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表 2-1 宜昌地区综合地层表 

年代地层单位 岩石地层单位 
代号 厚度 

（m） 岩 性 简 述 
界 系 统 阶 群 组 段 

新 
 
生 
 
界 

第 
四 
系 

全新统 Qhal   Qhpal 0-50 砾石、砂砾、含砂粘土。 

更新统 

Qp3
 pal >15 砾石层，黑色粘质砂土及黄褐色砂质粘性土。 

Qp2
pal 102 砾石层，紫红色含砾石砂质粘性土，褐红色网纹状粘性土。 

Qp1
pal 21-27 砾石层，黄褐色、棕黄色粉砂夹粘土质粉砂。 

古 
近 
系 

始新统   
牌楼口组  E1p 323-962 底部灰黄-浅紫红色厚层砂岩，整体以砂岩为主夹细砂岩、泥岩。 
洋 溪 组  E1y 100-520 灰白、紫红色薄-中层状砂质灰岩之下的一套以灰褐、淡红、灰白色中-厚层状灰岩为主，夹杂色泥岩。 

古新统   龚家冲组  E1g 60-470 
底部棕红色厚层-块状角砾岩、砾岩或砂砾岩为；中、上部紫红色泥岩和粉砂岩夹褐黄、棕红、灰白色砂岩及灰绿

色泥岩。 

中 
 
生 
 
界 

白 
垩 
系 

上统 
  跑马岗组  K2p 170-890 棕黄色夹灰绿、黄绿的杂色砂岩、粉砂岩、粉砂质泥岩和泥岩。 
  红花套组  K2h 773 鲜艳的棕红色厚层状砂岩夹有泥质细砂岩及粉砂岩、泥岩。 
  罗镜滩组  K2l 400-600 紫红色、灰色厚层至块状砾岩，上部夹砂砾岩及含砾砂岩。 

下统 
  五龙组  K1w 714-1867 紫红、棕红色中-厚层状砂岩，含砾砂岩，夹砾岩、泥质砂岩。 
  石门组  K1s 185-275 紫红、紫灰色块状中粗砾岩夹砖红色细砂岩透镜体。 

侏 
 
罗 
 
系 

上统 
  蓬莱镇组  J3p >2115 

紫灰色长石石英砂岩与泥（页）岩不等厚互层，夹黄绿色页岩及生物碎屑灰岩，含介形虫、叶肢介、轮藻及双壳类

化石。 
  遂宁组  J3s 630 紫红泥（页）岩，夹岩屑长石砂岩、粉砂岩，含介形虫、轮藻、叶肢介及双壳类化石。 

中统 
  沙溪庙组  J2s 1986 黄灰、紫灰色长石石英砂岩与紫红、紫灰色泥（页）岩不等厚韵律互层。 
  千佛崖组  J2q 390 紫红色、绿黄色泥岩、粉砂岩、细粒石英砂岩夹介壳灰岩。 

下统  
香溪群 

桐竹园组  J1t 280 黄、黄绿、灰黄色砂质页岩、粉砂岩及长石石英砂岩，夹碳质页岩及薄煤层或煤线。 

三 
叠 
系 

上统  九里岗组  T3j 142 黄灰、深灰色粉砂岩、砂质页岩、泥岩为主，夹长石石英砂岩及碳质页岩， 含煤层或煤线 3-7 层。 
中统   巴东组  T2b 142 紫红色粉砂岩、泥岩夹灰绿色页岩。 

下统 
  嘉陵江组  T1j 728 灰色中-厚层状白云岩、白云质灰岩夹灰岩、“盐溶角砾岩”。 
  大冶组  T1d 1000 灰色、浅灰色薄层状灰岩，中上部夹厚层灰岩、白云质灰岩，下部夹含泥质灰岩或黄绿色页岩。 

上 
 
古 
 
生 
 
界 

二 
叠 
系 

上统 吴家坪阶  吴家坪组  P3w 84-103 灰色中厚层-厚层状、块状含燧石团块的泥晶灰岩、生物碎屑灰岩。 

中统 

茅口阶  
    孤峰组 

茅口组 
 

   P2g 
P2m 

    0-10 
88.9 

薄层状硅质岩、硅质页岩、粉砂质泥岩、页岩。 
灰色、浅灰色厚层-块状含燧石结核 
生屑微晶灰岩、藻屑微（泥）晶灰岩、生屑砂屑亮晶灰岩。 

祥播阶 
 栖霞组  P2q 110.2 深灰、灰黑色厚层状含燧石结核（或团块）生屑泥晶灰岩。 

栖霞阶 
 梁山组  P2l 3.8-4.2 下部灰白色中厚层细砂岩、粉砂岩、泥岩及煤层；上部黑色薄层泥岩夹灰岩。 

石 
炭 
系 

上统 
达拉阶  黄龙组  C2h 11.4 灰、浅灰-肉红色厚层灰岩，含灰质白云岩角砾、团块。 

滑石板阶 
罗苏阶  大埔组  C2d 5.1 灰白-灰黑色厚层块状白云岩。 

泥 
盆 
系 

上统 
法门阶  写经寺组  D3x 11.66 下部泥灰岩、灰岩或白云岩夹页岩及鲕状赤铁矿层；上部砂页岩，夹鲕绿泥石菱铁矿及煤线。 

弗拉斯阶  黄家磴组  D3h 12.8-15 黄绿、灰绿色页岩、砂质页岩和砂岩为主，时夹鲕状赤铁矿层。 
中统 吉维特阶  云台观组  D2y 85.9 灰白色中至厚层或块状石英岩状细粒石英砂岩夹灰绿色泥质砂岩。 

下 
 
 
古 
 
 
生 
 
 
界 

志 
留 
系 

中统 

 

 纱帽组  S1-2sh 242-593 
下部为黄绿色页岩、泥质粉砂岩、粉砂岩夹砂岩或紫红色细砂岩；上部为灰绿色夹紫红色中厚层状细粒石英砂岩夹

中至薄层状粉砂岩、砂质页岩。 

下统 
 罗惹坪组  S1lr 73.7-172 下部黄绿色泥岩、页岩夹生物灰岩、泥灰岩；上部黄绿色泥岩、粉砂质泥岩。 
 新滩组  S1s 670-820 灰绿、黄绿色页岩、砂质页岩、粉砂岩夹细砂岩薄层。 

 龙马溪组  S1l 198.58 黑色、灰绿色薄层粉砂质泥岩、石英粉砂岩，偶夹薄层状石英细砂岩。产大量笔石。 

奥 
陶 
系 

上统 

赫南特阶 
 五峰组 

观音桥段 O3wg 0.17-0.3 黑灰、黄褐或浅紫灰色含石英粉砂粘土岩，粘土岩，产 Hirnantia 壳相动物群。 

笔石页岩段 O3wb 5.44 黑灰色微薄层至薄层状含有机质石英细粉砂质水云母粘土岩，夹黑灰色微薄层至薄层状微晶硅质岩。 

凯迪阶 

 宝塔组  O3b 22.67 灰色、浅紫红色或灰紫红色中厚层收缩纹灰岩夹瘤状灰岩。以产头足类 Sinoceras sinensis 为其特点。 

桑比阶 

 庙坡组  O2-3m 3.1-6.6 黄绿、灰黑色钙质泥岩、粉砂质泥岩、黄绿色页岩夹薄层生物屑灰岩。富含笔石。 

中统 

达瑞 
威尔阶 

 牯牛潭组  O2g 20.06 青灰、灰色及紫灰色薄至中厚层状灰岩、砾屑灰岩与瘤状灰岩互层。 

 大湾组 

三段 O1-2d3 21.55 黄绿色薄层粉砂质泥岩夹生屑灰岩或呈不等厚互层状。 

大坪阶 二段 O1-2d2 7.7 紫红、灰绿或浅灰色薄层生物屑泥晶灰岩、瘤状灰岩，夹钙质泥岩。 

一段 O1-2d1 25.5 灰绿色、深灰色、浅灰色薄层灰岩间夹极薄层黄绿色页岩。 

下统 

弗洛阶  红花园组  O1h 45.9 灰、深灰色中至厚层状夹薄层状灰岩，下部偶夹页岩。 
 分乡组  O1f 22-54 下部灰色中厚层灰岩夹灰绿色薄层状泥岩；上部灰色薄层生屑灰岩夹泥岩。 

特马 
豆克阶 

 
南津关组  O1n 209.77 

下部为白云岩；中部为含燧石灰岩、鲕状灰岩、生屑灰岩、含三叶虫；上部为生屑灰岩夹黄绿色页岩，富含三叶虫、

腕足类等。 

娄山关组  ∈2O1l 673.37 灰-浅灰色薄层至块状微细晶白云岩、泥质白云岩夹角砾状白云岩，局部含燧石。 

寒 
武 
系 

上统 
  

中统 
台江阶  覃家庙组  ∈2q 217.68 薄层状白云岩和薄层状泥质白云岩为主，夹有中-厚层状白云岩及少量页岩、石英砂岩。 

下统 

都匀阶 

 石龙洞组  ∈1sl 86.3 浅灰-深灰色至褐灰色中-厚层状白云岩、块状白云岩，上部含少量钙质及少量燧石团块。 
 天河板组  ∈1t 81-377 深灰色及灰色薄层状泥质条带灰岩。含丰富的古杯类和三叶虫化石。 
 石牌组  ∈1sh 294 灰绿-黄绿色粘土岩、砂质页岩、细砂岩、粉砂岩夹薄层状灰岩、生物碎屑灰岩。 

南皋阶  水井沱组  ∈1s 168.5 灰黑色或黑色页岩、碳质页岩夹灰黑色薄层灰岩。 

梅树 
村阶 

 
岩家河组 

 
天柱山段 

 
∈1y 

 
Z2dnt 

20-50 
 

0.7-5 

灰色硅质泥岩、白云岩、黑色碳质灰岩夹碳质页岩。 
 

薄-中层状泥质白云岩、细晶白云岩，含长石石英粉砂质磷块岩。 

新 
 
元 
 
古 
 
界 

震 
旦 
系 

上统   灯影组 
白马沱段 Z2dnb 17.5 灰白色厚-中层状白云岩，局部层段硅质条带、结核发育。 
石板滩段 Z2dns 36 灰黑色薄层含硅质泥晶灰岩，极薄层泥晶白云岩条带发育。 
蛤蟆井段 Z2dnh 133.4 灰-浅灰色中层夹厚层白云岩。 

下统   陡山沱组 

四段 Z1d4 0-8.4 黑色薄层硅质泥岩、碳质泥岩夹透镜状灰岩。 
三段 Z1d3 35.8 下部灰白色厚层夹中层状白云岩；上部为薄层状粉晶白云岩。 
二段 Z1d2 235 深灰-黑色薄层泥质灰岩、白云岩与薄层碳质泥岩不等厚互层。 
一段 Z1d1 3.3-5.5 灰、深灰黑色厚层含硅质白云岩，发育帐篷构造。 

南 
华 
系 

上统   南沱组  Nh2n 36-63 灰绿色夹紫红色块状杂砾岩、含砂砾泥岩，偶夹薄层粉砂质泥岩。 

下统   莲沱组 
上段 Nh1l2 39-63 紫红色及灰白色凝灰质砂岩和紫褐色及黄绿色砂岩、砂质页岩。 
下段 Nh1l1 91-103 红、棕紫及黄绿色粗-中粒长石石英砂岩及长石砂岩。 

中 
元 
古 
界 

   
崆岭 
岩群 

庙湾岩组  Pt2m 864.12 具条带、条纹构造的斜长角闪片岩，夹石英岩、角闪斜长片麻岩及石榴角闪片岩。 

小以村岩组  Pt2x 799.85 
中、下部为含石墨黑云斜长片麻岩、大理岩、钙硅酸盐岩-石英岩组合；上部为斜长角闪岩夹黑云斜长片麻岩、石

英片岩及富铝片麻岩与片岩；顶部偶见大理岩透镜体。 
古村坪岩组  Pt2g >812 黑云(角闪)斜长片麻岩(或变粒岩)夹斜长角闪岩。 
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conceivable that such melts should have a distinct geochemistry from
younger ones (e.g. Miocene leucogranite). Since the Indian–Asian
continental collision, the Himalayan belt has experienced episodic
melting of crustal rocks, which is represented by the formation of various
types of granites andmigmatites. Though there are sparse data related to
the pre-30 Ma tectonics of the Himalayan belt (e.g., Aikman et al., 2008;
Ding et al., 2005; Lee and Whitehouse, 2007; Leech et al., 2005; Searle
et al., 1999; Simpson et al., 2000; Vance and Harris, 1999; Yang et al.,
2009; Zeng et al., 2009), thebehavior of thickened continental crust along
the Himalayan belt is still one of the poorly constrained aspects of the
Himalayan geology. Knowledge of the timing and geochemical nature of
thesemelting events is crucial to refine tectonicmodels for the evolution
of large-scale collisional belts, and to improve our understanding of the
melting behavior of the crustal materials under different conditions.

Across the Yalung–Tsangpo suture, granotoids with high Sr/Y and
LREE/HREE ratios occur bothwithin the Lhasa terrain (e.g. theGangdese
belt) (e.g., Chung et al., 2003; Hou et al., 2004; Zhang et al., 2010; Zhu
et al., 2009), and in one of the North Himalayan Gneiss Domes (King
et al., 2007). These rocks formed over a time span from ~90 to ~12 Ma,
and in different tectonic settings (Chung et al., 2003; Hou et al., 2004;
King et al., 2007; Zhang et al., 2010; Zhu et al., 2009), However, granites
with similar geochemistry and ages of 30–50 Ma has not been identified
along the Himalayan belt, though numerical modeling which incorpo-
rated the earlier phase (e.g. crustal thickening) of Himalaya orogeny
predicted that partialmelting of thickened lower crustalmaterials could
be induced by radiogenic heating itself (Beaumont et al., 2004) or by
input of juvenile heat from the mantle (Harrison et al., 2000).

Recent studieson thegranites fromtheYardoi (also calledYalaxiangbo
by Aikman et al., 2008) area, one of the prominent gneiss domes in the
easternmost of NHGD (Fig. 1) suggest that crustal anatexis had occurred
before ~35 Ma (Aikman et al., 2008; Zeng et al., 2009). Limited data also

indicated that thesemelts have highNa/K ratios (Gao et al., 2009; Qi et al.,
2008; Zeng et al., 2009). To further determine thenature andmechanisms
for the formation of such granotoids, we have conducted bulk-rockmajor
and trace element, and Sr and Nd isotope analyses on a suite of two-mica
granite from theYardoi gneiss domeandadjacent areas. Sr andNd isotope
data are also collected frommetamorphicwall rocks includingmetapelite,
granitic gneiss, and amphibolite. SHRIMP zircon U/Pb dating was applied
to constrain the timing of these anatectic events. In combination with
SHRIMP zircon U/Pb dating, these data extend the magmatism with
relatively high Na/K and Sr/Y ratios back to ~44 Ma, and show that
amphibolite partial melting dominated the earliest magmatism in the
Himalayan orogen. Transition from earlier high Na/K to later (b30Ma)
predominantly high K/Na magmatism signifies pronounced changes in
the tectonic regime, e.g. from dominantly compression and thickening to
contemporaneous contraction and extension in the Himalayan orogenic
belt. Such a change may be a common feature in large-scale collisional
orogenic belts worldwide.

2. Geological setting

The High Himalayan Crystalline Series (HHCS) and the North
Himalayan Gneiss Domes (NHGD) form two sub-parallel belts
between the MCT and the Yarlung–Tsangpo Suture (YZS) (Fig. 1a).
The HHCS and NHGD are separated by the STDS. Studies on granites
occur along both belts have revealed significant along-strike differ-
ences in geochemistry as well as timing of formation (Aoya et al.,
2005; Daniel et al., 1987; Debon et al., 1986; Gao et al., 2009; Guillot
and Le Fort; 1995; Harrison et al., 1997, 1999; Inger and Harris, 1993;
King et al., 2010; Le Fort et al., 1987; Le Fort, 1981; Schärer et al., 1986;
Searle et al., 1997; Searle and Szulc, 2005; Yang and Jin, 2001; Zhang
et al., 2004a, b; Zeng et al., 2009). The granites within the NHGD
intruded into the Tethyan sedimentary cover rocks as well as into the
high grade metamorphic basement rocks, and differ from the High
Himalayan leucogranites in their emplacement style, ages, and
apparently higher melting temperature (Harrison et al., 1997).

Same as the granites within the High Himalaya, documentation of
the geochemical nature and formation age of the granites in the NHGD
could provide important constrains on the interactions between
metamorphism, partialmelting, and deformation. There is an increasing
number of high quality investigations on the gneiss domes along the
NHGD (e.g., Aikman et al., 2008; Aoya et al., 2005; Chen et al., 1990; King
et al., 2007, 2010; Lee and Whitehouse, 2007; Lee et al., 2000, 2004; Qi
et al., 2008; Zeng et al., 2009; Zhang et al., 2004a, b), which provide
important timing constraints on the formation of granites along the
NHGD. However, most of these studies have been focused on the area
around the Sakya area (King et al., 2007, 2010; Lee et al., 2000, 2004; Lee
andWhitehouse, 2007; Zhu et al., 2005). Available data imply that there
are substantial along-strike differences both in the geochemical nature
and in the formation age and mechanism of the NHGD granites. The
Yardoi gneiss dome (YGD), roughly 150 km2 is located in the
easternmost of the NHGD (Fig. 1b). To the north of the YGD, near the
Zendang area, a remnant Jurassic to Cretaceous intra-oceanic arc system
was preserved within the Yanglung–Tsangpo suture (Aitchison et al.,
2000; McDermid et al., 2002). This terrane was bounded by the
Gangdese thrust to the north and the Renbu thrust to the south
(Harrison et al., 2000; Yin, 2006; Yin et al., 1994, 1999). Occurrence of
the ~30 Ma Yajia granodorite immediately above the Gangdese thrust
implies the input of juvenile heat for its formation (Harrison et al.,
2000). The YGD is separated to the north by a normal fault from the
Tethyan sedimentary sequences. In the YGD area, the crystalline
basement rocks that underlying the Tethyan sediments consist of
augen gneiss, garnet-bearing metapelite, garnet–graphite schist, am-
phibolitewith subordinated epidotite and pyroxenite (Zeng et al., 2009;
Zhang et al., 2007),which is broadly similar to those gneiss domes to the
west. From the core to themargin of the YGD, it consists of semicircular
Cenozoic granites in the core, high-grade augen gneiss, garnet biotite

a)

b)

Fig. 1. (a) Simplified geologic map of the Himalayan orogenic belt, southern Tibet (after
Pan et al., 2004; Zhang et al., 2007) showing locations of the Yardoi, Kangmar, Sakya,
Kuday, Lhagoi, andMalashan gneiss dome; (b) Simplified geologic map of the Yardoi area
showing the Yardoi gneiss dome (YGD), the Dala and the Quedang plutons, and the
locations of samples T0319-06, T0317, and T0394-AM for zircon SHRIMP U/Pb dating.
Zircon U/Pb age of 44.1±1.2 Ma for the Dala pluton is reported by Aikman et al. (2008).
Similar result (44.3±0.4 Ma) was also reported by Qi et al. (2008). Traverses A–B, C–D,
and E–F show the sample locations of two-mica granite from the core of YGD, Dala, and
Quedang, respectively. YTS=Yarlung–Tsangpo suture; STDS=Southern Tibet Detach-
ment System; MCT=Main Central Thrust; MBT=Main Boundary Thrust; LH=Lower
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•Zeng et al., 2011



•�������



•�����
	��������



���





��0�	���

���3����1�
2



�����



•��	
��������



•��	
�������� 



�
�
�
�



����



����



�
�
�
�
�
�
�
	


�

24.6

50.5

65

����









S3A\

•S378=�J1����MNAa7q!�h
"�'mR"���VZV)NAS<KrRq
lKX0q�69Oq6+B
•�mR"fI1bO)qa7�PH=�<`1
jMf.*W60-foa7,?8Ec�f
p^;ek
��� ���	�q�>(gf�������
	�q7[_Y@b
•'&n�0LG-A\a7q2QZVZ)-:
$1%U1]idVfa9%Uf F�





•����







Muller, 1997



Vp Vertical sections Huang&Zhao, 2006



�	�������



•����











����



552 GEOLOGY, June 2010

of the Three Gorges Dam (see the GSA Data 
Repository1 for analytical details). Samples 
were obtained along a pseudo-vertical transect 
from altitudes of 190 m to 1923 m within 27 km 
of the Yangtze River. The AFT and AHe ages are 
sensitive to the time at which the samples passed 
through temperatures as low as 45 °C, depend-
ing on cooling rates, grain size and other factors 
such as radiation damage (Reiners and Brandon, 
2006; Shuster et al., 2006). The topography in 
the area precludes a true vertical profi le, and we 
discuss the implications of this in the following.

RESULTS
Mean AHe single-grain ages (Fitzgerald et 

al., 2006) range from 46 ± 16 Ma (2σ) for sam-
ple H1 at the base of the section (190 m) to 45 
± 12 Ma for sample H4 (Table DR1 in the Data 
Repository), which marks a break in slope in the 
age-elevation relationship at 1350 m (Fig. 2). 
Samples above this break in slope yield older 
single-grain ages. The exception to this pattern 
is sample H3, which yields widely scattered 
ages; the reasons for this are not clear but may 
involve the presence of microscopically unde-
tectable zircon or other U-bearing inclusions.

The AFT samples (Table DR2) yield scat-
tered central ages ranging from 86 ± 10 Ma (2σ) 
to 133 ± 11 Ma, and show no systematic varia-
tion with elevation (Fig. 2). To explore the AFT 
results in more detail, thermal forward model-
ing of apparent ages and horizontal confi ned 
fi ssion-track lengths were undertaken using the 
HeFTY software (Ketcham, 2005), including 
including measurements of mean fi ssion-track 
etch pit diameter parallel to the crystallographic 

c-axis (Dpar; Donelick, 1993) as a proxy for 
grain chemistry. The modeling was completed 
without the AHe data, to avoid forcing the 
sample time-temperature (T) paths through the 
AHe ages. The lowermost sample (H1, Fig. 3) 
remained in the AFT partial annealing zone 
(APAZ) at T ≈70 °C until the onset of more rapid 
cooling (1–2 °C/m.y.) at ca. 40 Ma. At higher 
elevations, samples H1.5, H3, and H5 record 
broadly similar, monotonic post-Cretaceous 
cooling paths which permit, but do not require, 
a comparable acceleration in cooling rate at 
ca. 40–45 Ma. The highest sample, H6, was 
already at T <60 °C by 40 Ma (Fig. 3), and thus 
lies outside the temperature range at which the 

model results can be confi dently interpreted. All 
samples spent prolonged periods in the APAZ.

DISCUSSION AND CONCLUSIONS
What is the expected thermochronologic sig-

nature of gorge incision, and how can we dif-
ferentiate this from regional exhumation? We 
suggest two potential signatures: (1) more rapid 
cooling of the lower samples relative to those at 
higher elevations, indicating an increase in relief 
(Braun, 2002; Schildgen et al., 2007), or (2) a 
cooling event that involved all samples (and 
thus no increase in local relief), but that is not 
observed outside the gorge area. It is tempting 
to interpret the steep AHe age-elevation rela-
tionship below 1350 m (Fig. 2) as evidence for 
rapid cooling of the lower samples at 40–45 Ma. 
We can only tentatively exploit this relationship, 
however, because of the large horizontal span 
of our transect (27 km). The admittance ratio α, 
the ratio of relief on the AHe closure isotherm to 
topographic relief, is ~0.7 (Braun, 2002; Rein-
ers et al., 2003), implying that the slope of the 
AHe age-elevation relationship is greater than 
the likely exhumation rate by at least a factor 
of three. Prolonged residence in the APAZ most 
likely accounts for the large scatter in fi ssion-
track age, and we infer that there has been insuf-
fi cient cooling to expose the base of the APAZ 
and yield an unambiguous AFT age-elevation 
relationship.

One indication of gorge incision after 45 Ma 
is that AFT sample H1 has cooled by 50 °C, 
whereas sample H6 has cooled by only 5–40 °C, 
since that time (Fig. 3), implying differential 
cooling of 10–45 °C. Present-day geothermal 
gradients in the region range from ~15 °C km−1 
at the western margin of the Gorges (Xie and 
Yu, 1988) to 23–40 °C km−1 in the extensional 
Jianghan Basin to the east (Xie et al., 1988). 
Using an average value of 20 °C km−1, this 
implies differential exhumation of the lower 
samples by 0.5–2.3 km since 45 Ma. Com-
pression of isotherms beneath the gorge could 
increase the local geothermal gradient by ~20% 
(Stüwe et al., 1994), decreasing these estimates 
to ~0.2–2.0 km. Thus, while we cannot entirely 
rule out uniform cooling on this basis, it is likely 
that the lower samples record some degree of 
differential incision.

A second argument in support of gorge inci-
sion comes from thermal modeling of the AHe 
data. Following Reiners et al. (2003), we calcu-
late the depth to the closure isotherm for each 
AHe sample using one-dimensional numerical 
models (Brandon et al., 1998). Total exhuma-
tion of each sample is the model closure depth 
plus the difference between sample elevation 
and elevation smoothed over a 10 km circle, 
to account for bending of near-surface iso-
therms. Model exhumation rate is then the total 
exhumation divided by the sample age. Again 
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Figure 3. Results of apatite fi ssion-track ther-
mal modeling, derived from HeFTy model 
(Ketcham, 2005). Light gray regions show 
95% confi dence envelopes on the tempera-
ture-time path, defi ned by the Kolmogorov-
Smirnov test applied to the track length 
distribution; dark gray regions show 50% 
confi dence envelopes. Gray bar on each plot 
indicates the time period 45–40 Ma for refer-
ence. Single-crystal AHe ages are plotted as 
circles at a model closure temperature of 
50 °C.
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Figure 2. Age-elevation relationships for 
apatite (U-Th)/He (AHe) and apatite fi ssion-
track (AFT) samples from the Huangling 
Granite. Gray symbols mark samples from 
this study, white symbols mark those from 
Hu et al. (2006). All age errors (x axis) are ± 2 
s.d.; all elevation errors (y axis) are ± 50 m.

1GSA Data Repository item 2010154, apatite 
fi ssion-track and apatite (U-Th)/He methodol-
ogy and sample details, is available online at www
.geosociety.org/pubs/ft2010.htm, or on request from 
editing@geosociety.org or Documents Secretary, 
GSA, P.O. Box 9140, Boulder, CO 80301, USA.
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