees such as Olea, Juglans, Vitis,
Platanus, and Castanea increase simultaneousely in almost all the
pollen diagrams of Minor Asia and SE Greece (Bottema and
Woldring, 1990). Absence of cultivated tree pollen and a drop in
agricultural products during regional conflicts in Azarbaijan which
led to the 714 BC eight campaign of Sargon II and destruction of
Hasanlu, coincides with period between this fruiticultural phase
and the appearance of the first Persian empires. In the Almalou
region, the first large-scale tree cultivation phase is observed at



about 1500–1250 cal BP (AP6) that coincides with the Sassanid
Empire. As with the Achaemenid Empire, highly productive
agriculture (cereals, pulses, forage, fruits and vegetables) with
irrigation management infrastructure was the basis of the economy
during the Sassanid Empire (Adams, 1981; Wenke, 1975–6; Rahimi-
Laridjani, 1988). Cultivated tree pollen suddenly falls down just
after the collapse of the Sassanids and the Islamic conquest which
could have had a transitory destructive effect on the local agricul-
tural system. However, fruticulture is re-established soon after this
short-lived socio-economic crisis (AP7, 1170–900 cal BP). Since
about 900 cal BP onwards, the cultivated tree pollen form an
inconsistent curve. The Mongol invasion (1219 AD) and later
Timurid period (1381 AD–1452 AD) followed by other unstable
local governments coincide with this period of less developed
agriculture and fruticulture occurring during this period between
900 cal BP and the Safavid era. Curiously, no pronounced fruticul-
tural and agricultural event can be observed during the reign of the
Safavid Dynasty, which is known to have created social, economic,
and political stability in Iran during the time span of 1491 AD–
1736 AD. In this time, changes in NPP composition of the Almalou
peat could indicate that the effect of climatic deterioration on
vegetation has been as important as or maybe more important than
the socio-economic changes. It is also possible that the increased
precipitation and long-lasting snow cover in the high elevations
due to the lower annual temperatures of the LIA may have favoured
the nomadic lifestyle. The lack of developed agriculture and fruti-
culture can also be partly accounted for by the instability resulting
from several conflicts and later episodic occupations by the Turkish
Ottoman empire. An outstanding fruticultural feature in the Safavid
period is the appearance of R. communis pollen at about 1550 AD.
Bottema (1986) mentions the appearance of this pollen grain in
a recent pollen diagram of Lake Urumiyeh (Urmia) but cannot
provide a precise date for its cultivation. This plant (in Persian:
Karchak) was domesticated in tropical Africa and spread to India
about four thousand years ago (Harappan period) (Blench, 2003; De
Candolle, 1964). In several pollen diagrams of south tropical Africa,
this pollen grain is frequently encountered with low values but
show a significant peak between 1500 and 1200 cal BP apparently
due to deforestation and/or fruticultural activities (Guillaume
Buchet, personal communication). The finding of Ricinus pollen
during the Safavid period provides evidence for its introduction
from Africa via the Ottoman Empire or less probably by direct
marine transportation from east-central Africa or India via the
Persian Gulf. No Ricinus pollen was found before 1500 AD con-
firming that it is not native to NW Iran, as suggested by Bottema
(1986).

It is noteworthy that the peaks of fruticulture and agricultural
(and/or pastoral) activities rarely correlate regionally to each other
(Fig. 5). It is possible that periods of more developed fruticulture
correspond with the establishment of big cities and/or agglomer-
ated settlements in lowland plains. Upland land-use and aban-
donment is believed to be due to both climate change and human
socio-economic changes (O’Rourke, 2006; Davies, 2007). Searching
for a climatic cause of land-use dynamics in the Almalou area
necessitates the access to high resolution palaeoecological records
from the study area which are not available yet. The cross-corre-
lation of oxygen isotope curves with pollen data from both lakes
Zaribar (Zeribar) and Mirabad in the Zagros Mountains suggest two
possible dry periods centred around 1500 and 500 cal BP (Stevens
et al., 2006). None of these drought events can be correlated to the
cultural phases distinguished in the Almalou record. Such a corre-
lation cannot also be established for the global rapid climate change
events recorded for the late Holocene (Mayewski et al., 2004). As
several other studies have concluded (e.g. Heim et al., 1997; Yasuda
et al., 2000; Neumann et al., 2007), it seems that in the Near East,
historical events played a more important role than climate change
in influencing cultural changes. One exception, however, is the
Little Ice Age, whose extent and duration was enough to affect the
local socio-economy during the 16th to mid 19th centuries, as is
evident in the Almalou record and several other palaeoecological
records of the Near East (Kroonenberg et al., 2007; Ramezani et al.,
2008).

6. Conclusions

The particular physiography and hydrology of Lake Almalou
makes it a good site for the study of upland agricultural activities in
the highlands of northwestern Iran. Variations in the anthropo-
genic herb and cultivated tree pollen as well as changes in
frequencies of some aquatic pollen and non-pollen palynomorphs
were used to detect phases of agriculture/pasture, fruticulture and
to infer the environmental and climatic changes. Furthermore,
lithology and variations of the pollen of aquatic plants were used to
describe the late Holocene hydrological evolution of the Almalou
crater bog. The slightly varied pollen percentages of regional
vegetation notably Quercus, Artemisia, and Chenopodiaceae
appeared less informative for understanding the regional envi-
ronmental and climatic changes.

The Almalou bog was an open-water lake with a littoral belt of
macrophytic vegetation and Cyperaceae/moss peat at least until
approximately 3400 cal BP. Centripetal peat formation which had
already started before 3400 cal BP continued and probably accel-
erated since then to almost completely cover the crater leaving only
a small deep central pond at present.

The first significant human intervention is the appearance of
tree cultivation in Iron Age and later Mannaean and Urartian
periods. Agro-pastoral activities were extensively practiced during
the Achaemenid period. However, during the Parthian Empire, the
NW Iran and E Anatolia had unstable socio-economic conditions
because of numerous conflicts between Romans and Persians over
the Armenian territory. This fact may explain the absence of fruti-
cultural and agricultural activities corresponding to the Parthian
period. A few centuries later, during the realm of Sassanid Empire,
an important fruticultural phase took place lasting for about two
centuries. This may indicate a stability in political and socio-
economic situation of the region applied by this powerful Persian
Empire. This fruticultural phase was apparently provisionally
interrupted after the Islamic conquest and became soon re-estab-
lished but never reached its pre-Islamic extent. The effect of the
Mongol invasion (1219 AD) and the socio-economic instability of
late Timurid period (ca. 1440 AD) may correspond to the near total
absence of tree cultivation and the decline of the upland agricul-
tural practices. Human activities in the form of agro-pastoral
activities and fruticulture are not so obvious in the Almalou pollen
diagram during the Safavid Dynasty. This may partly be explained
by climatic deterioration of the Little Ice Age which is expressed in
the Almalou record as higher lake water levels resulted from lower
summer temperatures and/or higher annual precipitations. It may
also be related to the episodic socio-economic instability caused by
the border conflicts between the Safavids and Ottoman Turks
which led to several occupations and then recoveries of the Iranian
Azarbaijan including Tabriz. During the dark ages of the history of
Iran (13th–16th centuries) and the Safavid era, the dominant life-
style could have been the nomadism which is still practiced in the
high massifs of the NW Iran. The introduction and cultivation of R.
communis was however, practiced in the area during the Safavid
reign. Agro-pastoral activities were largely intensified during the
17th and 18th centuries and fruticulture notably as walnut (Juglans)
cultivation has become extensively practiced during the last
century.
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